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INTRODUCTION

ine.period covered by this report is'outstonding.because-of the
"spectacuiar progress made in the construction of the TANDAR facility. In
"“~January 1980 the excavatzon work had just started; by December 1981 the
colum structure was standzng in the interior of the 35 m hzgh pressure
>AbvesseZ and the inyector was being readied at its definztzve location 56
m. above ground | . | |
| Durtng 1980 there was a vzgorous local drzve to meet the schedule
for the coZumn installation as agreed with NEC. The main and service
towere reacbed bhe.fop>at 73 m at a fast bace by using nonstop'sliding
forma. Previously the pressure tank had been fimished and tested to a
maziman ;éAkg/me pressure,in record time. Shortly afterwards the two
sbherical storoge vessela for the SF, gas were completed.
- At present mogt of the work 18 bezng geared to complete the gas
handlzng system and start the hzgh voZtage tests.
A v On the ocassion of the "Thzrd International Cbnference on EZectros-
tatic AcceZerator Technology", we were awarded the dzstznctzon of bezng
seZected as hosts fbr the next conference in 1985. We hope that our
_'acceZerator will be-weZZ ahead in the runnzng stage by then. It is aleo
| vvposszble that the adaacent office butlding orzgznally planned will also
be ready for the conference. '
'._I%e training program which was initiated in 1977 with the purpoée
_of Bupplemenbingzadequafely the,research staff‘needed for an efficient
‘use of the ZANDAR‘is:near completion now. This progran has involved a
dozen young phyoicisbs who have finished or ave finshing their theses.
Most of then have had tﬁe opportunity to get experience abroad; Now that
'thefprogram ie almost. completed we can be very satisfied with the

results. In this comnection we wish to acknowledge the collaboration



of those groups abroad whtch have been willing to host the young graduates
in Oxford, Mibchen, G&ttzngen, Heidelberg, Stomy Brook, Oak Ridge,
Seattle, BerkeZey and Rehovot. We keep high expectations on the returns
of this progfam which should start paying off as soon as the first beam
becomes usable; ‘

Another aspect of general eharacter which i8 wonth mentioning ig
that both in 1980 and 1981'the series of nuclear physices workshaps,
etarted in 1978, continued with an enlarged audience and distingnished
speakers. B.Bayman, S.Bjérnholm, D.Mc. Hyder, M.Macfarlane and F. Stephens
contributed with emceZZent talks.

Within the program for cooperative regearch nanaged by the Argentine
National Research Council and the U;S. National Science Foundation succes-
ful projects were carrie& out in collaboration with groups of Brookhaven,
Ames and Iueson. Other joint efforts were also undertaken with scientists
from Rio de Janeiro, Sao Paulo, Santiago de Chile, Tibingen, Washingtom D.C.,
Grenoble, Berkeley, Paris, Strassbourg dnd local universities in Buenos
Aires, La Plata and fundil.

A happy event was the prize awarded by the Academy of Medicine to
membere of the erystallography group for their work with a medical team
dealing with the identification of caZcifications of costal cartilage
samples in patients with idiopathic fhmtlial ehondrocaleinosis. '_

The research output constitutes the main topic of this repert and
ie summarized in the following pages. In gemeral, the activity as a
whole has steadily grown in spite of the fact that secondary'(but
necessary) chores have also muttiplied and makes us feel frequently
distressed. Adaptation to the new responsabilities ahead is the key. The
years of rumning the old Synehrocyclotron.and Cockeroft—-Walton qccele—
rator are finished. We now have a very powerful.machine becoming opera—
tional, which will make possible experiments which up to now were only

dreams. It will be our responsability to make them become reqlity. It 18



’both a. sweet feez'mg a:nd a heavy burden at the same tune, to face thie |

responsabmlzty i '
The spZend'Ld ed'z,tomal work was thzs tzme undertaken by Martha Pérez.
,'Mr' B'mda as m prekua years " dzd hw utmost to do the pmntmg work '

:'m the shorteat tme, we are grateﬁ;l to L Blanco, M. T Ccmnuega and

'M Gwmonch for typ'mg the manuscmpt

' .':Mc'mio, AJ Mariscotti .
" April 1982
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I. THE TANDAR PROJECT

s;,l . The Tandar Project: A Personal Overlook

' E.Pérez Ferreira and.E;Ventura .

| InADecember 1977' the Department of Phys1cs of the Atomlc Energy
Commission (CNEA) of Argentlna signed a contract to purchase a large‘
,electrostatlc Tandem Accelerator which will serve as the base ofa new'm
Research Laboratory that includes all the ba31c ‘research activities
currently performed-at CNEA, such as nuclear, solid. state and atomlc’vi
h physics, readtor. chem1stry,blology, solar energy,etc

The activities during the years 1978 and 1979 were accurately des-
cribéd “in our previous PrOgress Report: "...after two years, we should
recognize that allrof us'had”a‘very optimlstlc idea about‘the workn_'
behind .a project -of this magnltude ' o ‘

 The work during thé years 1980 and 1981 makes even that statement
completly obsolete. For 11ttle did we all know about the complexltles -
related with. act1v1t1es ‘beyond the normal scope of a phySlClSt, such
as deallng with contractors hand11ng financial problems and.g01ng w11d )
with the: delays caused by bureaucracy ' ‘

How ‘did ‘we cope with it? A’ theoret1ca1 phys1c1st once sa1d that there
are :two d1fferent ways to solve a comp11cated problem, you e1ther sat
patiently thlnklng aboutthealgorlthmthatwould y1eld the elegantsolutlon
‘at once, or you used the brute force techn1que Needless‘ to say which
of the two approaches was used for the Tandar Progect for bel1eve us,

_there seems to be no room for elegance in the real world.

How did we ‘come out? As an exper1mental physicist would say, within
error bars not so bad. After two years of hard work we have completed
100% of the accelerator tower, gas handling plant and power distribution
plant. The exper1menta1 areas, support laboratorles and offices dre more
than 807 complete. A

After two years of hard work we have also constructed and assembled
the biggest- pressure vessel ever made in our country, whose unusual N

.quallty deserved encouraglng opinions from abroad. Two spher1ca1 storage :f
tanks, 10 m in diameter are being filled with succe81ve-sh;pments of SFg

gas to readhhthe inventory of 90 metric tons in time for voltage tests.



We have assembledklOOZ of the accelerator oolumn and’ injector in record
time and the analyzing magnet has been mounted and aligned‘with-respect
to the accelerator and injector. ' ' 4 o 4

In the meantime,'the'data handling system is being‘completed while
construction of a hardware prototype to connect experimental areas with
the maiu'system - and the correspondihg software - in being developed.r.

Experimental'equipment for-six beam lines has been purchased or
.developed both here and abroad, 1nc1ud1ng a spllt-pole magnetic spec—

. trometer, an a11 purpose scatter1ng chamber, a heavy-ion design scat-.

-terlng chamber, a highly soph1st1cated table for angular correlation -
‘measurements and several 1mprovements to the electromagnetlc separator
to be used for short 1ived isotopes studies. .-

Also the training of young physicists has continued in our labora- :
tories and abroad and annual workshops on nuclear phy31c5'have contlnued.
to ensure'updating of accelerator relevant studies.

The_followihg papere show all. this work in detail. However this is
only part of the story and we are only half way through. There is a lot-
more to be done and somehow we still have. to pull energies from some4
where to acompllsh our goal ‘We are st111 motivated by the purpose of”
“our work and the support given to us by the authorities of CNEA cons-
tantly re1nforces our task.

The encouragement coming from our frlends and colleagues here and -
all over the world keeps us contantly alive, To all of them our deepest
thanks.



1977 | 1978 | 1979 | 1980 | 1981 | 1982

'iafoxd }IV(INVI. ayl A_:fo\ a28e3s 3si1TJ JO uorle3IaTdWod Jol; aInpayds T '3'_:&' ‘

R TN T T N T T N T N T O T WO S T T A O O

~ ACCELERATOR DESIGN AND CONSTR, | == f===-t==-——- —-=

 ACCELERATOR ASSEMBLY AND TESTS | | . | B et o

BUILDING DESIGN B ] _;'"";_""-'

BUILDING CONSTRUCTION | | B Kttt it

PRESSURE VESSEL | | | o=
STORAGE TANKS L | | Fo==

GAS HANDLING SYSTEM I T I B

ELECTROMECHANICAL INSTALLATIONS | - . — - - —— t——

‘e



.2, Assembly of the 20 UD Pelletron Accelerator

A.Binda, R.Dieguez, N.Fazzini, E. Gara§ Ramos, HﬂGonzéiei, B.Ietfi}
J.Laffranchi, K.Lochner*, E. Lolago, C Mlguez, C.Palacio, M. Profe531,
J. C Rodrlguez and J.Vidalle.

The 20 MV stralght through Pelletron accelerator bullt by
Nationalﬁ Electrostatic Corporatlon (NEC), Middleton, Wisconsin, U.S.A.

according to CNEA specification is shown in Fig. 2.
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a.7

.'iIt'consietslbasically of a colum structure built in 60 em'high A
modules~consisting of 10 cm thick horizontal cast alumihium bulk-
heads supported by 6 c1rcumferent1a11y located -column posts of the

© type used in previous NEC designs, It has a diameter of 2.15 m and
a 1ength of 34,84 m including the high voltage terminal.

‘bne'major and three minor dead sections are used'in‘the deeign.
The acceleretion tubes are of the stendard NEC design. Voltage gradf
ing for each acceleration tube and the eolumn structure arebﬁrovided
by two enc1osed.corona discharge tubes. Two independent groups of two
pelletron chaihs'are used to transport 400 pA of charge'to the high
voltage terminal. Power'for various components within‘the eolumm
structure will be provided by two rotating shafts.

-The high voltage terminal is 2.44 m in diameter and 4.88 m high.

A displaced element electrostatic quadrupole. triplet charge selector
along w1th a variable selector aperture and high energy tube matchlng
lens are placed to separate charge states after stripping. Electros-
tatic steering plates, gas and foil stripping systems and.getterrion
pumps are also mounted in the terminal. Focusing elements including

a quadrupole triplet lens are also placed in the‘first dead section.
An additional stripping system is located in-the first high energy
dead section. A ) o

In order to increase the reliability keeping.at the same time its
precision and eXpansion capabilities, the'machine will be controlled
by means of a mixed system using light links and control rods. The
implementation of the digital control system will use the CAMAC stand-
ard. Two PDP-11/23 computers, one acting as backup, will be used to
communicate with the system.

Service for the eolumn_structure‘and contents ofAthe high Qoltage
terminal will be performed from two movable service platforms. The
‘large annular platform will be located in the space between the colum
ahd pressure vessel., A small platform willigove vertically within the’
column ellowing easy access to the interior of the column structure
and high voltage terminal.

The shipment of five containers with 90/ of the accelerator arrived
in Buenos Aires in early February of 1981,

.Although completion of the building was not achieved the aesemblY“of-
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the basic column structure, began in May, after the arrival of the NEC
supervisor. ‘ | ‘
Installation of the annular service platform was compieted,and suc-
cesfully tested. . " | .' | . .
| Thé basic column structure assembly pérfprmed by CNEA personneliwith
NEC supervisibn was completed, including equipotential rings, dead sec—
tion Eovers, terminal shell, column corona voltage grading system and
chérgiﬁg chains. A view of the column assembly is shown in Fig. 3 .

The column will be ready for voltage tests in March 1982.

Fig. 3

* National Electrostatics Corporation, Middleton, Wisconsin. U.S.A.
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'1,5 : The Design and Construction of the 20MV Tandem Accelerator
~ Building '

F. Antonnccio, N,Fazzini, H.Gonzdlez, M.A.J. Mariscotti, J.
Milberg, J.Nicolai, E. Perez Ferreira, R. RequeJo, R Ribarich
S.Tau and E.Ventura

The accelerator'building constitutes the first and most important
'stage in the construction plan of the new research laboratory which will

be dedlcated to CNEA's basic research activities.

Tower Structure

The most promlnent feature of this building is the tower structure

_ that houses the accelerator. It consists ba81cally of a dodecagonalbase
15 meters in (outer) d1ameter and 73 meters in helght The deslgn took
".1nto.con51derat1on the stab111ty of the accelerator durlng perlods of_
intense wind and solar heat gain. It has been also designed with the
approprlate concrete thlckness to shield it fromradiations or1g1nat1ng
when beams of protons. and deuterons are accelerated to the max1mum s
2energy (40 MeV). In addition to the accelerator, space is also prov1ded
for the ion sources, injector and 90° analyzer magnet. F1na11y, a con-
ference room has been included at the top of the structure. .

Access to the main tower is through another smaller service tower
‘adjacent to it. One freight elevator and one fast passenger elevator
provide the means of convenient transportation of equipment and person-
nel to the &ifferent levels. Fig. ¢.shows‘a vertical cross section of
the accelerator building. ) .

The civil construction of.this tower is 100% complete. At present
work is carried out in two main areas: (1) the installation of the
elevators. (a temporary freight elevator was installed for the assembly
of the accelerator column) .and (2) the electromechanical 1nstallat10ns

that would provide the services for the accelerator.

Experlmental areas
Experimental areas were given the utmost importance by the research
physicists. The main considerations that when into the design were (1)

size aad shape, (2) number of rooms and (3) access. The layout has been
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,arranged in a way to keep as much area as possible avallable.aroundthe
" base of the accelerator for beam lines, a110w1ng at the same t1me easy
access from the control, data handllng and services areas.

The experimental area occupies approximately a 270° sector; The final
design, shqwﬁ in Fig. 5. consists of two, all purpose, shielded(partly:
tby concrete and partly by an earth embankment) rectangular'rooms_ep—
Aprox1mate1y 22:{23 meters in size, occuping a 180 sector‘cf ‘the floof
area, These rooms have the possibility of being equlped w1th overhead '
‘cranes if necessa;y. Two access doors, with removable concrete blocks,
‘directly‘ccnnect these areas with an outside road, providing the neces-
sary entrance space for future heavy equipment such as a magnetic spec-

trometer, | v
| A heavy shielded area for high radiation experiments is also avail- -
able- This room has been planned to eccomodate part of the on line'eiec?.
tromagnetlc isotope separator fac111ty. In addition there are two e
sh1e1ded exper1menta1 areas for off line use, these can be latte; shleld-.
ed and equipped for on 11ne work.,

Finally there is an. experlmental room in the basement d1rectly below
the 90° analyzer magnet. It has been designed for studied with heavy
molecular beams focused through the 15° port of the magnet. :

One of the two main experiﬁehtal areas is now ready to start receiv-
ing experimental equipmeént. The other main area will be ready by April
1982, o

Plant Areas and Support Laboratories

The control and data handllng fac111t1es are located in the ground
level with direct access to experimental areas, gas handling plant and
tower enfrance. It has been designed so that the area can be easily
divided into separate functional compartiments. | ‘
‘The ges handling plant is located on two levels .(ground and fifst
1floor) so as éo locate the vaccum pumps'aS'CIOSe to the tank as possible;
. Due to its ncisy operation the plant'hes been acoustically separated from
the resc of the building.

The upper floor accomodates the support laboratories needed in con-
nection with the accelerator activities: electronies., ion eource develop-

‘ment, target preparation, detectors and health physics. Office space is



provided throughout these levels, its destination being mainly for ac-
celerator related personnel., Figs. 5 and 6 shows layouts of these two
levels. Finally, a separate building, across the street of the main ac-

celerator building, will house the main shop and storage area,

Services

The installation of the services for the entire accelerator building
are proceeding at a rate consistente with the civil works, and with the
exception of the air conditioning, they will be'completed by April/May
1982, The air conditioning is expected to be completed by July 1982."
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1.4 The Pressure Vessel and Storage Tanks for the 20UD

Accelerator

- N.Fazzini,'H.Gonzalez, J.Nicolai and R}Requejo

Pressure Vessel :

The aoeelerator is enclosed in a cylindrically shaped pressure vessel,
7.6 min diameter and 36. 3min helght filled with 100% pure sulphur hexa—.
fluoride (SFg) as insulating gas. The vessel is made of steel 28nm1th1ck
de51gned to work at a max1mum of 10 Kg/cm absolute pressure. This' is -
2 kg/cm above the operating pressure specified by NEC to achieve 20MV -
in the terminal, thus having the advantage of not beiné severaly tank |
limited in reaching voltages above 20 Megavolts. | |
Due to its size, the vessel was field fabricated, and one of the.

features in the choice of its maximum working pressure was the avoidan-
ce of a-difficult and expen51ve on site stress—relief treatment. Access
for normal accelerator service operations is prov1ded through five ports
in the tank. Access to the annular service platform takes place through
three side-manways Another port, 1ocated on top of the vessel, is used

for ventilation (together with bottom port), and for lowering heavy -
' objects-to the annular service platform. For'assembly‘of the column
Astructure and'major service operations a large port is provided on top
of the vessel. In addition there‘are many smaller openings dealing with
the requirements for viewing windows, cable entries, light links, probes,
etc. ' - ] v ) ‘ -
| The tank is supported by a skirt which has the capability of raali=:

gning the vessel if necessary. This skirt was designed to carry the‘weight
' of the tank plus the weight of 1500 m3 water during the hidraulic test.
The overoll weight of the pressure vessel (without gas) is 310 metric.

tons.

Storage tan's

Two spher1ca1 containers are used for the storage of the SF6 gas. Each
sphere ‘has a diameter of 101nand a volume of SZOnP They are rated for a

max1mum worklng pressure of 23 Kg/cm absolute. The spheres were made of
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steel 31 mmthick with a design temperature range of 20 - 80°C.

These tanks were also field fabricated by welding several pieces of
pre~fabricated steel. They were hydraulically and pneumatically tested
according with the standards in use. Forty tons of SFg are now stored
in one of the tanks. The filling operation had to be done with tempo-

rary piping in order to meet the delivery schedule.




a.lé

I.5 Design and Construction of the SF¢ Gas Handling System

N.Fazzini, H.Gonzélez,'J.Nicolai and S,Tau

The gas handling.system-can be.divided into two main sections: (1)
the SFg transfer system and (2) thé recirculation and purification

‘system.

SFg_Transfer System _
The main features of this system are that it makes use of gas storage,

as oppose'to;liquid storage for all other plants of this size and that it
'is an oil freefsystem. A study made by CNEA in this respect showed that a
both liquid and gas storage systems are equivalent in price when operating
costs over a 10 year period are taken into account. Gas storage wes chosen’
since it has the advantages of being a simpler, more reliable and versa-
tile system. A ' |

The main components of the system are the vaccum pumps, the compressors

the charglng system and the storage tanks. A block diagram of the system

is ghown in Fig. 7.-

.
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Vacuum Pumps

" There: are tmo groups of pumps. They-have,oeen purchased from Leyoold—
‘Heraeus, West Germany. Each group is'compOSed of the following five
. punips': | , | » |
2 x WAU- 2000 (7,5 Kw)
1 x RAV 1000 (18,5 Kw) |
1 x RAV 1000 (15 Kw)
1 x RAV 250G (7,5 Kw)

All of these.are RootsApumps, the RAV ones modified to work against
..atmospheric preSSure This allows the system to be free from oil conta-
mination. The pumps ‘were supp11ed with their own control system, and its
noise during operatlon w111 be reduced to 85 dB using silenciers and
“acoustic cases. The accelerator pump-down time for SFg combining the
capab111t1es of the two groups of pumps, is less than 5h in order to ‘

get from 1atmto ltorr inside the tank.

Compressors

Two identical Norwalk compressors with non—lubrlcated cylinders will
be used, They are rated for a maxrmlmidlscharge pressure of 21 Kg/cm2
;hav1ng ‘a. variable suctlon pressure of 1-10 atm, and a piston dlsplacement
of 540 CFM Each compressor requires up to 175 HP of electrical power and
'50 GPM -6f cooling water for the inter and after coolers. Another small

compressor w111 be used to rec1rculate leaks into ‘the main compressors.

Charging System

It consists’of a manifold where the SFg containers will be connected. A
heater is located between this manlfold and the storage tanks in order to .
compensate the temperature drop caused by the expan51on of the gas. In ad-
dition, there is a by—pass wh1ch connects the charglng system with the
xsmalll"leak compressor" hav1ng a maximum discharge pressure of 21 Kg/cm
to the storage‘tanks The first step of the gas charging procedure can be |
accomplished w1thout us1ng thms compressor After equallslng the pressure

' between‘storage tanks and contalners, ‘the small_compressor is 'used.
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The recirculation and purification system
Drawings and components of the recirculation system for purification ‘
and’ refrlgeratlon of the dielectric gas were. contracted from NEC. A

'block dlagram is shown in Fig. 8,

" esionuce wareo |

o0

nmmmuzm

| S S

() SF, OAS HANOLING PLANT FLOW SHEFT (Yacuwn punps [compwessors and sioroge tanks)  ~

~ Fig. 8

The system has two turbocompressors which c1rculate a continuous
amount of gas through alumina absorption beds. These dryers remove the. .
moisture present in the gas in addition to' the gas breakdown products.

Before re1n3ectlon into the tank the gas is cooled in a water ope-
rated heat exchanger in order to remove the heat produce by ‘the electri-
cal components 1ns1de the tank. .Finally, the gas is filtéred before
being passed back into the tank, The system has been deslgned with two
dryers: whlleone 1s in operatlon, the other can be reactivated by a hot

air current at 400 °C.,

Constructlon and Assembly

Plplng for the system has been 1nstalled accordlng to the requlrements
of the welding standards in use, The contract spec1f1ed 1007 . X—rays,
hydraullc tests and cleanlng procedures This job 1seomplete1y finished

involving a total of 25 tons of pipes of different sizes.



The two groups of vaccuﬁ pumps, ,the compressoré and all the components.
" of the recirculation system hﬁve'already'been‘pbsiﬁioped and'iévelgd;thia
was a major job, due in particular to the weight of the components (13
tons for each cbmp;essor). |

In addition, electrical work,ié_being carried out'fhe installatioh of
trays and cohduifs for wiring is 90% complete. 2anels and‘console‘for

the plant operation are ready for installation.:



I.6- . A M1cro—computer Based Control System for de ZOIH)Pelletron,

C Hlnton* M Meyers* C.Pauly*, R.Rathmell#* and S.Tau-

The ZOIH)column has relatively complex equipment'within the terminal
and dead sections 1nclud1ng electrostatlc quadrupoles, electrostatlc R
steerers, and offset quadrupole trlplet charge separator, vacuum pumps,.
electron traps, f011 and gas strlppers, and other components. Because of
its complexity. and the length of the column (approx. 16m from ground to
termlnal) it was concluded that a d1g1ta1 communication link would be
required to provide the smooth high resolutlon control needed for the
1on—opt;c components and to provide a reliable system to monitor the
large number of parameters. To further ensure reliability, some basic
components such as foil stripper and the terminal matching quadrupole
have back¥up control via control rods to allow limited operation in.the -
event of a failure of the digital system.

: Digital communication is impiemented through a CAMAC system which is
1ntetfaced to a DEC 11/23 mlcrocomputer. CAMAC was spec1f1ed because it
~is an 1nternat10na1 standard for computer interface equlpment,Aandrepalr,
replacement, and additional equ1pment would be readily available. Anotlier
significant reason for choosihg CAMAC was the experiencie of the ORNL and
JAERI tandems'whichlhave demonstrated that CAMAC equipment is reliable in
a well shielded enclosure inside the accelerator column.

The computer prograﬁs are written using PASCAL with a small amount of
assembly - language There are four major programs of which three are
utility support and the fourth is the Real Time Accelerator Controller.
Central to all software is a database which completely defines each para-
meter in the system.

" Within the aoeeleratot columﬁ, the digital system is implemented with'
a 13 slot half-sized CAMAC crate in the terminal which communicates to
the outside via a 5 MHz bi—phase encoded bit serial highway using line-
of-31ght digital light links. ‘

The ‘individual dead sections are less complex than the terminal and
_in some cases they contain only electron traps and ion pumps. They did

not;‘therefore, warrant the cost and complexity of individual CAMAC crates,
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The external control system con81sts of a CAMAC crate and 1nterface, :
aoperator 1nteractlon equlpment, and the m1crocomputer. ' ‘
v ; The m1crocomputer ‘has 64K bytes of memory, firmware floatlng p01nt
Af,arlthmetlc, two .5 Mbyte "floppy discs, LA 120 line printer, and a VT
';100 CRT. The operatlng system is RT~11, '

The: operator interaction equlpment is a color CRT, keyboard two
as51gnab1e d1g1ta1 shaft encoders, 8 asslgnable analog recordlng Jacks,
-4and a status control ''DO- IT" button The color CRT is an Intercolor
'8001° monitor with 64 foreground/background color comblnatlons. It comu-
n1cates w1th the computer via a 19.2 Kbaud RS232 link. The d1g1ta1 ‘
;encoders have a.sixteen'bit reglster which, when assigned, is preset ‘

- to a. parameter s Current control value and is incremented and decremen—
-'ted by the correspondlng knob mn the console. Each encorder has a
1rprogramable max1mum data. 31ze .of 8-16 bits with under and over flow
hv11m1ts and a four p031t10n sen51t1v1ty selector. The meters have 1-3-
10-Volt 9P§1¢S'W1th over—scaleg;ndlcators and a two d1g1t.range dis-
play:fOrfautoranging'parameters. The'analog'jacks are digital-to-analog ‘
outputs for attachment to external meters or chart recorders. The DO-IT '
vbutton is used to act1vate/deact1vate toggle or momentary swmtch type '

controls.

'-*yElectrostatics»International, Inc., Middleton, Wisconsin, U.S.A.

"_I.Z',i_ ffAutomation-of.a Heavy-Ion Scattering Chamber -

' D.V.Camin, M.E.Satinosky and J.E.Vieiro

' One of the'experimental facilities of the‘TANDAR‘Project‘is’a heavy '
ion scatterlng ‘chamber. Inside the. chamber there are three concentric
p1ates whlch are used to hold detectors, In its center an array of elght

.dlfferent targets is located The plates, targets and the. body 1tse1f

';hvcan be moved remotely

A m1cro—processor based system controls both a11 the movements and
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the man-machine interface.
In Fig., 9 a br1ef sketch is shown, The control un1t is an Industrlal :

Controller Chassis from INTEL. A floppy disk drlver is. used as a mass

gstorage.
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A power unit. drlves the motors. Shaft encoders are used to accurately
measure the position of the plates and the chamber..
The operatlon is fully programmable. A console located at the data ac- '

qulsltlon room permits the operator to enter sequence. of commands for‘

programming.



a.23

There are thrée operating modes: . , .

1. Posi#ion and time: in this mode each plate is positioned at a certain
angle during a given time. | - _ |

2, Position and charge: this case is similar to mode .1 with the exception

‘that the measurement at each position finishes when a'certain émountof

charge is collected. |

3. Position and external.signal: in this case an external signal will trig-
ger the plate to the néxt,posiﬁion. : ' B _
In all these operating modes any target can be seleqﬁed. In the experi-

mental room, near the_chamber; a panel allows a complete ménual opefaﬁion

" to ease the set-up of the experiments. A conversational ianguégevis used

to facilitate programming,

At_the moment the first prototype is being completed. The‘final version
will be ready in mid 1982, L -

1.8 " Scattering Chamber for Heavy-Ion Reactions

D.Otero, A.N.Proto, D.Napoli and J.C.Rodriguez

An over view of the scattering chamber is shown in Fig.10. It consists
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of a main body of 680 mm diameter and two armsl) where large area detectors

can be iﬁtroduced'for'TOF‘measurements.lThe‘arms‘can rotate in the reaction
plane by t'43°¢ontihuously relative to the beam direction. Also the angle
- between the arms can be varied from 36°to 180°in steps of 5 degrees.

Inside the chamber two plates and an arc out of the reaction plane allow
to use detectors inside the main body for ‘Z, E 1dent1f1cat10n and for evapo-
‘rated part1cles determinations respectlvely The targets (up to e1ght) .are
supported and moved from the upper part of the chamber. '

The ‘vacuum system is composed by three- turbomolecular pumps (of 450 2/

. seg). One is setted under the target, and the other two ones, on each arm.

The movements of the plates, the arc and the chamber as a whole are com-

manded authomatically .from the control room (see I.7)

1y Wwe ‘thank The Welzmann Institute for the helpful information sended at the

beg1nn1ng of this project.

I.9 ‘A CAMAC Based Control System for the Electromagnetlc Isotope

Separator (Nave Project)

D.Camin, J.Mdnico, M.Satinosky, and S.Tau

Considering the new emplacement of the isotope separator close to the
20 UD Tandem, an entirely new control and monitoring system was conceived.-

A simplified_representation is shown in Fig 11. The system is built
around a CAMAC serial highway driven by a-microprocessor based aotohomous
crate controller. ‘ }

As the ion source and 1ts power supplles are 100 kV off ground potential
.a fiber optic link is used for the ser1al h1ghway. This w111 assure proper'
isolation and very little w1r1ng between the control console and the magnet-
'-1on source areas. '

At the control console one CRT termlnal w1ll permlt to assign four para-
_ meters to a set of two assignable meters ‘and two assignable knobs.
Also 24 lights and'switchesvwill provide direct control or monitoring on

selected power supplies and'auxiliary devicess
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The hardware 1nc1udes three CAMAC crates, 24 CAMAC modules, one control
console and a CRT terminal. A printer and a floppy disk driver, for mas-
sive data storage, could be added if required.

CAMAC was choosen because it is an international standard for computer-
orientated modular interface systems. Also it is used extensively. in other
local projects as de Data Acquisition System and the control system for
the 20 UD Tandem. Software will be developed using tﬁe real time BASIC
resident in the autonomous controller and the micropocessor aesembly 1an—
guage (INTEL 8080). .

.~ A PROM operating system with f11e—organ1zed software, ed1t1ng and macro-
assembly capability, will help to write the programs. ,

~This facility is avallable on two CAMAC modules to be pluged in the

console crate . Test with a simplified system will begin soon and it is

exﬁected to have a final version by the end 1982,

1,10 . 16 Inputs-16 Bit Digital Multiplexer for HP2116B Computer

A.Barragan and D.V.Camin

The old HP2116B computer will have a place in the Data Acquisition
Syetem'df the TANDAR Project. In order to improve its input capability,
the development of a 16 input digital multiplexer was decided.

A block diagram of the multiplexer is indicated in Fig. 12,

There are two buffers per each periferal device. The first set of
buffers are loaded simultaﬁeousiy when an enable signal is generated. This
" signal is provided by the computer. , »»
The gate signal, also coming from computer, loads the second set of
. buffers freeing the first set to be 1oadedAagaiﬁ.

An output bus built with open collector gates permits, under enable
signal control, loading of the Input Register of the coﬁputer with the
buffers content. This reading’dperation under computer control can be

performed in two different modes:
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CONTROLATED MULTIPLEXER

Peripheral l

devices ' Buffer I Buffer I Output |
%0 [7Data 77 %0 |~Data %0 | %0 YL/LL |
4 HP
.- % [ 2168
L ], 7
%1 [Z0ata77) #1 [Zbalar7) w | ) 227 |
' P f@ et
%2 Zbaa 72 w2 DalaZ ) %2 | %2 P2 é
. T : ‘ 8 |
i 11
! 7]
%15 [ZDataZ X %15 [ZZData ®15 | %15 7777/
B l L ! L |
%
| | 7
Er)able Gate En 0 %151 | I %
_CONTROL %2 2
%

Device control
T

|
|
,I Penpheral devices En. 0 % 0
I

-_control Selective word

L_._%._.;_._ ..... o

Indication of which ]'
peripheral devices Automatic |-

({( are loaded Selective

Fig, 12

1;_$e1ectiVé feading: the computer .selects at random which buffer is

. read..

2, Autpmatic.mode: all buffers deposit its content sequentially.

A special counting circuit was developed to skip those buffers corres-
-ponding to unconnected 1nputs A set of 16 sw1tches located at the front
panel selects the inputs to be Sklpped In this way time is saved as only

buffers with significant content loads the computer,



‘a.28

I.11 Interfase for communication of a HP2116B and a PDP 11-34
- computer ' S

D.S.Camin and D.V.Camin

The use of the HP2116B computer in' the Data Acquisition System of the
TANDAR Project, demanded development of an interface to communicate with

the PDP 11-34 used as front end computer.

The circuit connects output with corresponding input registers of both

‘computers. .
Optical isolation wés used to avoid ground-ldop probiems. ‘
The use of locally available op;ic‘couples‘reduired special éare in
biasing them to transmit with good shape pulses of 1 us width, keeping
on with maximum delay design requifements. Fig..13 shows de circuit

diagram.

POP11-34 " INTERFACE " HP2116-B
DR1K 5V CONTROL SIGNALS ’ ! 12V 16 BIT DUPLEX

+45V g REGISTER
5V o
g A 1R (Wired Or) } ;
+SV A s hf
10A Optocoupler
+5V +5V
- EDR +5V
% L j } : “2v ~LSV
sl B E0A { COMMAND »
- "| ENCODE

: +SV ' 2V LSV
6 .
: : / 16 ¥ 4‘,_L
_D.L\ﬁ v / AWA
. OUTPUT

/ 4w
INPUT % \17
REGISTER REGISTER - by

oSV . ' '
. ‘J“'_{_I<‘) ®y 1 e y
~ 4 - OUTPUT
' INPUT B £ . TeR |
T . REGISTER l { - % . [REGISTE '
i ‘ ' o

FLAG
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Hardware for the Experiment Controller of the Data-.

Acquisition System

E.Achterberg, C.A.Bolafios, D.V.Camin and J.E.Sinderman

The interface between the signais coming from the experimentai rooms

and the computer consists of a hardware system, a block diagram of which

is given in Fig. l4.

. 64

ADCs Enable | o TCAMAC
G b4 - NAFS | DATA
- o a X WAY
.64 Master Expenrr;ents ——\—N—:——
Gates . panel decoder R
(descriptor) 6(.x64 B s
3 W . :
—|Z oo}
o3B[0 ]E
JSREE
3 T
- Strobe ZNFS
» - - LAM_QX
ADCg¢ Status and< Control W
configuration module |—<+—]
Valid exp<erim.ent ' |
N

‘Fig. 14

This system is intended to "filter" the patterns of gate signals

(descriptors) in order that only previously defined comhinations (ex-
periments) are analyzed by the computer.

Up to 64 gate signals can arrive at the master panel where a

phasing process is performed. Once all the signals are in phase, they

enter into the 'bxperiment decoder". This unit is equivalent to a set of

24 remotely programmable coincidence/anticoincidence circuits, each



with 64 inputs. In its implementation, decoding with fast bipolar RAM's
has been adopted. ' _

In this way up to 24 different gate patterns can be detected. When
one valid event (or experiment) is detected the experiment decoder,
which has been built as a set of threé CAMAC modules, generates a LAM
which inte:rdpts thevcomputer. It also provides, via R lines, the
information of which out of the 24 possible experiments has been detec-
ted. ‘

Another important function‘is performed in the master panel: as soon
as a "valid experiment" is detected, the ADC'S involved with that ex-
periment are enabled and further gate signals to them are blocked.

Once the computer has read the ADC's, it enables them again for a
new conversion. , 7 |

The control umit, bﬁilt also as a CAMAC module, generates‘coﬁtrol
signals and managés the selection of a master strobe signal, generates
the LAM etc. '

The reaction time of the experiment decoder is about 100 nanoseconds
and so a fast counting rate can be achieved.

Provision has been made to easily expand both the number 6f gates
and the number of experiments selected,

At the moment a prototype capable of receiving 16 gates and detec-

ting 8 different experiments is being assembled,
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“I.- IN BEAM SPECTROSCOPY

Tl In Beam Study of S0y

= 'M: Davidson , J. Davidson', A.J. Kreiner and C. Pomar. -~

| ‘RUntilinow”86Y7has only"beenfscarcely studiedl)f Three low épiﬁ”stétes‘

v ;were observed through the electron' capture .decay of 86Zr, namely '2“

U (262.8 kW) 1 (271 9 keV) and (h (8839 kev). In addition a high spin_‘:'

ulsomer1c state w1th fW—B at 218. 3 keV and its gamma decay through an IﬂLS
state to the ground state is known Since the lowest lying single particle 1
"U_states are 2p1 and 1g9/2 for proton and neutron respectlvely (as seen in the:7f
'ground states of ne1ghbor1ng odd Y and Zr), .the ground State of 862 is -
' 'jexpected to have sp1n-parity 4 according to Nordheim s strong rule. This:“’
assignment,was confirmed by Yamazaki et alz)_through a study of the EC+@
h.&ééay«bf §§§Y; Low 1y1ng posit1ve par1ty h1gh spin states are likely to
m,exlst 1n doubly odd‘Y nuclei s1nce the'“gg/2 exc1tat10n es known at low"_
energies 1n odd mass Y isotopes The 'structure of the I“;8 metastable state

3)

6Y was 1n fact interpreted by Kim et al as a member of the

ngg/é*x v 3g9/2 multiplet Recent experimental work has ‘revealed several
v_h1gh spin states in B Y. [Ref 4], 7Sr [Ref 5], and 88Y [Ref 6] originating'
bbinhi. ' (weak) coupling ,65' gg/z’,protons ‘and/orT neutrons with .the
‘corresponding core excitations These resultsf'as( we11' as " the lack of
Ainformatlon concerning‘similar states in»SGY gave the’ motivation for thed
’present binvestigation through 1n beam gamma-ray 'spectroscopy technidues:
1-following the' Rb(d Ihl ) reactlon. -Figure. i shows ‘a partial singles

hf;gamma—ray spectrum from this reaction ‘at 50 MeV bombarding energy, whereé the,

exc1tat1on curve of the strong (already known) 208.1 keV 1ine is observed to;



b2

reach. its max1mum. Thls tran81t10n is by far the strongest line of 86Y‘and
seems to collectp 1004 of thev (J‘ 3n) cross section. Another strongly
'competing”reaction is the (,2np) three‘particle channel leading to.86Sr;h

.

e .
- Q00"
CHANNEL NUMBER

"Figure 1§
Singles gamma-ray spectrum from the 5Rb(d:xnypzﬂ)
e reaction at 50 MeV Llnes are labeled accordlng to

- 'theirjorigin...‘“

‘Theflevel schene proposed in thehbresent‘uork'fénd'basedcon singles;
:gamma—gamma coinc1dence‘and angular distribution measurements, iS‘showntin’
f1gure 2 ..NOne.of-the“trans1tions (except the 208.1 keV 11ne) have been
:seen before. Perhaps the mostvlnteresting reature is the three-gamma—ray
jpcascade tormed by the 226 4 1125 4 and 129 7 keV 11nes. All three.show"

aangular distrlbutions w1th negatlve an1sotropy wh1ch has. been taken as an_
- 1nd1cat10n of dipole character..The lack of crossover transitions (which is
a surprising fact) suggests an‘increa51ng Spin sequence. The 1= (9) level atr:
:?444 7 keV mlght be assoc1ated"uith .'he:_max1mally a1igned' state' oﬁ;

h the11g9/2 P Vg9/2 configuratlon; The next level 1n the cascade depopulated

by;,the=_1125,4 ,keV transition.lmight represent,”the coupling of the state



o ' ' o 86 ' :
'vdlscussed prev1ously to the f1rst Lxc1ted 2 state of Sr (a natural ch01ce

o

jffor-a core);g31nc ?thls state 11es al 1077 keV 1t has the r1ght energy to‘"
,;allow such an 1nterpretat10n. However, a dlsturblng c1rcumstance 1s the lack3

ufofja3c;ossoyer' tran31t10n from the (10) to. the 8 state whlch should be °f1i

,ﬁeollectivejnature;;
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ﬁi‘ W2 In Beam Study of 79Kr

‘,.

A . . ; I8 s
M Behar, A F11ev1ch A O Macchlavelll and L Szyblsz .

s In the present .work we. have re1nvest1gated the .79Kr, through the
‘:788eﬁi 3n), by performlng -gamma 31ngles, gamma gamma coincidences, angular
‘idlstrlbutlons:and'timing measurements us1ng the DSAM technlque. As a.result:
a ‘more complete level scheme was-obtalned -see figure l—. The improvements
liover previous measurements arevthe follow1ng ‘ | "
- ‘)' In the case' of the negative par1ty bands prec1se energy and gamma
_'1nten31ty measurements of the cascades (some of - them.new), crossover and
‘interbandvtransitionsihavebbeen‘eStablished.fThesermeasurements allow-us toi
ideterminelthe:values 5f’a‘ﬁﬁmbe£*of parameters“pertinent~to a'rotational
'model‘ In particular for the K—ﬁiband‘the decoupling‘parameter a was’ found

to be negligible and the uant1ty [(g g )/Q ] remalns constant w1th1n the
4 i G S

"'zexperimental errors g1ving an average value of 0. 45+O 05 For the K~5/2 band

the corresponding [(gK gR)/QO]ﬁ value is of order 10 3'and consistent-w1th'”:

zero, which 1s in agreement w1th the measured g-factor for the K-5/2'\‘*'

tbandhead Therefore 1t s expected for this band a h1ndrance of - the M1

r

"',hcascade transitions Due to- this fact the crossover trans1tions are favoured_'

-”and thef302'53keVrline'shows a stronngZnadmixture
:b) With respect to: the p051tive parlty states, ‘we have shown conclu31vely’
,;that the 827 2 keV transition 1s in c01ncidence with the 19. 2 keV line [as

. 1) .

it was assumed but not proved by Clements et al on the other side we

ihave clearly 1dentif1ed the unfavoured 11/2 and 15/2 states. The lifetime .
:of the;3L46 keV level{was measured and_the;result,was.CZl.S pss while the
ﬁ‘r,e'a‘iétea' 'vaméi-is c=0. 13'-~psf.f | - | o

. By applying the leading order;theory an overall.agreement is obtained

for the negative parity bands, as well as in energy spac1ng and sp1ns. For'
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the positive band it is necessary to include a Coriolis coupling calculation
which again shows a géneral agreement. However from the results obtained in

)

v

this work it appears that this band is only partially decoupled instead .of
being fully decoupled as suggested by Clements et al.1

¥

* Dep. Fisica, Facultad de Ciencias Exactas, UNLP and Fellow of CONICET,

Argentina
1) J.S. Clements, L.R. Medsker, L.H. Fry, Jr, and L.V. Theisseﬁ, Phys. Rev.

C21 (-1980)1285,
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Ti and the Empirical (f7/2)n Model

I.3 High Spin States in
M. Behar, A. Filevich, G. Garcla Bermudez, M.A.J. Mariscotti

and E. Ventura.

4

]

Ti nucleus with two protons and one neutron hole outside the

1
i

‘ The 49
doubly magic Ca constitutes a very good test for shell model calculationms.
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'_,In this reglon rather complete (lf7/2)n calculations‘ were performed by

fQIKutschera et all); They made def1n1te pred1ct1ons about leve] schemes and

'the1r-propert1es for all the 42&A~54 nucle1 In particular for 49T1 the
,p031t30ns of levelslw1th splns hlgher than 9/2 and the propert1es of -their
!‘decayrscheme-arevcalculated. From~theiexper1mental point of view, desplte
extenSive lnvestigations through (d,p);(t{p);(n,X) and (d,t), only low spin

2)

states have‘been,reached;,on.the’other hand Andersen'et al

5QV(t;O()-reaction'presumably:reached‘high—spin levels but they were not able

using the

to;make,spln‘assignments.

. yﬁOEiQQfe&' by'fthe‘ model ' predictions and the lack of experimental
informatlon;f me.phave,;nsed’athe- 48Ca(§7<;3n) _reaction to Apopulate high—spinA

bstares'inzlngi*:lﬂ R |
; lhe‘i,measurements | were ,fcarrledi 'out using the Buenos Aires
lSynchrocyclotronlfrom~which-an;alpha particle beam is available. Excltation
"fnnctions:(inpan-énergy rangeibetween 36 and 55' MeV), coincidence, arnigular
dlstribntlon;? andv lifetime :measurements 'were performed. - From these
o e;periments a)‘thellevelvsheme of.figureyl is obtained b) lifetime.limits‘
'of the highest ly1ng levels have been deduced and c) mix1ng ratios of the
gamma—ray tran81trons were extracted The present results are compared w1th

1)

and a very good agreement is obtailned
49

:the calculatlons of Kutschera et al
'_;[figure 1 b) and ref 3], 1ndicating that the hlgh spin levels in “Ti which

have been populated in the present reaction are essentlally shell—model

-states very well descrlbed by the empirical (f7/2)n model

. ’

1) W. Kutschera; B.A. ‘Brown and K. Ogawa Nuovo Cim. 112 (1978)1

.2) S. A Andersen, O Hansen, L., Vlstisen, R Chapman and S. Hinds Nucl.
' Phys Al25 (1969)65

.3) M. Behar, A. F11ev1ch G. Garc1a Bermudez,.M A.J. Mariscottl and
E Ventura, Nucl Phys. A366 (1981) 61.
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I.4 High Spin States in the doubly odd nucleus 72Br*.

é. Garcia Bermudez, C. Baktash**”‘A.J. Kreiner, and M.A.J.
Mariscotti. )

High spin states of 72Br were investigated using the 58Ni (160,np)
reaction in the 40 to 55 MeV bombarding energy range. Thé beam was delivered
by‘the Brookhaven National Laboratory Tandem accelerator. The target was an
enriched Ni foil of 1.5 mg/cm2 backed with 8 mg/cm2 of natural lead to stop
the recoiling evaporation residues. Excitation functions of prompt
gamma-rays gnd radioactive yields, measured with Ge(Li) detectors
established 50 MeV as the most suitable beam energy to perform the rest of

i

the measureménts. A singles spectrum is shown in figure 1. Several cross

bombardments (using the 40Ca(35Cl,x) and 28

Ni(lgF,x) reactions) as well as
activity measurements were done to further strengthen the isotopic

assignment.



Flgure 1

Ol x ‘smno’o

Llnes 1dent1f1ed with dots belong ‘to 723r. 

1800

T l T ‘ T T
SOTNG. : 5 _
sl g <lg
SN R . (sv )vooon{r H%
*806b 12 X
: R :_J g %1
I~ : : * s Kl
(955,) G — ';: = &
(s ; e
el ¥ 3” «GBEL ™ - 1
. . : o g o
£ = (sv),) L'v26 < |,
;;"* 3
(svy )31706 -
: g : : 8
e ES
o (3S3,)0298 el S
-~ -5 . : (Sveg)zvg ; 49
> o . ..x;:“ 9
= (98,) 0'0€8 d\
R4 18 o %48
3 18 g0l8 =7 3
& o 3
5 Cegeia 2 o . ile
-8 0012 —~ :g_ R <] (9S3,) 9vLL u# 43
Yo s | | &
' + 0’052 -iqh"“" ' 4
. ' o T e
L o : —H4O. 2 o]
: @ o
L ' - , (sv.L) vw_—a:;
: ' '5'03 Q- €e0L=<
i | é B ]
(455 9'121 7 £
. 2/ ‘c;—jgé A og%ﬁ%- o
- -S. Q' bl T . R ..'g -0
( v.L)_SJ_vJ | ) é g
_ O173I o I o .
B eSHIl ,~§, : -3
. eO'I0l,  «£'€0I: - : =,
| (SVgg)+ 8616 == = . { ,
- e )X 8 é 48
L P "53; i | L.z
o 0 ) 0 o) 0 o 0 o.
o - - o = = o

" CHANNEL NUMBER



b.9

2 = G N o m‘_& .
_m/w. . % M m % . o O
o X 2 o [T+ w
(22)0'v21]
= - w (15)2'86€
& ) = {09)00L2
~ " ~ Y
" 9 o (2))5°'899 .
o R o | ~[2
5 . SIS
& ™ (011952
) .
S
- (92) I'682 fm———==]
© A .
- " (9g)8'8L€
o
P (€2)5'622
‘BEV
N . ]
o @ © F
< Q
2 2 2
= o0 ~
_
(0£)6'52¢8
(961698
. (e 2Ll <
(€2)b"1Lb (98)5°pl1 m
. (6€)6'102 =
(9Nosel = | I o
(09)0'0S2 ‘ ]
(5918812 N
[ S
(S 8'06b ”Hg
(S1)6'26 ===
¢le o 3T Py

Figure 2

Bry, :

72
35



b.10

" The analysis of the gamma-gamma coincidence experiment revealed two
groubs of Weakly ‘connebted gamma—ra&s which together with the angular
disfhibution'ffeéultb :leads- to the almost completely new level scheme
presented in figure 2.

~A new isomeric state [T%=lbl3+0.6}"and 1 =(1—) at 101.0 . keV] and t&o
seta of»lgvels, most'likely of opposite—paritiés, have bean'eStablished in
the present work. |

In the heavier doubly 'bdd Br isotopes with A=74, 76 and 78 AI=l

1) No

'collectlve structures offfgg/z(g'Vgg/z parentage have been identified
such band has been found in the present case but it is not unreasonable to
think that statas related to the above‘mentioned intfinsic‘excitation should
also exiat ih172Br.lPoasibla candidabes afe‘provided by sbme of the levels
' shownbat.the right hand side-of figura 2. The new features of these;levela

as compared to those ﬁrevioﬁély knownl) are; however, presently not well

understood.

* 'Submitted;to Phys. Rev.C
** Department of Phy31cs, Brookhaven National Laboratory, USA.

1) G. Garc1a Bermudez, A. Filevich, A.J. Kreiner, M.A.J. Mariscotti, C.
‘Baktash, E. der Mateosian, and P. Thieberger Phys. Rev. C23 (1981)2024.
M.Behar, - A. F11ev1ch G. Garc1a Bermudez, and M.A.J. Mariscotti Nucl. Phys.

'A282 (1977) 331.
A.J. Kreiner, G.Garcia Bermudez, M.A.J. Mariscotti, and P. Thieberger, Phys.
" Lett. B 83 (1979) 31.
G.Garcia B ‘Bermiidez, D.H. Abrlola, M Behar, M.C.Berisso, J.Fernandez Niello,
A. F11ev1ch and M.A.J. Mariscotti J. Phys G6 (1980) L89.
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Q4
[.5 High Spin States in e

M. Behar, A. Ferrecro, A. Fi]eyich; G. Garcia Bermudez and

M:A:J. Mariscotti.

. .94 . Pos -
The low lying levels of "Mr¢ have been reasonably well identified.

)

) . - 1 . . -
Previous experimental works have established the existence of seven

positive parity-states, six of them well described as members of the

+

[ﬂ(]gg/z)%,V(ZdS/z)]']ﬁ =2 ...7+ multiplet and two negative parity states,

4 -1 ' T = - . .
ic have T 2 y Y =2,
which have f (lgg/z) ( p%) (2d5/2)] 1 =2 ,3 las tthr main
. , 2) '
configurations
High ‘spin states which arise ~from configurations like

[ﬁ(lgg/z)?,v(ZdS/z)] with seniority'three, involviné positive parity states
up to 13+ and tﬁose of seniority {ive [ﬁ(1g9/2)4(2p%)_1;V(st/z)] which will
lead to spin wup to 15" have not been previously ~observed. In nuclei
belonging to the same region (NSSOI and 2%43) - levels of the above
characteristics have beeén populated. 1n particular for Zch a number of
positive parity states of 1W up to 21/2+ described as the coupling of the
three g9/2 protons, énd at the same Fime neg;tive parity states of ITr up to
25/2" have been observed.

92

91Nb and Nb isotopes and

A similar situation occurs for the
stfikinglyu,ehqugh the " stretched configurafions 9le x”ds/2 give rise to

92Nb with remarkable

almost all the observed level configurations 1in
- parallelism to the corresponding ones, observed in le.
Therefore it is of interest to investigate the 94Te isotope and compare

93Nb u 5 3n)

its level scheme with that of 93Te. For this purpose we used the
reaction between 30 and 55 MeV. From excitation'functions, coincidences and

angular distribution measurements the level scheme shown in figure 1 is

‘obtained.



Avsearch fOr isomerlcvstates.with lifetine‘longer“than-a'few_ns was
-performed:bihefnaturalleOfns‘pulsing’of;theysynchrOcyclotron'Was-used‘to‘b
'stopAaTTAC uhich.was'trlggered by the‘gamma—ray-signalsrtron'the éamma—ray"
'_detector The 168 7 and 185 7 keV _gamma-~ rays show in add1t1on to .a prompti__

‘dlattlbutlon (T Sns) a,flat.background (aroundleA) ind1cat1ng that they -
are populated by an isomer with a.halflife SOns:ET‘EIO s. This meanslthat ati
' leaot the 1somer ]les at an cnergy higher than 2420.7 keV It is noteworthy,
.that in the same reg1on of the per1od1c table N250 Z 41 the Mo - and Nb
isotoneS'exhlbit_isomers W1th 40nséT%E40 s around 2.4 MeV-as in the present
case; | . |

v Shell‘vmodel; calculatlons of; QBTC. have"been vperformed by‘aseveral,
authors;:ln,all theicases the'flrsth38_protons and25Q protons'are'lncludea.-
in_ an 1nert core KAPositive' and ‘negative parity states are dueA to’ thedN
[(2p1) (1g9/2) I and [(29%)‘1(1g9)2)§]_protonAconfiguratlons respectively.
}‘These Vcalculat1ons"reoroduce“fairly‘ well _the .known experimental~'level'

4

scheme
93

By compar1ng the results of the ‘present exper1ment w1th those of Tc

one can observe that the stretched conf1gUrat1on for TcQ@J/d g1ves rise

5/2

to all the h1gh sp1n levels observed in the present exper1ment as is. shown '
fin figure.2>with;the exception.of the‘(lO ) 2234;9 kev level;”It.is likely

wthat;the 2234.9 keVTlevel arises f}dm‘g Tc dbl)hll/z configuration;:ThiSj

'stretched weak coupling scheme seems to be a common feature in nuclei near.

- the N 50 shell closure. It.is observed in the even-even N 50 nuclei and theffr

adJacent N 51 nuc1e1 and also in the 91 b 9 Nb pa1re The presentgresult

93

,-shows that th1s pattern ‘also occurs for the 94Tc— Tc. o

b

' 1) D E eraele and B D _Kerm Nucl Phys A320 (1979)353 and ref there1n
2) G Madueme and R. Arlta Nucl Phys.AA297 (1978)347

3) J. Verv1es“Nucl.Phys. Zé_(1966)l7
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1.6 Investigation of the "’ng/z X vgg/Z Structure in 76Br above I =9+

* *
M.A.J.Mariscotti, A.J.Kreiner, C.Baktasch , E. Der Mateosian , and

- *
P.Thieberger .

Previous work1’2’3) on 76Br has provided iInformation on a

quasi-rotational band, built on the 17g9/2 X Vgélz configuration, up to

= .
il

I =9 . At this spin value, (which corresponds to the maximuﬁ spin IM=jp+jn

resulting from the coupling of the valence proton and neutron), a change in

3,4)

the usual odd-even level staggering has been predicted . This prediction

¥
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. ) Ll) Co CL . . , \
has been shown to. be corrected in decays of other double odd nuclei, and
it is related to.thie fact that for 1T, the énergyfof‘the'ﬁucléar system is
incremented ‘é]most-iéxcldevely . by iﬁcreééing the state of collective
rotation, while for I<1M the orientation of the valence particles plays the
dominant role.

. THe preseht investjgation was uhdertaken with the purpose of‘reéching

. 76 ' o -
hlgher levels (171 ) of the‘t'g()/2 X ygg/z system. in Br and test the

> N 2)l .

) - 1 ‘ .
predjctlon in- thls nuc]eus To improve on the available work ’ done w1th

' 55 MeV aIphafpa?ticles, we habe used tﬁe'62Ni (160 né) reaction at. E 55 and
‘65 MeV‘prodUced in tﬁczBréothQCn»NéL%dﬁa] Laboratory Tandcm.'The result of
'fhis -and ‘éaflier wofk ;ar;‘ spmﬁérized in iigure 1. In addition to the
préviougly ,knowﬁ ‘levéiS'lénly-:evideﬁce ‘fof a "10+ and ‘(11+) ‘séate &;s -
obtainéd. Evidéégiy fhéfé is gtrong'éidé‘feédiné §0pulating;this band at

. 1»9;10‘\' ‘ 1 o |

® A .
W -— T 19928
L : o =
+ : 2R . :
0% ——— — 1510.9
o~
-9 T— 1119.8
© .
" . " L‘ i ) o h, . . ;; mm
. & . |
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6+ Q=
e B 356.6
. S
T 2447
. R R
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Figufe 2 shows the level staggering.in 7§Br)deduced'from the.data in"

tigure 1 and that'corresponding“to‘laBr from ref. 5. In the latterncase, a
change ot phdhe)ar 1=9 had already beeh p01nted out5 For 76 Br, the present-
“results also show a hteak. although a change of phase does not fully take
.piece. Thls'effect constltutes a novel. property of the structure of doubly
hdd‘nuclei which js\currently associated with the idea outltned above, +and
_has beeh adedﬁetelylreptoduced by the celcu;ations3). However, whiie the
relative -large 1sﬁéci’hgg for‘ the I7IM states ate. eaeily understhod, the:

‘ physical-bhenomenon giving rise to the repulsion of the IM state from the

rest of the'multiplét needs further analyéis.

o 30

L=
T 20}

[ u'J
. g’JOf

Figure 2

~While,cartying out this investigation, a-study by J.C. Wells'et'al6)
" came to our attention, which-reports on levels of,7§Br bopulated through the

6 / Co o . i
6 Zn(IZC,np). Our results are in agreement with theirs. In addition "they

| 1
report on several other side levels.

" % Department of Physics, Brookhaven Nétibﬁal Laboratory,‘Upten, USA.‘

1) M. Behar, A, Filevich, G Garcia Bermudez, and M.A.J: Marlscottl Nucl
Phys. A282 (1977)331. .



Z) W.D. oChmldt—Oft A.J. Hautojﬁrvi. and U.J. Schrewe Z. Physik A289
(1978)121, .
A.J. Yrelner, G. Garcia Bermudez, M AJ. Marlecottj Phyb Lett B83"
(1979)31 : - ‘

3) A.J. Kreiner and MgA.J. Mariscottf, Phys. Rev.lett;_ﬁl (1979)1150.

4) A.J. Kreiner and M.A.J. Mariscotti, Journai of Physics G(Nucl.Phys) é_'
(1980)L13. : ' o - :

" 5) G Garcia Bermudez, A. rllev1ch AT, Krelner, M A.J. Mar15cott1, .
Baktash, E. Der Mate081an, and P. Thieberger Phys Rev €23 (1981)2024,

6) J C. Wells, R. L Roblnson, H.J. Kim, R.O. Sayer, R.B.Piercey,
AV, Ramayya, J.H. Hamllton, C.F. Maguire, K. Kumar,R.W. Eastes,
‘M.E. Barclay, and A.J. Caffrey Phys.Rev.C24 (1981)171.

I.7 - In Beam Study of 2'Rh

-IA.O. Maccﬁiévelli; M.ABehar, A. Ferfero and A. Filevich

In qhe:p;esent wérk we'héve stqdied the.éxcited states of ngh.throﬁgh

‘the réaétiéﬁ 96Rﬁﬁx,2np). With thiS‘pugpose Qé“HaQe pérformed'éiﬁgieé.and
gémmaéggﬁﬁé :coincideﬁée experiments - together’ Vith. aﬁgular: distfibdtion ;
méaéureﬁents: As a #ésult a p;eliminar ievei'échéme'has Beeﬁ_constructed,
thcﬁ ia-;, ‘showh'in',fi'gﬁr; 1. No spin aési'gnnient" hévé been per’for.jme-d' yet sir}ce

the analysis of the angular distfiButiop data is in progress. -

3560.7
655.500 | 201.6(6)
———— 3055.8 i
2695.1
830.4(16) ,
933.8(13) ]1297.8017)
—y— 22254 ' .
761.9(20) : 19613 ‘
408.2(41) _ -
89.2(5] A 1863.1 Figure. 1 (
1463.5 .  Figure.l .-
857.7
0
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I 8 P0331b1e Answer to the 100 mRh Controversy
"J,’-“,

A O Macchlavelll, M Behar, A FJlev1ch, and M A J Mariscotti
The;4.7 min“isomer'inﬁlooRh hao been the obiectdof several studlesh‘
‘yleldlng contradrctory results. 1These are-summardzed dn,figure 1 (a); (b):
"and (c) The 1somer was f1rst reported by Slenlawskll)Ato lie at 339 5 keV
w1th T¥=(5 ) and fetdlng the known (from tht Pd dccay) srates at 74. 8 32.7
1 and 0.0 keV [flgure 1 (a)] A subsequent investigation by Kiselev et alz)'
d1sproved the ex1stence of a 264 7 keV 1somer1c tran31tlon and they proposedn
- the scheme shown_in figure 1 (h). The E3 multlpolarlty for the 74. 8 keV -
isOmerio.transition.of deelev et‘al was deduced from the gamma—inten51tyv-
assuming‘perfect total intensit§ balance. This‘multipolarity was:consistent
.w1th the hrev1ous a331gnment fﬁ_5+ for the isomer. .

In a ‘third investlgatlon, hohever, Babenko et a13) measured conversion
coeffieients¢and inferred that'the correct multipolarity of the 74.8 keV
tran51tion was M2 . and not ‘E3.. This 1mp11es £W= 4+'for the rsomer [figure t
~ (c)] This:rs-the,latest:report‘available-in the‘iiterature.‘It‘is'at’once
evident that‘the;existenoe~of.a 2+ state at 74.8 heV ES'incpnsistent with
thdSQresuitlsinoela~prombt‘E2—tran$ition to this state'shouldidestroy the.
"isomerism::'~f‘ : | | |
‘ - We wash to‘p01nt out 1in thls.note that a possible solution- to thlS
puzzle is. that 1nd1cated in - figure l(d) Since thertransition eneréy from
: the isodmer -to the 2 . state c01nc1des w1th that frdmlthe 2" to ground, the
“possibility.of a.douhle cascade inuolving two unreé61ved‘doublets”existSiV
lwith "such gamma;intensities that‘ the combined multiholarities'.for- eaeh
doublet gives an: effeotive" conversion{coefficient‘whioh-agrees with' the

3)

experlmental value\of Babenko et al
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In order to check this‘explanatlon for the true nature of the" 100mRh:. »
; isomer we have carr1ed.out a series of n@asurements us1ng the reactionsfd
: Ru(d 2np), ~ Ruqx 3np) and 10 Rh(d 2n) produced with the Buenos Aires
‘f;Synchrocyclotron.AThe former two reacthnS“3150 yreld 1OOPd (whlch decays
‘1nto }OORh) wh11e the'latter does not, so‘thatla‘useful»comparlson of-the
‘respectrve spectra could be made. 5pectra nere measured on-and off 1ine w1thv

a high resolution X—ray Ge(Ll) counter. No ev1dence for doublets was found~}

'.A1n the analy31s of the 74 keV peak and a: 11m1t onlE_200 eV was obtalned On:i:,

RS

T:the other hand the 4 5 i 0 3 min decay shows, in add1tion to the 32 6 andi
”ji74 9 keV peak a 11ne at 42 1 keV This result provides important evidenceb”'>
hcin favor of the hypothe81s above. Unfortunately difficultles in obtainingi
adequate th1n targets haue prevented us until ‘now from making an accurate :
:determlnation ,of.'the” 1ntensrty ‘of the v32 and 42 keV - peak If 'this'

- fmeasurement‘yieldS'the combined intensity values- shown in Table I, full




‘j‘épﬁsistency.wjllﬂhéVé béén acﬁievéd
Cand an M3 Line,
éimilaély:fhé.ﬁwo components,'El~and_E3,
..effecéivélCénvéréidn.coéfficient 6f’lO,J

o RN o oo L Y . +
experlmental.data and.at the same time are consistent with a 5
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the 32 6. keV peak w1ll conqlst of -an Ml
both yleldlng ‘an effectlve conver51on coeff1c1ent of ll
offthe 74.9 keV doubletvyleld an

‘These two values agree with the

"for the OmRh 1bomer
TABLE I,
E -} multipole " dediced idtensitiesl‘ effective conv.coeff f

; (keV)t -'gaﬁmé  -5.£otal deduced | meas
SRV b 2x10” 150 N

AR IR Tl R T A U P I I
42,1 | B* 14 38 b
S LA T 970 L
749 | ga gy " 10 12 3

a) Known

b) assumed

.7 ¢) Ref.3

We are grateful to E Achterberg for

his help 'in performing accurate

peak flttlng analysis w1th the program ANPIK

1) J. Sieniawski; Acta~Phys

Polonica,‘BS (1974)549

”2) B. G Klselev et al, Izv.Akad.Nauk.Ser.Fizika 42 (1965)823

3) V V. Babenko et al, Izv. Akad Nauk Ser. Fizika 44 (1980)1056

assignment -
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1.9 On liine‘Study of High Spin States in: "9%n

M, Behar; A. Ferrero, G Garcia Bermudez,,A;J, Kreiner, A.O.

‘Macchiavelli, M.A.J. Mariscotti and C. Baktash

Up to.noﬁ’the information'available on levels of lOORh“y_ras limited to

that'sobtained' from' the,‘looPd. (3;6“ d) Aand 1'OomRh (4.7min) decays.
.»Contradlctory ev1dence has been reported for the latter, and ‘a possible
answerlls provided 1nja separatepcommunicatlon of this Progress‘Report,l)

~ The on-line - study’p Was carried.»_outv‘ with the Buenos Aires
]synéhrécyéidtfpn.and the*Brookhaven National Laboratory Tandem hy-meansvof
'ﬁhé‘ reactions :99Rnci,2np) and l98Mo(6Li;4n); ‘respectively. Excitation'
fnnctiohs;' ganna;gamma coincidences,h lifetlmes ‘and angnlarp distributionsd
.were.neasuredl7Thefresults‘are somnarized in}figurenl. None'of the levels
fshonn wereihithertolreported The 1ntensity balance shows that the decay of
_vthe resldual ?nucleus feeds the (5 ). isomer in - 100 ‘Rh. D A halfllfe of
1/2 100 —lOns has been - determlned for the state at 111.9 keV above the
fisomer The level scheme follows the generally expected pattern for a doubly '
odd nucleus, that is, a multiplet of states lying lowest, (steming from the
different angular-momentum couplings of the valence proton and neutron) and
a; sequence of levels with increas1ng spins and ‘energy spacings roughly
~iconparable to’ the collectlve exc1tat10ns of the even-even core.
hlln'thehpresent case two sets of lenels seem to coex1st-sinceastates

vwith‘spin values I=6,7 and 8 appear twice. A'possible interpretation is that

-,this"is due_to the'existence of a dominant proton configuration ﬂhg/é’ and
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two competlng neutzon orb1ta]s,)1d5/2 andx)g7/2 Calculatlons based on. a. two
"_quaSL parthle plug rotor Hamlltonldn are in progress ‘frldh’g'”

B

x Departmtnt of Phy 1cs, Brookhaven Natlonal Laboratory, Upton, USA.

»l) A0, Macchlavelll, et al Paper 1.8, this report. '
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. 1,10 High.Spin Structure‘of 75Br'and the (N;Z)»Dependenee of. the .

. .
Nuclear Deformatlon in the Br Reglon

. : - *%
- A, J Krelner, M A J Marlscottn, C Baktash s E.'der_Mateosian s

EL
‘,and Pf.Thleberger-l.

"The.nuoieus'75Br has been studled through -the 62Ni(160 2np) reaction. A

4.5 mg/om- self supportlng cnri(hed 62Ni f011 was 1rradrated w1th an 160
beamjfromlthe‘Brookhayen'National Laboratory fandem Van de GraaffAin'the'
45—70 ﬁeV-bombarding energy:range. A‘pOSiriyé»and a negative parity band
- were establlshed up. to. sp1n (25/2) A new 1ow—ly1ng isomerlc (9/2 ) state
i l/2—39 L4 nsec) at 220 6 keV excitation energy, almost certainly ofifgg/é
» parentage, was found thus solv1ng the longstandlng problem of its location.'
Suggestlons were’ made ‘that the 9/2 (ng/z) state should occur at very
Alow~exc1tat10njenergy'(or even_be the ground state) in 73 753r due to- an
Alntreasing‘ deformation_ withurdecrea51ng 'neutron number. However, the
‘ :Iappearance of a 9/2 state as the band head for the g9/2.system (as is the.
case Jin - 77Br) has to- do with the tendency of :the I=j= 9/2 R=0 . totally
deeoupled .state to 11e 1owest for small prolate deformatlons and Fermi
levels below the J‘shell ) (i e. the 1/2 Nllsson orbit lowest in energy)
' : For 1arger prolate deformations orb1tsu‘w1th‘ 1arger projections on the.
symmetry ax1s 60—3/2 5/2 ...) eome nearer to the'proton Ferml surface thus
generating.states of:smaller totai angular,mbmentum,as the lowest states-of
( the 89/2 System. o ' | | | ,
A The value of the deformatlon, @ =0. 31 0. 02 f ;75Br'ektracted’from}thej

o fmeasured‘ halfllfe _of' the 9/2 ‘state is 1in. exeellentj agreement with the

’ systematiés obtained from neighboring even-even nuclei.

g

* “‘?hysri‘Reyr €24 (1981)148.d This -work was snonsored by CQNICET::from‘ o
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s Argent]na and the Nat10nal Sc1ence Foundatlon UQA _
{;** Department of Phys1cs, Brookhaven Natlonal Laboratory, Upton, UQA

; D.ﬁLode,-and w Pessara,'Z Phys 226 (1974)123.;

\}xf:TZ) F S Stephens, Rev Mod PhYo 47 (1975)43

T

~‘¢_l:ll'Evidence forfpredlctedilevél crossingsiin 7h97z qg V113/) ands in

o , I 4 .
very neutron dcf1c1ent doubly odd Tl 1sotopes

A J Kre:ner, C Baktash ,iG.;Garc1a.Bermudez,,andfM,AthV

R

u?».Mar;scott;.t3

172"
over the laet few years 1n doubly odd Tl 1sotopes in the A— 192 200

ngh—spln“bands based on 1somer1c states (lO‘-t ' "300 nsec) have been"

1)

ound~

Tg'j.nass :rangef (sec-zflgure_ l) " These . bands represent “the’ f1rst examples of

;3Tcollective]structures:based.on_high4jAexcitations‘in-doubly‘odd transitional
L nuclei':and;;wercfisucCessfullv"descrihedf-as sem1decoupled W h9/2 @D 113/2

2)

”u}systems us1ng a two quas1part1cle plus rotor model They start w1th a set

. of trans1t10ns whose energles are small compared to energ1es in related

’ ',hhbands of ne1ghbor1ng odd mass nuclel, i. e qfhg/é,and Q113/2 bands cin odd T

:;and Hg nucle1, respect1vely The rcason for this has to do with the fact |

"“;'that 1n doubly odd nucle1, where the intr1nsic sp1n, J,~1s bu1lt out of: two”

- 4 o :
parts (J =5 +J ), there 1s a mult1plet assoc1ated W1th small core exc1tation

: (that w1th I J and [J —J T EJ +j ) The fact that the lowest ly1ng state

| p|‘
‘=“w1th1n th1s multiplet has a sp1n. value of - around 8 is related to the

’“;ftpos1tions of proton and neutron Ferm1 levels, Xp'and % - "relative to the s

IR 723 13/2 |

N1lsson. mult1plets, respect1vely ' The Vproton orbital is .:z
,~{ 1ntrud1ng from the .next shell across the 'Z 82 closure' and since nthe;

and
T'gdeformatlon is oblate,'the Nilsson state w1th the largest prOJect1on on the -

; szmmetry ax1s (f% 9/2) l1es nearest to Ap, giv1ng rise to normal"'AI=l

r
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Abands in odd Tl 1sotopes3) On the other hand, for Nxl17 theflﬁal/themberd

.”:Of the 1i3/2 orb1tal lles close tolé vresultln%:ln deconpled:handsfin'odd
"Hg 1sotopes4);.in whichj-‘.isbanproximatel§ in'a‘plane perpendichlar7to the
‘j_°vmmetry aalsl“Hence, the energetlcally.most favorable 51tuat1on for.the,
heavy doubly odd Tl 1sotopes 1s the perpendlcular coupllng of. ;l and J:
vwhlch corresponds to J 8 ngheT—len states in’ the multlplet (1n pr1nc1ple
'_up to l 9/2 + 13/2 11) are ohtalned by plogresslve allgnment of Jp'and jn
with respectlto.eachpother atvthe'expense of 1ntr1nsic energy__T In going to
L1372

’:SuhshéllfandfneutronIduasiparticle:states with larger—projections'on the

" the neutronf;deficient‘Aside;:'however,')‘n - starts penetrating the

A{ﬂsymmetry anls (fl 3/2 5/2,.. ) become succe51vely lowest. The impllcation:
'for the doubly odd system 1s‘that states w1th h1gher total angular momentumA
‘w1th1n theAmultlplet come domn 1n energy. Eventually the state with I=9 w1llh
dcross belon the one w1th I 8 and subseqnently I= lO below I1=9. etc} For the

‘,‘ observed strnctures ln the T1 nucle1; whlch depopulate 1nto long lived 7
‘states, thls means that the character of the 1somer1c out—of band transitionn
:(wlll,changeAfrOm-ElJto’MZ,Ah3, etc., thns-givlng r1se torlncreaslngly,longer

 Tifetimes. .

5% .Q-Fignredl‘
‘ ﬂ; h;}giglfl'lglfzfl" TSystematlcs of exc1tation energies of the
;:1 et  -{ ;;;f”“,"f bandheads of h9/2 x - 13/2 “and h9/2 -‘
:?@ P ;-;_/3 N »structures 1n odd-odd and odd Tl isotopes |
R zg_i TfAulllp_ ‘ "_'-" ~respect1vely (Refs 1,3). The ‘eXcltatlon
R ;f'f“ff'”'mlﬁvm.m w :_'energles 1n 189 191Tl are not prec1sely

known.: ‘_f‘ - : ”‘ e
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In' order to‘ verify these predlctlons, a‘ study ‘of the nisotopes“
»186 188 190 ‘ Lo ' ' o

"'16

was‘, undertakeni uslng ' several (H I. ,xn) reactionsk
16851 (2Th1, 50 ) l90T1(E 130-160 Nev), **Tm(P e, in) l9°T1(E 120 Mev), and.
;”176h (19F 5n). T](E 85-120 Mev; 169 T (Zitg, 5m) }88T1(E 115- 135 MeV), and
159,32 155 35c1 Jin) 186 Tl(E=155-170 MeV)"

Tb( 5 5n) Tl(E 160 165 MeV) and Gd(
_lHeavy ion beams were accelerated by the Tandem Van de Graaff at Brookhaven
National'Laboratory. The decays of-the‘res1dual-nuclei'mere studred usrng i
in;beambiandu otf—beam 'éamma?ray spectroscopy' techniqueS‘ revealing, then
s'ex1stence of bands s1m11ar “to those ,found 1n the heav1er Tl 1sotopes‘
Isomer1c 11nes w1thAtrans1t10n energles of 161 9, 268 8, and 374 0 keV were::;
} fldentafled in¥j¥90Ti, .188Tl and 186Tl respectlyely Some of their decay
'propertres are shomn rn figure 1 prov1d1ng str1k1ng conf1rmat10n of the
"Kpredictlons d1scussed above.v,Figure .ldralso Ashows the neutron. number
band heads in neighboring'oddel isotopes which

: dependence of the“ h9/2
~

‘ "appears to be simllar to that of the'"'hg/2 ® Vi 13/2 band heads, lending ‘-

'

' additional support for the present 1nterpretation

* Accepted by Phys. Rev Lett Worked performed under the ausp1ces of
f_CONICET Argentlna, ‘and National Sc1ence Foundatlon, USA. '

x% Department of Physics, Brookhaven Natipnal Laboratory, Upton, USA

‘1‘1) A J Kreiner M.A.J. Mariscotti C. Baktash E. der Mateos1an, and
-P. Th1eberger, Phys. Rev C23 (1981)748

. 1
2) A J. Kreiner, Z Phys1k A288 (1978)373

3) J.0. Newton, F S Stephens, and R.M. D1amond Nucl Phys A236 (1974)225 ‘

»4) D. Proetel ‘D. Benson, Jr., A Gizon, J. Gizon, M.R. Maier, R M. Diamond
and F. S Stephens, Nucl. Phys. A226 (1974) 237. '
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B . . M 200 ‘_ ) A' . . . . ’ . -. . ) . ~ : ~s '. )
. .3 X . - . i y .
}Al,lZ Structure 1n‘.r.ll and;thel?dd‘eyen‘Staggéring infffhg/2 x Yi3,

':'Bands . _
= ' . kk
.‘A J Kreiner, M. A J. Mariscotti, C Baktash , E..der Mateosian ,

| :and P. Thieberger.

State31of‘200Tl, populated through thellgsPt(6Li,4n) reaction at E=30

to 40 MeV - were studiedlusing in-beam gamma-ray spectroscopy techniques. An’

almost completely new. 1eve1 scheme is presented ‘comprising thellh9/2x9113/2
) s

two,quaSL—partlcle band'l which 1n this case 1s built on an I = 7 . isomeric

!_state (T 4, 8*0 2 ns) in contrast ‘to I —8 for all the lighter doubly odd(

/2"
Tl sotopes studled up to now These bands show an alternatlon of large and
small'transitionfenergies, instead of a monOtonic;increase, with_lncreasingb
angularxmomentum,'a phenomenon which is‘called'staggering; As far- as this
sstaggering is:concerned:the new'data‘on.?OOTl provide a verylinteresting'

piece of ev1dence. In. an attempt to characterize quantitatively " the

staggering a variable S is. defined as S= (1 +13 21 )/(1 +13+21 ) where'.“

l 2 3 are the lowest three transition energles for the‘l'fhg/2 bands in

neighborlng odd T1 1sotopes and for the odd-odd cases they represent the
1)

Atransitlons_ preceding the low. energy_ multiplet’ . We‘_see that 175) 1
(féf’@frfi; bands)” and it~‘can.,be shown fthats’S"vanishes "for any .three
J-consecutiye transitions:in a rigidlrotdr band. This variable 1is seen to
behane invvéfy much“the same way:in'the hands‘ot odd mass and doubly odd'Tl
nucléifmith altendencprto disappeaerith increasing neutron_number.‘This
behaVior;strOngly“suggests.thatAin theSe doublp odd nuclei the'mechanism"
‘behlnd the staggering entails an 1nteraction.of‘the particles W1th the core

rather than among the valence nucleons themselves.

Phys Rev. c23 (1?81)748 Work carried out under. the auspices of CONICET,
Argentina and the National Science' Foundation, USA.
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"1.13”High Energy Gamma-ray Decay of Enapbration Residues from (H.I,,xn)
- -Reactions . .
I ok o T o . kK
~ -J. Barrete ., M.T.:qulins_ s A.J. Kreiner, A.M. Sandorfi ,

' L L kkk : %k k :
~ ‘M.Al-Kofahi ' ,:and S. Steadman - .

?;,So'célled'continuumfgemmssray spéctra'frcm:evsporeticnfresiduesftorme&’
: in compound nucleus (H I.,xn) reactionsvhave usually only been'studied up
'-to NS MeV (e g Ref 1), According to the customary V1en tthese ’spectra
'mainly consist of two partst Aonelitfééchingv nn to’ 532 .ﬁeV, cdnposed hof
. stretched.'EZ _transitionsl msy' carry- nnciear :strnctnre Einformaticn‘ (e;g._
'moments ef_inertiedat;neryvhigh spinsj;“The other one is described es an El
_ _Statisticai_ccnpcnent heing a structureless ekponential tail which‘merely:
"reflects..aversge wienéihedensity‘Vproperties“ of - the. emitting ~system.,-No'l
Eattemntsn'have;'been 'msden‘to extract_ sny~‘structure infcrmation‘ fromj this:&
.@qnnbnent excenthfqrjslsingleAneasﬁrementhreported veryrreeentlyz); Therejfi‘
3fcﬁeicoﬁtiﬁuuhfsfhdieéfﬁeré extended un td E%253b ﬁeV and a very interesting
discovery was.. made.AAbove approx1mately 10 MeV the gamma-ray spectra depart '
t;tron ;A simple exponential behav1or showing an excess inten31ty which
‘[fénor£g31y.reaches_itshmaximum>at srounthS ﬂth The suggestlon has géen:ff”
‘made thatl.this‘hencess is :e‘ consequence of structure 1n' the El. strength
function‘dne‘tctthe:giant‘dipqie“rescnanceihnilt'on exqited_states. A major
hsssnmption'cf’that workz? has;heengthat'the'detectedwhigh energy genma—ray
intensity is relsted tbsthe‘decay cf«compoundnSystems-since no nnsmbiguous

“identification -of the reaction channels involved was -'made. We report here
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reSults of an experlment spec1f1cally des1gned to overcome "this difflculty

130 (348 xn) reaction

ngh ‘energy gamma rays (E ,15 MeV) produced in tne
‘:at L b-141 MeV Were studied us1ng a hlgh resolut1on QﬁE/E-S/ at E =20 MeV)
25 ‘em X 25 ‘cm colllmated NaI detector -1n c01nc1dence with low energy
dtrans1tlons detected in f1ve large volume Ge(L1) counters thus allow1ng the
: select1on of part1cular reaction products. The presence of an excess
'inten51ty above the stat1stical component for Fbc»IO MeV was confirmed in

both the 1615 160,

Er (3 ) and "Er (én) evaporation residues.‘Some representative.
NaIl gamma;ray,spectra are shown_in'fiéure l;.Another.important pointlis:that
thet»enhanced gamma;ray strength ‘does not present any .structure of width
‘comparable;to or larger than the detector resolution. This resolution is
«suff1c1ent to reveal any structure ‘similar to that known for. the glant

dipole resonance;built on the{ground states,of the well deformed residual

nuclei under consideration.

—T T ML AR T

uumnh#nh“

(e XY

Figure 1.

Gamma-ray spectra. measured with a
"large: volume  Nal detector - in

B ;vcoincidenCe._;.withl, low = .energy
" "transitions detected in Ge(L1)
ok muDn L ma counters and. normalized ' to. the

TomiWe

singles spectra in order to obtain
the number. of transitions per
" cascade. - The upper part’ corresponds
to a target—detector distance of 25.4
b h i) ~cm and was obtained in order to check
cemvmen - | - for plle—up effect.
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The ?préégnt‘ méasﬁrement enables -ﬁs;'to, study the :cfogs Hséction ,for 
‘fAﬁfddﬁétiqaﬁof_high éqefgyAgamma+rays;asAé fqnépion-of_theireaééion chéhnei.:
' Fof:B6tHthé e*ponénfial étéfiétibéi ééﬁpbnent“and-the é%éeés'SQteﬁéph“at,
high.énergy, the nu@bér of transifions per cascade is a_mqnotoﬁicheéreésiﬁg
functibﬁvof ghe.nUﬁSérléf evapb:atéd neutrous.(i.e. it is largeétffﬁr the 3n:
'ghannel,'gmallef féf'4ﬁ; etc.). Another way of exhibiting this éfféct"is by:
:.stUdjigg‘the‘féiative intensity of_theidifferent channeLsdin singiés‘Gé(Li)

i

spectra .and” in spectra where a coincidence is required with. a gamma-ray

BNGN

Z5 MeV) in the - Nal detector. Table- I gives for. the thfeeA reaction
‘channels. observed the relative intensities in singles and’cqiqcidehce Ge(Li)

. spéctra, the. cross Sgctions and the relative numbers of gamma-rays

(ESZ 5 MeV) ﬁer cascade.

TABLE T
channel : I, singles "-IU coinc. -~ G ‘ﬁy/cascade
(5% - . (5% (mb) (rel.units#20%)
3 416 133 . 1.2
C4n 63 75 20441 0.4
5n . 33 9.5 107421 . 0.1

This béhaviorAcéh'be intgrprefedAin two Qays:
aj The high enéfg? gamma-rays (EUZ'S MeV) come from regions.in the E—I'piane
different f;om';hose.from which the bulk of the cross sections come,
b) On‘.the' averége the excitation energy above thé‘.yrast liﬁe is
.signifiéantly largef ithé fewer the number of evaporated neutrons thus

favoring higher gamma-ray energies.A
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.The'iattequntiqn_nould be.in .conflict -with thejstauding opinion - that -
--“pﬁé enfryiiinefinfthis:typeinf~recfions }nns-mnre or less'paralell tnﬁehe.
yraéﬁA‘line_ ann' approximately one - nentrdn- binding energy above ‘it
independently ‘of.nthe channel: Never;helees, in any event . one weuld bev
probing 'regidne ef-.high excitatioh energy above the yrast line and an
A enhancemenp' of the high»energy gamma-ray emiésion‘ due to 1evelA'densityb
urgumentgg) ebuld hu e0necived. |

.} Statistical nndei calenlations performed with the program‘ GROCI—F
.(ref;35 gineve deerease in ﬁhe abselnte value of the siope in the gamma—rey.
spectre al E( increases. Howener”this change eppears to be too gradualvtb
e‘aceount for‘the daee and nould suggest that a maJor modlflcatlon in the

‘ strength functlon'andfqr level den51ty 1s.requ1red.

-k A51lomar Meetlng of the American Phy51cal Soc1ety, October, 1981 Work
. done at Brookhaven National Laboratory. - '

B Department of Phy51cs,ABrookhaven National Laboratory, USA.
Kk MIT USA

,1) R S. Simon, M.V. Banaschlk R M. Dlamond J.0. Newton, and F.S. Stephens'
" Nucl. Phys. A290 (1977)253

~2) J.0. Newton, B. Hersklnd R.M. Diaﬁond "E.L. Dines, J.E. Draper, K.H.
Llndenberger, C. Schuck S. Shlh, and F. b Stephens, Phys.Rev. Lett. 46
(1981)1383 ' . : .

3) Mod1f1ed version of GROGI 2 nuclear evaporatlon computer code including
. fission decay channel H. Delagrange, CENBG 7707, Centre d'Etudes
Nucleaires de Bordeaux—Gradlgnan.
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,'I 14 Structure and Decay of the nghly Mlxed 13/2 States,in-l7}Er‘.,“

x%. L kk Co
A J Krelner' P’ D Bond« P C.»Baktash ;,J;;Barrétte ~ s C.E, .

Sl k* *k
”lThorn Yy and M T Colllns
o The;”lOW—lying: positive parity 'levels in heutron rich .odd. mass Er

wnuclei,.whieh are'due'alﬁo t exclusjvely to the i " neutron orbital are

' 13/2

‘.ﬁnotzwell?knowna lhls'situation, wh1ch is i sharp contrast w1th the well
studled lowelylng‘negatlve'parity'states, has heen'due to the'lack of‘a
mechanisn‘to'selettively populate high j single‘particle~states; Lt hLas heen
‘recently shown, however, that there 1s ‘a great select1v1ty to populate such °

”levels for neutrons “in. heavy ion 1nduced (16 s AlS 0) and (l'2 C, ll C)

'hreactlonsl)tl In .part1cular the two lowest lylng 13/2 levels dn erbium
.‘_nuclei, nomlnally belong1ng to the 7/2 [633] and 9/2 [624] bands,: were ‘
-identified in Athat.rwork.jﬁThe Asystematic vmovement “of thesei 13/2+ levels
. through the;Er isotopes’indieatedAthat they would he nearly degenerate in
l71Erlwere_itYnot for.theTCOriolislinteraetlon. ThisipresentsAthe.lntriguing
possibilitvfto.experlnentally‘studv_two'states-whleh are as mixed inuK,as.
. _possible.llnbthe-presentbexperimentlthe;gamma,deeav-of the lowest two 13/2
levels inrl7lErfhas heen_investigated usiné a:particle-gamma'eoinciﬂence
'.teohnique,aand oonffrnationlis ohtained that:the earller;spin identification
fwasreorreet.pln{aduitlon, other members of'the lower'band (7/é+) have heenh
ldent1fleu.lthe3predonlnant nodes of oeeay have been measured,” and' it is-
.establlshed that the band with larger 7/2 [633] parentage l1es lower thanj?
the one withggreater amplltude of the 9/2 [624]‘orb1tal3 in contrast'to an‘

"earlier conjecture??; |
_Quasipartlcle‘plus rotor nodel caleulations have been made and compare‘

well with"the‘general»features of both the partiole and~gamma—ray data.

% "Aeceptedbby Phys,Rev;CQ:Work‘done:athrookhaven Nétional Laboratory.
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'*%‘Departmentfof PhYsies' Brodkhaven National.Laborétory,iUSA;-.

‘"di)iphq'\Bond ] Bdrrette, C. Baktabh, C. E Ihorn, and A.J. Krelner,
"~ Phys. Rev. Lett 46 (1981)1565 - .

2) B. Elbck, and P.D. Tjoem, DanskVid;A’Ses-k..‘M‘at.Medd,‘ 37.(1969)7.

1.15 Selective Populatien of High-j.Orbitals in Er Nuclei by

B , o s
-Heavy-ion-induced Transfer

' T T k% : k% * S
'P.D. Bond , J. Barrette , C. Baktash , C.E. Thorn , and

'A.J,fKreineru

RS Inf‘thisl worki'we Vreport-“the"uSe' of two heavy-ion-induced -stripping

'reactlons to selectlvely populate' h1gh—sp1n part1cle states 1n deformed

npelei, spec1f1cally in ;67 169, 171 The choice of the reactlons stud1ed

N here;”‘(léb;lSO).'and (12 C), ‘is"~based upon two factorsr Their large _
negatlve Q vdlues niematch the - 1ncom1ng and dntg01ng gra21ng angular momenta
‘S0 that -smeli angular momentum transters, are strongly‘ suppressed.A The
consequenees of these kinematic.conditions'and‘selectiOn rules which'reSnit
.f?9m the tranéiered:nentron‘in.the.projectile bein:g"pl/2 fer 16O and'Pé/Z

'fbri 2C lead to a strong fdvorlng of high spin final. states with sp1n
J7(Jf—l +1/2) for 16O prOJectiles,' whlle high spin J<(Jf 1 —1/2) and J>
fstates are- comparable for 12 . The strong difference in the relative

population of J>hand i< f1nal stdtes for these two reactions is used to

distingniSh 9/25Kh ) from 13/2 (i, ) states which the (X, He) reaction

9/2 13/2

haS'_difficuity"'doing from either - strength -or .angular distribution.

measurements..

Targets of enriched 1667168’170Er_of 50—200/“-g/cm2 evaporated on thin C

Backings» were bombarded with 120-MeV ,160 and 95-MeV '12C ions - from the

* Brookhaven Netional'Laboratory tandem facility andhoutgoing;lso and ¥¥C ions
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'werefynodentum'lanalyzed by the quadrupole—triple—dlpole spectrometer and

| ,1dent1fied 1n a p031t10n sen31t1ve AE E gas proportional counter. Typ1cal’

A -
v s : RE

-resolutions for %Soj,lons rangedv fromA 100—150\3keV and _for. llC from

- 80- 120 keV
Heavy—ion—induced transfer reactions on heavy nuclei have bell shaped
A}angular dlstributlons,;a shape 1ndependent of angular momentum trasfer. As a
result a large fraction of the transfer yield can be subtended by the
spectrometer.at a single setting (typical solid angles. used were 12 msr), a.7
';:circumstance’which'made coincidence measurements w1th'gamma—rays detected in
Ge(Ll)”counters‘possible.. B
Through the strong selectlye population of known high—spin‘levels andl
. the . identiflcatlon of prev1ously unobserved high-j states in Er nuclei, thls ‘
Aexperlment”u has? clearly demostrated:! that the unique features - of
' heavy—ion;induced transfer make. these reactions‘ 1nvaluable especially in-

spectroscoplc stud1es of neutron r1ch nuclei which cannot be reached through

the conventional (H I.,xn) reactlon.

,i*e Phys.Rev. Lett. 46 (1981)1565 ‘Work done at Brookhaven National -
Laboratory § . . IR C

** Department of Physics, Brookhaven National. Laboratory, ‘USA.
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:_ I 16'TI'g9/2 ®9g9/2 Structure in ' "Br

i M Behar, D Abrlola, A Filev1ch G. Garcia Bermudez, A J.

* %%
Kreiner M A J Marlscottl, J.A. P1nston R and D Barneoud .

1) 2)

Following the :succesful description of the correspondence found

fbetween pOSitive.parity bands of gg/z parentage inh76Br and 77Kr, it is of

e e



S b3
interesc to -search for the same excitations.in‘78Br and to study to which

'extent they are related to levels in %kr.
’ N

The ex1stence of aq'gg/2 g9/2 band structure built on the known 4

), )

isomer in 78Br was, recently 1nvest1gated and 1t is likely that some of

:themobservedi)glevelsﬁcorrespond to the lowest multiplet expected. from this

system. In order to ‘gain more information on “this band structure a search

: for higher'states in'78Br5was performed. The 77Se(o( 2np) reaction produced

w1th the 30 ‘to 55 MeV alpha-beam of the BA Synchrocyclotron .and.- the

76Ge( Li 5n) reaction produced w1th the Grenoble isochronous cyclotron, were

used‘.in, conJunction with conventlonal on-line gamma-ray spectroscopy

'techniques. The level scheme in the figure l summarizes the results. The

4)55)

levels up to 467 6 keV have already been reported Of particular o

3

interest is the 904 l keV transition which exhibits quadrupole character and
:compares well w1th the (11/2 ) to 7/2 spacing in 79Kr. In order to check

Efthe assumption that the sequence of levels with I 4, (5),...(8) (9) and (10)

R, . . : . ,-a
-in 'ZSB corresponds ‘to. a n g9/2 X \)g9/2' rotational like structure a-

76Br (ref.l), has been carried

icalculatlon; similar to. that performed for
out;iThe'model;involves_ainonsinteracting qUaSiproton and neutron coupled to
;a' rigidrvrotor;u The" neutron"parameters :were' determined hy. fitting the
,positive parity Band infngr} The deformation:was taken as a mean value from
_that of the neighboring ‘even-even cores. The main results of the calculation -

are: a) the 4 5 ‘ .8+ members of the lowest multiplet, corresponding to

:almost vanishing rotation, 11e within 300 keV (in contrast to 600 keV in

6Br ow1ng to the smaller deformation), b) the 9 state is pushed up about
OmSLMeV.above the 8v state' c) the predicted spac1ng between the 10 and 8+
-state‘is 0.9 MeV. These reSults.are fully_cons1stent with the data and hence

provide‘evidenceﬂforrthecvalidity ofvthe.present interpretation.

* 'CEN, Grenoble,AErance.
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'.Phys Lett 83B (1979)31
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5) C. M..Lederer et a1 Table of isotopes (1978), New York, J.Wiley and Sons,
"~ Inc.. :

I 17 Check on-a Prediction for the Maximum Relative Cross Section of

ﬁ ;fathe o4 Zn(d n) Reaction.

R . IR k%
M.A.J.;Mariscotti; ‘Solange de Barros , L.T. Auler

A few years ago a systematic study of relative cross. sections for the

various outg01ng channels ‘from the 64, 66 67 682 (o{sxnypz™) reactions was

1)

f}reported .'These reactions were produced athbomharding energies between 30
and 55 MeV. in’ thisn‘energy interval the?xnumber' of evaporated particles
:‘x + y + z ruoghly varies from 2 to 4 |
o The data, obtained from.'theSe neasurements ‘were shown to follow a
gradual behavior as a function of atomic mass, or equ1valently, the degree
‘_of_neutron defiCiency of the target D, 2) 3). Two'parameters were studied:
the'energy,E;naX atlwhich'the excitation ‘function reachés the maximum value
and'the reiative'cross.sectionq;naX corresponding to this maximum.
In particular, the behavior of the latter quantity was described hy a
very simple phenomenological model. In viewuof the simplicity of thisvmodel
and the_relative success achieved in accounting.for the data, it was‘of

interest to check the.predictions obtained outside the measured range. One’

possibility, provided by the 1low energy ciclotron of the Universidade
i : oo .
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.';€Eederal:dO'Rio_de‘daneiro; was;to determine G;ai for the ,n) reactions,
fire.wx=1,y§0,z%0) on the. same Zn isotopes, for energies §¥<:30 MeV.
| - In‘the;caSe of the 64Zn target, several relative cross.sections have
Abeen measured and fitted to’the modeil), but only one for the'<d,xn)5group,
namely:‘thatv corresponding‘ to x=é. Consequently_ the 642n(ﬂ;n) ‘reaction
A‘provided‘anninteresting‘test case,Aspec%alry in,viewiof'the fact that its
'.cross.section istpredicted to he‘more than 1 order of magnitude larger than
»that.for.the GX,Zn,‘and comnarablebto the Oﬂ,np) reactions. Experimentally'
'}1t was pOSS1ble to carry out the measurement by irradiatlng a natural target
' and looking/at the res1dual act1vity‘

A _stack of 5 mg/cm foils - of Zn, ‘separated by sheets of Al of
.appropiate‘thicknesses was irradiated with the(28 MeV alpha—heam_fron ‘the
. UFRJ cyclotron;. The Al sheets .were chosen so as to obtain‘ Zn samples
irradiated at.seVeral‘energies between 28:and iZIMeV in steps of 4 MeV.

Infthese measurements the Gﬂ,nn) reaction was chosen as.normalizatiOn.

1)

Known to reach its max1mum Ccross section at 28 MeV, the normallzatlon was

:_deduced from the 1ntensity of the 1039 keV 11ne from the

66\ 9 4h 66Zn decay, after correct1ng for the halfllfe, crossover

64 Zn(a np)
‘trans1t10ns and efflciency The relative cross section of the GX n)'channel
.‘was 1n turn deduced from the gamma-— 1nten51ty of the 167 keV line from the
ZnGx n) 19min 67 decay for. each beam energy The maximum cross

' section 1s obta1ned at 18 MeV and its value, relative to the &,np) channel

is

G- N (dsn) - |

- max 64
—=— = (0.56%0.

T C .op) 0.5 17 for Zn

max

This wvalue is in reasonablé,xagreement with the predictions of the

model; it represents about 20 times the previosly measured G:“aX(O(,Zn), and



furnishes -an_' additional ‘eyidence‘ of the - validity‘l of “the' -simple,
phenomenological model:of ref.l;
 This not only poses inferesting questions as to the justification of

3)

-thevassﬁmptions involved but also may estimulate its extension ) to other -
regions of the Periodic Table and to be applied as a usefulbauxiliary tool

'T-iﬁ'tﬁis tyﬁe‘of spectroscopy  work.

% - UFRJ, Rio de Janeiro, Brazil.
** TEN, Brazil.

L) C.Slomar (thesis) unpublished, 1975 and C. Pomar and M.A.J. Mariscotti,
61"~ Meeting of Argentina Physical Society (Buenos Aires).

2) M.A.J. Mariscotti, R.M. Lieder, H. Beuscher, W.F. Davidson and A.Neskakis
Z. fiir Physik A279 (1976)169. ' ’

_3) M. Davidson, J. Davidson and M.A.J. Mariscotti Nucl. Phys A352 (1981)237.

© -1.18 Collective States in the Doubly 0dd 72Br Nucleus

* *
G.. Garcia Bermudez, C. Baktash and O. Kistner

1)

A recent study of the doubly odd nucleus ’, 72Br,' established a
gamma-ray cascade of quadrupole transitions. The decay properties of this

cascade suggest that these gamma-rays deexcite positive .parity states.

74,76

Positive parity AI=1 bands had been found in Br [Refs. 2,3]. The band

. 6 . . . . . .
in 7 Br has been described assuming two non-interacting quasiparticles, of

g9/2 parentage, coupled to a rigid r6t0r4). From the linear relationship

between the level energy and I(I+l) which shows an effective moment of

74,76

inertia similar to that of Br (see figure 5, ref.l), it can be

suggested that the 72Br cascade could likewise be associated with the high
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“ sp1n 1ntr1ns1c‘7"g9/2 X ﬁgg/z configuration.;The purpose of this work is to
explore further these 31m11ar1t1es by measuring the lifetime of the levels _
of interest in order to determine the degree of collectivity 1nvolved.

Lifetimes were measured by the rec01l distance. Doppler shift technique.'

58

. The nuclei. were produced -by the Ni( 0 sTp) reaction, provided by the

Brookhaven _National Laboratory tandem accelerator. The target was ‘a

stretched,sgNi“foil'(99.9%) of 0.4 mg/cm2 thickness and a .thick piece of
208 ' |

Bb;was used tovstop the recoiling nuclei and the beamr The target-stopper‘
distance was.varied.from<L-— I0,000/lm. Gamma—rays vere measured with a
© Ge(Li) detector placed at 0° relative to the beam direction. The average
recoil velocity (v /c) of the 72Br nuclei as determined from the energy'
shift between the full Doppler shifted and unshifted gamma—ray was ‘1. 58(5)4.
An- automated plunger dev1ce was used for these measurements which provided
'the capab111ty of repeatedly cycling through a predetermlned set of recoil
" . .distances,. changing position every~few*ndnutes. In this way, systematic
errors'arising from drifts in the electronics and changes in the condition
of the target.due‘to.the action of the'beam were minimized. The cycling time
was'determined'byﬁgammafray counts derived from windows set on the 774.7 and
862.0 “keVﬂ transitions, - which deexcite levels of -728e.l Several sets of
measurements.covering;different flight distance intervals'were'performed.
Due to background and interfering effect-from other gamma-rays, most.of the
transitions were analyaed measuring the intensitylof the unshifted peak with
the exception.of'the 353.3 keV transition where measurements .of the shifted
peak were more favorable. The area of the unshifted. transitions were
corrected for solid angle, normalizing the data with the intensity of the
Pb-iray observed from the moving stopper. A preliminary analysis of the data
indicated that'the!lifetimes,of the 1448.0,.1344.7, 991.4 and 668.2 keV

levels ranged from 40 to. 200 ps. Similarity in lifetimes, among these

levels, made it necessary to analyze each level considering the influence of



' Table I »

" Lifetimes and transition probabilities .in 72Br;

.  Statef LT ‘ N . ——
E_(keV) I. E (keV) I, I Branch . (ps) »gggg;5x2>.kB(ff)§xp4 E
| o : ‘ - & - . 77 10T e m)

1364.7 - (8)  353.3°  (8) (6) - 100 . 126(28) © 66(15)  117(26)
9O11.4 (6) 323.2° - (6)  (4). 100  104(31) 125(37) - 222(66). .
668.2.  (4) L L ae@ey

| $270.0 (4) (2). 50.5  408(16): 78(31)  138(55) -
289.1° (&) (20 22 0 925(370). 25(10). . 44(18) .

SO
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ﬂjidelayed feedingrfrom the hlgher levels ‘as well as s1de feeding> For thisf?-
?ﬁfpurpose, the code MASTERS) wh1ch describes Jthe' time 'evolutlon of theﬁv;
'ideexcltatlon.processAbetweenvmany nnclear levels; was usedl In table l the
"i;experimentalltran31tion probab111t1es for the 353 3, 323 2 and 270 0 keV
gftransitlons areAreported They show a strength ranging from 66 to 125 single;_
.é{particle units.ffhis enhancement clearly indlcatesythat these.levels arek%
‘dhighly collectlve and supports thevprev1ously‘noted similaritles w1th thep
74 76 ‘

f;band structure found in the heav1er 1sotopes

i

Tk ;Brookhaven Natlonal Laboratory, Upton, N.Y. 11973 USA

ﬁil):G Garcia Bermudez, C. Baktash “A. J Kreiner, and M A J. Mariscotti
’ ;Phys Rev C March (1982) o

,fi2)wG Garcia Bermudez, A Filev1ch A Jo Kreiner, M A J Mariscotti
TGy Baktash E der Mateosian, and P. Thieberger, Phys Rev €23 o
';;(1981)2024 T

;;f35ﬁM Behar A Fllevich G. Garcia Bermudez, and M. A J. Mariscotti, .
;;~,1Nucl Phys. A282 (1977)331 A.J. Kreiner, G. _Garcial Bermndez, M.A. J.
‘-.Mariscotti, and P, Thieberger, Phys Lett 83B (1979)31

4" ,~

aﬁ)qA J. Kreiner and M A J Marlscottl, Phys Rev Lett. 43 (1979)1150

5)H Emling, GSI Darmstadt 1979 (prlvate communication)

u‘ A
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I.19 Search for the Two Phonon 0ctnpole VibretiOn in 208Pb>

. x T k% f
w F. Davidson s W Gelletly s P. Hungerford , w R. Kane++,

S. Kerr#, M.A. J Marlscotti K. Schreckembach# and D D Warner++

.The-nﬁcléus 208Pb’is-avsﬁitsble cendidate;for'a search.of two;phonon
octnpole states. An ettempt to identify some of-these states, in particu1ar
the 0 member of the multiplet, was-mede usingithe inelastic'scettering
‘reaction of Xe agalnst Pb but the measurement was not sensitive enoughl) In
the present work; a- different~ measurement with theA same‘_objectiveﬂ was
undertaken: .the detection 'of .decsy conversion‘ eiectrons ‘and‘!coincidence
gamma'rays produced.in the:thermai.neutron‘cspture!resctionron_207Pb.h§inée'
the cepture state‘has spin-parity 0—_or i_;“population of bf'Statesbin 208Pb
is expected This reactlon has already been studied2 3 4. Most of"the total
cross section,(700mb)Acorresponds to the transltlon to the.ground-state;eno.
more 'than O;SZ'iproceeds“vis other ftrsnsitions :and':until now - only “the
popuiations'of‘the rirst 37 end 2+‘states'hawe‘been ohservedz’B;

, In sp1te of this 11m1tation ‘two types of experiments were programmed at
the ngh Flux Beam Reactor of ‘the Institute Laue—Langevin capable of
reachlngpsen51tivities of up to 30 fb. In?the first‘one, a search for EO
conversion:linesremitted by a 200 mg tsrget of‘enriched'207Pblin the energyA
intervalhof 3.5.to 6.i MeV was performed by_detecting electrons'with.the
spectrometeeriLL; Simiisr'runs were alsoicarried'out with a qath'target;'
The results of these measurements are summérized'invtable I which lists the.
intensities,of two peaks as seen with_the enriched.and'natnrel'targets. The
expected ratio of about 3 is in good agreement with the measured'relative
intensities. Since these twoi peaks’ ére very weak,- the evidence for the
existence of two. EO transitions in ZOSPb and’ hence, ‘oflvtwo 0+' excited

states, is regarded as tentative. The 4882.0 keV .line probably corresponds

to the previously identified two-neutron pairing vibrational'states. The
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energy 4904, 9, keV'does notucorrespond to.any hitherto~reported level .in
208Pb‘, so’ that if the peak 1dentif1cation is correct, this measurement

f constitutes preliminary evidence for a new 0 excited state in ‘this nucleus.

In a second series of experiments a gamma—gamma coinc1dence arrangement~'

’-.was set up . at the end of the high- flux filtered thermal beam port H22 F of

':the ILL Reactor. In this locatlon a sample ‘of 15 o4 of enriched (92 4/) Pb,
on. loan from Oak R1dge, was exposed to a beam flux of about 108 cm—2 sec“1
for a net t1me of approximately 140 hours.‘Two 204 Ge(Li) counters'Were"
used; Table II.summarizeS'the peaks 1dentif1ed in coincidence'with~the 3" to
Q+ 261h45kkeV‘transitionr‘None'correspondsito the‘EO lineslin‘tableyl.

In conclusion; ¢ind*spite -of_fthefﬁfact that'Athe anticipated high
.sensitivity.was reached-in‘the present<experiments; the twoephonon octupole
o excitation'in'zanb could.not be_established. A sUmmarv of the .results
obtained-is'theifollowing: o
1) Tentative evidence.for a n-ew"O-+ state ala4904 9“keV in 208Pb The
~:.strength of the total EO. tran31tion to the ground state is 45 b while

the E3° tran31t10n to the 3 state is less than 90}Ab -
2)'Observation of a. weak EO transitlon (30f¢b) from a O state at 4882 0 keV |
.wbich probably corresponds to the previously known two—neutron pairing |
v1bration The 1nten51ty of the E3 transition from thls state to the 3~
is less‘than BO}Lb.,’ | o
3) Three two gamma ray cascades in c01nc1dence with the 3" to g.s.
tran51tion and adding up to 4753.31 keV yield evidence for the population
of three states 1n thlS reactlon at 4253 (or 5726), 4934 (or 5047) and
3640 (or 6343) keV, ’Only the level at 4253 keV can be identlfied with a
previously known one6;‘The present results favor a (2 ) assignment for
"this level Since there is a strong peak at 4945 7 ‘keV, due to C, in the

electron spectrum, the p0551bi11ty that the second combinatlon is

"associated with an EO tran51tlon of 4934 keV could ot be elucidated, no
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peak 1n the clectron spectrum is observed at 5047 keV

Tentatlve evidence.for the populationof'the_known6 states at 3995 keVl

_‘with'a eroéslsectien of-130/du and 3.73IkeV witn a cross section of

260/&5;

~ The 'hospitality of the Institue Laue Langevin is warmly appreciated:

i
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Brookhaven ‘National Laboratory
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TABLE I -

208
‘" nat,..

‘Resﬁits pf'the_search¢bf'ﬁqllines‘in
- ' on 297pb and Datpy

Pb frdm”the'(n,e),réACtidn

E . _EO conversion line Total EO intensity? . .
trans - : ‘ g - ;
e . intensity = ‘ : 4
CokeV) T ) ()
L - -0 1207 - . nat,, .. - ‘ )
s 1 S 4 0 -
4904.9 ¥0.8 i5 £ 4 5+ 2 - 45% 12
4882.0 ¥ 1.2 7 -l0%4 <3 30412
3500 - 4800 . . <ao
4800 - 5700 -~ . .. <20
5700 - 6100 R <40

a. ‘Total intensity includes internal pair production. Limits in the
indicated energy intervals are quoted excluding the locations
( £15 keV) of background peaks due to photoelectron conversion
of neutron capture gamma rays from the surrounding materials Zr,
' C and . Al. . - ' : ' X g
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TABLE II.

Gamma rays in coincidence with the 2614.5 gate other than the‘4753.7 keV line

: E. . ) . I;‘ o . o Comméntsb
k) )
A) Pairs of gamma rays add1ng up to 4753 keV
(1025 * 4. 80 * 40 DEP (4753) coincides with possible
(3729 £ 4) 7 3729 keV line. Intensity of 80 mb
(T:4754 * 6) , less than DEP intensity error. -
: Intermediate 1level at -3639.5 :or.
6343.5 keV, ’ : Coe
1639 £ 4 370 * 80 Intermediate level at 4253.5 or
. 3113 .+ 3 330 * 70 "~ 5727.5 keV. 4253 keV level and-
(T:4752 * 5) _ _ transition to 3 state are known
: (ref. 6)
2321 4 260 = 120 Intermediate level at 4935.5 or -
2432 * 4 160 + 80 5046.5 keV. Strong C line in
" (T:4753 + 6)- B e-spectrum would mask EO. 1ine
: g o ' ‘ at 4935.5 keV
B) Single peaks
567 * 6 80 * 60
810.% 4 80 £ 50 .. - :
1109 + 6 - 260 ¢ 100 E, = Ekn(3 73) - E3— _
1300 « 4 160 * 60 I, of DEP (2321) IE(IBOO)/6
1383 ¢+ 4 130 £ 80 ~ Ey= Ekn(3.995) - E3- :
1939 ¢ 5 230 % 150 - 2
1983+ 4 1270 £ 90 Ey = Ecs - Ekn(5.383, 2 or 3°)
2090 = 4. 220 ¥ 80 I, of DEP(3113)= I, (2090)/2.
, , Ey = Ecs - Ekn(5.281, 07)
12213+ 6 " 200 * 100 +
3277 ¢ 5 230 + 110 - Possible connection with 27 state

No indication of _1471.4 _keV .
transition between 2 and 3 states

with I..7 40
o

a. Intensities in mb are normalized to the observed 1200;¢b cross
section for- the 4753.7 keV line in singles

b. DEP, Ekn, Ecs and E_- denote double escape peak, energy of known
‘level (ref. 6)° energy of capture state and energy of 3 state,
_ respectively. - a
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" 1I. RADIOACTIVITY

IL.1 Sn Decaz
H Huck M L Perez, J.J. R0551 and ‘H.M. Sofla.
The decay of 13l has been studied at the Buenos Aires (TIALE) on line-
isetope—sepafatdf facility‘as part of a:systematic study of the short-lived

[

>Sn f15510n products and the1r daughters.

jThe 131Sn level scheme.was deduced from  the - gamua-ray ‘energies and
intensities, and gamme*gahma coincidence meesuremente.A |

Ground statehhalf—liveé‘were measufed with‘a.95;cm3vGe(Li) detector
ueing the spectruu-multlscailng technique for theb‘ihtehse"gemma peaks
between 250-. and lBOO—keV. The half-life for the 304-, 450—;‘ 798- and

1226;keV'gamme raye‘in the decay?ofllélsn, was determined’ to‘he‘61ils.

The level scheme proposed for the 131

Sn decay‘is shown‘in figure-l. It
'has been built usihg the'experimentel‘teEultsnend'cbnteine.67 transitions
vthatAcarry'QOZ'of}the‘dheerved gehma'dutehsitylwithdn e scheme of 36 levels.

The results ‘can be discussed in terms ot; perticle—core couuling

calculations. The~.COre"(l3O

Sn) .can be described microscopically as a
collective‘two—hole state coupled to-O+ (ground State) or 2+ (first excited
~¢;/state)' Thus, these states can be thought of as multipole pairing vibrations

of the doubly maglc l32$n. The theoretlcal predlctlons and the experimentaL

data are compared in figure'Z.
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I1.2 The - "Sn and Sb Beta Decays
H. Huck, M.L. Pérez and J.J. Rossi
A S ] 129 3
Here we report results of measurements perf01med on . the several Sn
129 235 , .
and - Sb beta decays. These 1sotopeo were obtalned as - U,thermal fission

3

- préducts,r'USlngi am¥ on—llne electromagnetlc vlsotope 5sebaratdr (IALE.

“12 9

g 5

'facility) Half 11ves and partlal decayn scheme for the Sn (2 4 mln) and

':129 (6 9 mln) isotopes-are established, leading”to”a level‘scheme for

‘V298b for whlch the lowest lylng ]evels are 1nterpreted in terms of the

o,
RS

.CGUpling of'sihglerptétph-states to;the[edllective oﬁes_based on the neutron

" holes.. .
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In the 129Sb decéy a:new haIf-life_qf'L?i? min'haé:been”f0und,,besidéé'
‘the. 4.4 h half-life feporte@ 'pxéviéusly. Its assignménp bto.,lzgsb'.isv;
supported by the'resuits of growth-decay expefiﬁénts on lzgsbv(l7;7'min)Aénd

129Te (69 min) activities. A pértiaivdecay séhem§ is also prdpbséd;_for
o+ 129 o .

which most of the levels are not seen in thé 7/2 Sb.g.s. deééy,~bﬁ£.sqme '
of‘théﬁ'are supported by gﬁclear feaction tesults.iihis.new'hélf 1ifé'has
been missed ub‘to now. | h | A
The gamma"acitQity, of  the' eleétromagnetiéally‘ sepatatéd“fiSSioﬁ
products was ‘measured direétly on-line by plaéing-Gé(Li)-detécfors‘clésé to

a moving tape'colleptor.has,

the focal,plané of the isotope separator where

R

been installed.
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'pféton'intergcting Qith £
neutron ‘hélés fin‘ thelidbﬁbly magic‘_13?Sﬁ; céfe;' and  its‘ gfédna- stage
.hdeécribed,:in>a;§ery goo&'apprpximétion; as ‘a two 0+ boson sféte, where each
boson is built as a coherent two hole state. In.the same way, the first 2t
ex?ited staté will‘be tﬁé-one wi;h bne §osoﬁ éarrying anguiar.momentuﬁ:é,;

The theoretical‘ predictibns, and -tHellexperimehtal data are compared in

figufe 4,

645

The Sb energy levels éan,be interpreted as the ones‘generated by a

Sn core. The latter: can be stddied.as four

9.

1161

V55,1153

1144

CERIED Conae
512 644

2 °

- 512

n

Figure 4 .
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"IIT APPLIED NUCLEAR PHYSICS

B

III 1 Study of Electronic Structure 1n Metals -

D Otero, AN Proto, and R Romero , A. H Somoza and M.D."

*[.
' Ayciriex

’ The analy31s of the Compton profile has been developed for the study oflg

A:the electronic structure of metals.

As it’is wellfknownl) the variatlon of the inc1dent gamma-ray due to

the compton scattering is given by
’ Lome. L TR :

T )Jf'"':‘i.p3 K S T ' v
'.'Where.E 1is the“incident energy, E the”back'scattered gamma-ray energy, m

the electron mass, c,“the Veloc1ty of light and 4> the scattering angle.
. Besides te this .systematic shift, 'there is a broadening of the 'back
scattered gamma—ray, due'to the Doppler effect The broadening is given by:
AE 2Ep send’/Z L |
':Where p. isw,the- electron"momentumi‘along uthe incidentj'direction.' Thisn
‘I'electron could.be 1n the atom core or could be a valence electron, and then
this technique could be used as a complenent of the positron annihilation_
nstudies;(see Progress Renort 3, 1978-1979). -
o 'To minimize thehbroedening due»to'the'angular disnersion ue develope an
~axial synetryisetﬁup.. A'computer codelte cenvolute theftheoreticsl‘data
Awithf,the '&éfééfér‘Af¢§919ﬁi°ﬁ'1t° allowl:thei'comparison' of :then:;with _the
i meesured distrihution waS'«eIso' implemented; To chech. up -the ;system,-
. o Lo S oo R A g

,gfﬁeasurements_ on .electrolitic cooper -were made.. The. result: is that i'the
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electrons whose orbits are perturbed by}the»crystal lattice were the 4 s and

A
‘

3 do

* Department of Phys1c UNCPBA Tandil, Argentina

l) M.'Cooper. Adv in Phys 20 (1971)453

III 2 Detrapping of Vacanc1es at 111In in Quenched Silver+'

C Alonso Arias, M. Behar, A. Filevich G. Garcia Bermudez,c‘

*
E Sav1no ». R.P, L1vi and F C. Zawislak

The isothermal recovery of a’ quenched Ag foil doped with llllnlhas:beenA

'studied through.;the time defferential perturbed angular:;correlatiohf

technique;‘ A”lnearest neighbor—vacancy configuration hasi produced ?a

quadrupdle interaction -166~3 MHz and a dettraping vacancy process has beeng

detected with Ed-l 09-1 0.05 . These results are’ discussed and‘compared‘

. ‘ . +
with previous‘results}) 1n_the present paper .

R

+ .C. Alonso Arlas, M ‘Behar, A. Filevich, G Garcia Bermudez, E Savino,
R P. L1v1 and F.C. Zaw1slack to be published in Phys Rev B24 (1981)3162

* Departmento de Metalurgia, Comlsion Nacional de EnergIa Atomica :

ok Institute of. Physic Un1vers1dade Federal Rio Grande do Sul Porto Alegre,;
Bra51l ;

,1);L{JThom§ andtH, Bernas Hyp.Interactfréi(1978)361
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_.IV. NUCLEAR STRUCTURE

IV.l~Comparison of Upper'and Lower Bounds Methods Using a Soluble Hany

Fermion Model.
: T e *k .f k% ok S
'M.C;'Cambiaggiol, A. Klar , F.J. Margetan , A. Plastino and -

: T
J.P. Vary .

bpperlbounds;‘lowerjbounds and'estimates based‘on moments;arebcouﬂared
‘Lfor the ground state energy of a soluble Hamiltonian due to. Lipkin. Thed‘
AHartree-Fock approgimation, a coherent .particle—hole nethod, a two-body'
denSity‘technidue,ithéﬁPland-Qirepresentatives formalism,'nmment methods
with a GranfCharlier“expansion,and noment nethods.in a Stieltjes—lchebycheff
bounding procedure are discuSSed and appliedf We discuss features'of the
exact total eigenstate distribution since these pertain d1rectly to two of
the methods studied ” | |
We show that lower bounds are of comparable quality with upper bounds.
~and are no-more d1fficult to obtain. No single bounding method 1s found
superior over the entire- range of parameters we study for the soluble'
’3vhamiltonian5_Houeyer{ in one.region we. find an upper bound from one- method'
ﬁhich”coincidestwith the - lower bound of another method, thus yielding the
exact ground state energy. ﬁe also show that estimation methods based on thev
‘easily calculated first and.second moments‘of the.eigenvalue distribution
are surprisingly-accuratevfor a wide range of coupling.parameters and‘nunber

‘of active particles. -

- * Department of Physic, Facultad de Ciencias Exactas, UNLP, Argentina;

** Ames Laboratory, Iowa State University,’Ames,‘Iowa,‘USA.
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IV.2 The Effective Mass of Renormalized Fermions.

0. Civifarese, R.P.J. Perazzé, S.L. Reich and‘M. Saraceno

. Thé singlé partiéle sbéc;rum iﬁ the:néighbourhood of the Fermi surface
shﬁWs a -systematié> compression ‘with' iespeét to _that ~obtained frbml:an
éveragé, local ‘and velocity independeng cehtr;1 potential; This efféct is
éometimes deséribed assuming that individual‘particles ﬁithiﬁ nucléér-mater :
behave as haVing'anjeffectivé mass m*. |

- In the present éalculationslwe‘investigate the effective mass induced
,by~fhe~cduplinglof:iﬁéiQidﬁal barticles'tb'the cooperative oSciilaéiqns of
the A—ﬁucleoniéysfem. Thié.éoupling>is-évaiuated within the formalism.ofAthé
NFT and ref.l). | | -

lﬂA Thé _kernel éhat plays the role éf‘ a non local, 'velocity depeﬁdénf
ﬁééé#&ial»‘aﬁd -WhoéeT'E—dependence gndf second_ ordér'.moment define che‘u

N . I .
effective mass,is:
Gl o . .

U G L e L[5 N D6 s0) O

. ’ ’ . - . )
i A E S . @m“ . .-.,1 - 9"“, '_M.'h‘ >-mF orMmm (MF
o \ ’ € “€ T W, ) 8* o i—\\}s
: DSLE) Epmn) = mtTs ' .
| 21-9 . Q. o M
E~& v Wy ﬁ"ﬁm“'fws £ :

N
o m‘mF‘.M ?MF

Iﬁﬂgd(l) labels all possible collective modes and n the -single parti@le

orbif$. The vertex function./g account for the coupling between. both

,n"
degreés.of freedom.'IfJNé o where constant for all single particle states,
’

the effective mass would be essentially constant in the interior of the

nucleus and would approach the free value outside. Since levels close to the
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5. N

R

‘uFerml surface are affected d1fferently from those far away from 1t,‘thei
'"ﬂpeffective mass present an osc1llatory behav1our 1n the ,1nter10r, thus

lsuggesting the relevance ‘mot only of the non locality of the dens1ty f)but"'

G T

"\‘also of its part1cle;hole fluctuatlonst T
| ﬁThe analysis_of a‘realistic‘case such'as 2OS‘Ph:,‘ the effective mass
iratiolm*/mjis ahaliaedfbyfdecomposing‘it in the éimassz) (determined by the-
.resldue of the Green s funct10n at the one quas1particle pole) and the
f'k—mass ) (determined by the expectation value of the second order moment
'ofg;) In flgures 1 and 2 are plotted the separate contributlons to- bothlt

‘masses as ‘a function of the . multipolarlty of the collectlve modes (see ref 3f

for- details of the calculation) 1n which is clearly displayed the important»

.role played by the 1ow energy, strongly collective modes. .

i

fi ; .

.neutron pur(icle“ . H neutron hole
‘ levels ., . l o { “ levels
. O !y :
'

i

TR

T T
) N .
-
) I
>N

J‘Figure 1

1

L e B e L |

' FigureZ o CosprrIg a L. ?h:,.";cl ,

neutron particle -

205

LA B B e o e s |

Both the energy dependence and the non local features show themselves
very sen51t1ve to’ the nature of the low energy nuclear collective motion.
wThe former appears in’ the fragmentatlon of the one body transfer strength,

while the second depends upon the particle—hole fluctuations of the density.
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These two features hamper any refinement in ‘the use of the concept of

Jéfféqtive mass, for finite systems.

1) D;R Bes, G.G. Dussel, R.P.J. Pérazzd‘and~H.M. Sofia, Nucl.Phys‘A307
(1978)402 : o B . _ EE—

'2)‘J;P.»Jeukenﬁe,.A. Lejéhne and C. Mahaux, PhYs.Rep; 25C (1976)85-

' 3) R.P.J. Perazzo, S.L. Reich and H.M. Soffa, Nucl.Phys. A339 (1980)23

]

. o . - n 4 - S %
IV.3 The Ground State of Deformed Nuclei as. a Boson Condensate

J. Dukelsky, G.G. Dussel and H.M. Sofia.’

It is'shohn tﬁat the gréund state of’deformed nuclei can be cOnéider'aé..
a;éondensafe of two partiﬁleQbésons-tha£ have nét a Well défined'éﬁgﬁlar4‘
.moﬁénfum. Usiﬁg.é pairihg plus.QuadrupoIe intefactioﬁ it is shown that the
existenée‘ 0%4 a COndensatéA implies--tha£ theA'fgrmioﬁic';excitafions "hayé ’é
phySiéal. strupturé.’similéf to the Aoneé qbtéined in- a Nilsson plus BCS
tfeatmeﬁt,ﬁOn.the pfher.ﬁand, it is péssibié'to obtain the structure of the
Boson'(fﬁat'forms the‘¢qnden$atejvin terms Bf'the'férmionic eiéitations.
" From thisv strugturg ;we capv‘evaluate “the brébabiiify that tﬁe bbsoﬁ; has
’_anéulap mgmeﬂfum zéro,}twq or:any ofher. The$e prqbébilifies are shown in
the“figure 1 ,for. the rare earth nuclei using tﬂe same singie‘ particle
energies and force strgngth; tﬁan Kumér and Barangerl). Thése: results‘
éuggésf'that a aéscriptioﬁ of deforméd miclei in terms_of'bosdns héving

angular momentum zero and two may be meaningful.
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: CHf e W Tz Pt
9f¥T.6¢ p e y
; N\d Nt T s (A ’ :
F\ . , C W I : . v '
5\ ;Yb ,Hf ~~--Protons ' : Figure 1

o Gd Dy, Er . ‘—Neutrons { .|
} - 4 +

Probabilities that in the rare earth
nuclei the P.S.A. bosorn ‘has a given
" angular momentum. (A) probabilities
for J=0, (B) for J=2 and (C) .for
" J#0,2. In the ordinate is shown -the
- ‘mass- number and -each of the  lines
corresponds to a. different element.
The neutron values are linked by a
full line while the -dashed line
corresponds to protons. - S

* Work publlshed in ref 2 3
1) K. Kumar dnd M. Baranger, Nucl Phys. AllO (1968)529

2)'The amplltudes of s and d bosons in deformed nuclel. J. Dukelsky,
G.G. Dussel and H. M. Sofla, Phys.Lett. 100B (1981)367

3) The ground state of deformed nuclei as a bosons condensate..J Dukelsky,
G.G. Dussel ‘and H.M. Sofia; Nucl. Phys. ‘A373. (1982)267

IV, 41fh9/2 @99113/2 Bands in Doubly Odd Tl 1sotopes 1ncluding a

* .
Proton—Neutron Re51dual Interactlon o

A.J:,Krelner. o

o . - : T : ~r ~

The neutron number (or Fermi level) dependénce of the’ﬁ'hg/z‘@)VilB/2

two quasiparticle'collective structure is studied in presence of a residual
proton—neutron (p-n) interaction. The bare~nfn-interactiongis taken from the

'experimentally knoWnTThg/zcg'Q_l multiplet in the particle—hole nucleus

113/2
208B1. This force has the follow1ng features. The matrlx elements
£ J l)J, : .\V(J J )J) V -1 R (J=jp+J ) show small'deviatiOns

6ﬁ,60 keV) around a ‘mean of about 150 keV for the J=5- 10 states while - the

value for J=11 1lies at 886 keV. In other words, it is more or less constant
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for J=5-10 '(sﬁaller valuee of J do not play .any role. in the present
dieccssioﬁ) and strongly repulsive for the maximelly aligned state J=11.
Since the interest‘ lies 1in' studying the behavior of .the two
quasiparticle eystem as a ‘function of neutron number an expression for the
effective‘p—n force has to be derived which incorporates the fact that tﬁe
character ef the ccesineutfon changes from hole—like to particle-like when

the Fermi level, An’ moves across the 1 subshell from top to bottom.'

13/2

o | %
VAR /ARY 4-( LL {% +-§Y u, ) “ )

5 Uy Mo M fm».f a5 ™ Bl

ﬁ

\\\

‘Wobtalned from VJ1 applylng the Pandya transformation b, Al and y%are the BCS

11\ »

amplltudes and(). Cl label different neutron and proton state. As >\n

‘This expression is: - :

where V <KJ J )Jl l (i J )J>” is the particle—particle matrix element

'1

penetrates the i shell, the effective force and, in'particular, the

13/2 |
stfong repuieibn for J=11 becomes smaller and finally negligible due to the
mixed p-h character of the neutron in the middle of the shell; This fact'has

a definite effect on the staggering (alternation of small and large -
trans1tion energles along the bands) in the77h9/2Q§;L13/2 structure. It
1mp11es that _the staggerlng will change its '"phase'" along the ieotdpic
chain, an effect ‘which -has not yet been observed._Thie circumstance casts

| 208 | '

some doubts on (a) the adequacy of the Bi or a similar residual force, or

(b) the epplicability or accuracy of the model itself.

* Phys.Rev. €22 (1980)2570

1) S:P. Pandya, Phys.Rev. 108 (1957)1312.
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1 1V.5 Isovector andilsOScalar‘Pairiﬁg'Correlations in a- Solvable Model

Ceie o weL gL ke e kk o kR
'J.A. Evans ," G.G. Dussel , E. Maqueda and R.P.J. Perazzo.

We 1nvestigate the assumption that-alpha transfer enhancements are'

{

'mostly linked to the isovector pairing interaction. We consider -systems ‘of

“even number of nucleons moving in several e -shells of .total degeneracy'
'g:omega. We add, in the residual hamiltonian,v'."deuteron type of interaction
‘Aﬂto the usual.T= 1 pairing force;_" | |
| | . H—-(1+x)(P P) (l-x)(D D)

| f "gf.; +gf1L0°ngq)Tv1 . and .q:%{élaf1P29}§Z1jTZ°'

These operators, together with the number operator,ithe spin and isospin;

+ ,0,1, 1)

:and W [ a]o b v are associated to the generators of the 0 group . We

8
.use‘ this algebraf-toicbulld» the matrix elements of H ‘We consider a
:senlority ~Zero basis “corresponding to the 08 1rreduc1ble representation
A'Gl 0 0 0) and good N S and~T In the pure pa1r1ng lim1t (x-l) we obtain
“isospln rotatlonal" bands following the T(T+1) law and the sp1n degree of

::freedom shows an- almost "vibrational" behaviour. The roles of S.and T are -
jinterchanged'when xkisfreplaced_by‘fxuﬂEach;of thectwo channels present in HA
: induce‘awkind_of correlationithat.interferesudestructivelypwith<the‘othery~
.Forix=6;QH,corresponds'to the.Casimirvoperator of SU4.’ S

A“Inﬂthe figure'we show; fori1é6, the square'of the matrix element for a-

. four (alpha-like);.nucleonA transfer' together lwith vtwo x(T=l)J twofhucleon

transfers.‘These oorrespond‘to‘thehtwo.particle.matrix elements in which the

t:alphaftransfer shownm_would be factoriaed if only the pairing degree of
freedom were present{;They:are.seen.to increase making full use of the
correlatlons bullt by the pa1r1ng component of H lhe maximum for x~0 is

related to ‘the . fact that the alpha transfer operator preserves the SU

symmetry;

4
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b

can"conclude -from“our
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that

study and

of ref 2) 'that the

. 'alpha-transfer may present enhancements -even when the pairing interaction is

- »small and

thus, support the interpretation that At 1s, to a large extent,'

insensible to the ‘two body correlations operant in nuclei
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challenge for microscopic theory

' . . 3
complete theoretical calculations

.:l) B.H: Flowers and S. Szpilowski Proc. Phys Soc

Lt Fellow of the CONICET Argentina

- 2). 0 Dragun, G G Dussel E Maqueda and R. P J. Perazzo, Nucl Phys
(1971)529

School of Mathematical and Physical Sciences, Universlty of Sussex,
England : :

84 (1964)673

A167‘

17O Magnetic'Forn Factor

- IV.6 Core Polarization Effécts in the

_ : . *
S.L. Reich and-J. Vary

' The_experimentalvmagneticAtorm factor of 1

12

), that there 1s

et

7O'has provided a strong

'Recéntl§ it has been shown, with more

substantial disagreement



o 'be considered as independent boson degrees of freedom, coupled with‘the'
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over the entired range of the measured data. As part of a continulng effort

' dtdl-nnderstand‘,the. origin(s) of this discrepancy we present here,'a
Jperturbation «fcalculation dof v,the, contributions . arisingfijfron:.bcore

f_3polarization. - | |

. Within the Nucliar F1eld theory; shape osc1llations of the 60 core ma&

'fermionic <degrees of ‘freedom of the odd neighbour through a particle

‘ vibration coupling “. L, )

. _2’_ Ky ) Aaw Fow -

. PV.. e S

.f'Where K (r),—- R..d.U__.(AbZ) N

' : dr -

with U being the central one body posentlal

' And ol,,.- J_;_&r (CM+ cw)

C2a+1
where ﬁ)'is the‘usual_collectinebmodel‘deformationwparaneterr_and C+(C)
phdnon‘creation;(annhilation) operators. l |
‘ Up;to secondtarder'in perturbation theory;'the'matrix:element forla
'glven 'magnetic.transition, is‘given by the following diagramms'(figure 1),
"Where all p0351ble t1me order1ngs, of the.baslc processes (A), (B) and»(C)

-'must.be taken into account.

sz Cgasz o 4ds
. , -4l
==l 4+ x=-oT T+ X
T MA - Mar 1 o MA .
| a 2o . - M
ddsiz . hdsi2c - - - 4d
A | B _ . ()
Flgure 1

Renormallzation of the matrix element
<'d5/2 I MM A5/2> due to the particle
. vibration coupling
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Preliminary results show that the enhancement for the M5 transition is
bigger than for the Ml and M3 transitions. Results including a complete

-‘boson and fermion Spectra are-in progress.

‘* J. Vary Ames Laboratory‘, Iowa State University; Ames, Towa, USA

1) M.V, Hynes, H. Miska, B. Norum, W. Bertozzi S. Kowalski, F.N. Rad,
C.P. Sargent, T. Sasanuma, and W. Turchinetz, Phys.Rev. Lett 42
(1979)1444 :

:2) A. Arima, Y. Horikawa, H Hyuga, and T. Suzuki Phys Rev Lett. 40
(1973)1001 .

. 3) R.J. Macarthyfand.J.P. Vary, to be published_

* IV.7 The Fragmentation of the M1 Strength in 208,

gG;G. Dussel, R.P.J, Peraazo, S.L. Reich and'H;.Sofia;

The spreadingfwidth of a giant resonant_State»is determined in leading
lorder-throughithe coupling of‘that collectiye‘excitation'with 2p-2h states.
Since the MlatterA canr be intlerpreted as‘ 2- phonon states, th.e: lowest
'perturbative process describing this counling is represented by the diagram
' of figure 1. ' | '

‘This procedure' was Aused 'to evaluate the fractionation -of "the Ml

strength in 208be A considerable experimental effortl) has been devoted to

the study of the 1+(T=1)iresonance in 208Pb and still ‘many ambiguitles of
" the emp1rica1 data must be eluc1dated. The detailed knowledge of this state
provides valuable information on theG 0 channel‘of the residual nuclear
’interaction, allow1ng to estlmate its strength and the B(Ml). It is well

known that only a small fraction of the Ml sumrule has been found, this fact

being considered as an indirect evidence of the coupling to A -hole
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confignrationsz)Aat “‘300 MeV ef excitation energy. If We restrict to the
nncleoniel space we may consider .this degree .of. freedom leaving two
indepehdent free‘ ﬁarametes; ‘the vexeitation' energy W1+ ‘and' the vertex
function.J\ that couples the’ 1 state to the single particle'motion}

B The~ states % N. are RPA eigenstateS' of a residual- mnltipole

2

interaction with strength K and K., in the varios isopin channels.

T= 0" 01
Both cdllective and non collective roots have been kept.
The value of the diagram of flgure 1 is:

.D__ Ja"f-)]j')\"'ko +| r\ 4\ A A /\ HUJ A) NUJJ AB (JB)‘O‘,)J)> x

"., J‘ ” } CoNAEMDIND 1
‘ E

: ' AL T3 )
:\]z)ﬂ o M{“ ,\3 4]\\ f>y/\ll_]l>< ,"J

Where 4t is an energy denominator changing for each time permutation of the

vertices of figure 1.

Figure 1.

.‘Ihe Ml‘strength is transfereq mostly to states with A%N(ﬂ' where D

heeome so large that perturbation theory is not larger'applieable.aln these
_circumstances.a diagonaligation.is perrormed.

A tinical result-is shown in‘figure,z.lThe fragmentation is exclusively

due to the presente of.a pair of 37 or 5 states, particnlari? when one of

the‘ th phonons 1nvolved - is Athe correspondlng collectlve root. - The

attenuation factor .in. the .vertex J\ that accounts for a transfer of - strength
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to theA -hole configuration causes no special redistribution of the strength

that is localized at low energy.

§BMD L]

10-

rrrrry

Figure 2 .
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1) R.J. Holt, H.E. Jackson, R.M. Laszewski, and J.R. Specht, Phys.Rev. C20
(1979)93 o

-2) A. Bohr and B.R. Mottelson, Phys.Lett. 100B (1981)10

IV.8 Perturbative Treatment of Rotating Fermion Systems

D.R. Bes, 0. Civitarese, R. Liotté, M.T.A de Mehr and H. Sofia

In reference 1) a general‘procedure was deyeloped‘which eliminated the
* infrared divergencies associated with perturbation theory in a deformed
basis.'Appiication of this procedure to the two-and three-dimensional rotors
was carried out during the present period.
.1) Two-dimensional rotors

The (exactly soluble) case of an even number of partic1es moviﬁg in a
harmonic oscillator shell and coupled by quadrupole forces was studied in

reference 2) using the formalism described in reference 1. The calculation
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nasibeen'extended'tosthelodd'caae,'wnereVagain’eXact'reaultsarefreproauced
tdnthe#order‘of:the perturbation which‘haéxoeen Eénsidéréd;

i Tne:formaliam'of'reference 1)21§-appliéd to the aeecription of the
Vduasiparticlefmotion in many shells. The quaSiparticlesiare congidered as
elementary (iht;iﬁsic)‘ éingle ﬁarticlei‘modesf of‘ a. syétem’ which rotates ‘
¥collectively'gpairfng'modes). ¥ -
'The structurei<ofﬁ tné 'quasiparticle—pairing 'counling',terma% and lthe
‘xstructnre of'theipairing "rotational";mode'is explicity diecuaaed. Numerical
calculationSfare'performed for the caae of the even Sn;nnclei.
ii) Three-oimensional‘rotors

‘ The'mainldifference;mitn tne two?dimensional'caee.arises:from the fact
that the collectime"degrées of | freedom' cannot "be eliminateé from the
effective qHamiltonian through path 1ntegrat10n techniques; A ‘possible
solution is-to work in the product space of ‘the un1f1ed model -

Yoo (B =D (¢) Xy

with the effective Hamiltonlan ‘ .
_H'= %fg[n +)‘D (I -L ® + Q 5_(1 det(1[L e 1) /n]
-Here’l' are collective angular momentum operators in the body fixed frame
and lvfare ‘their mlcroscoplc expre331ons“1n terms of partlcle'varlables. It
is convenient to choose Gv as the microscopic expression for the angular}
‘variableiconjugate to Lv;.at least to leading order -in a small '‘parameter -
Q—I; They rare conveniently chosen'to'be‘proportional to tne'comoonents of
the quadrupole‘tensor with vanishing expectation value,'namely'
EYJCHRE SO M
The parameter Q is a (non-vanishing) expectation value of the quadrupcle
operator. The frequency

- é/szD)a

is common to the three spurious modes and goes to infinity as D-—»0.
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The "Coriolis" term I L /D is of O(Q;5

) and thus not,sufficiently small
from the point of view of the Q- dependence. It is e11minated (as well as the
rotational term (I/ZDXEI by means of the transformation et with
= -5_1 o :
Only the commutation of H and T contributes to the 0(1) of the rotational
energy, and the corresponding terms yield the Thouless-Valatin moment of
inertia. However, the aim of the present approach is to go beyond this
Aorder._All terms in H' are necessary, for.instance, in order to obtain the
Fotational energy to O(Q_l)
The resultant effective Hamiltonian includes arbitrarily large re31dual-
- interactions (D—#(D._ These may be conveniently treated within the NFT
formalism, which‘also:allows to cast the results into a power series in Q .
The:procedure has~been_checked,against the Sﬁ3 Elliot model. This_mode1,
yields an exact rotational spectrum I(I+1); the excitation energies ofdthe
different band~heads and quadrupole matrix elements within a rotational
band. These physical magnitudes are exactly reproduced to the order of‘the A
expansion in Q-1 to which our calculation is made3); This is at least an_
order of magnitude higher than the one corresponding to the semiclassical
264

approximation (cranking model). Application to the realistic case of Mg" 1is

in progress.

1)-V. Alessandrini, D.R. Bes and V. Machet, Nucl.Phys. Bl42 (1978)489
2) D.R. Bes, G.G. Dussel and R.P.J. Perazzo, Nucl.Phys.'A340 (1980)157

3) D.R.,Bes; 0. Civitarese and H.M. Sofia, ﬁucl.Phys. A370 (1981)99
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©IV.9 The'Niissoh—Bogolubev and the IBM Picture of Deformed Nuclei

. ) *. _ K% _ * ek
D.R. Bés, R.A. Broglia , E. Maglione and A, Vitturi

We try to answer the question of whether the Hilbert space subtended by

the“ pair aligned model - suhspace,b} which is contained inside the

[

Aparticie—aligned model subspace; is large enough so that the properties of

_atileast the'ground'state oan'deformed nucleus are contaihed within it. The
diagonalization of‘ a pairing plus quadrupole Hamiltonian is carried out
making use ef the wavernction -

IIV7 “ (U (m) + v, (m) a (Vm) a (Vm))'07 ‘ (1)
Zo'with W1gen§a1ue qv(m). In the aligned

_fermion model . the quantities U”(m) and Vv(m) are the standard BCS occupation

The stateslv m> are eigenstates of Y

"parameters are (cf.ref.3)

B¢, @m)

A' : . ’ '\/(nm)-, =
fgen 0 (et

- Uymys
The calculations'were carried out .for the case of a j=41/2-orbital, for
an equal humber of neutrons and protons. The ratio A/Sg between the pairihg’

gap D and the total energy splitting §e of the different magnetlc substates

- of the i- shell has the realistic value of O 1 Thelamplltudes c(m) are

.c(m) =_Q.A5__V2)\+1 < jm 2ol jmy ™,
o A v

Calculations were done for)\ =0,2 and A = 0,2,4 (flgure 1)

The 1nclusion of pairs of fermlons with )\> 2, although hav1ng small
amplatudes,‘1ncreases<the relatlve 1mportahce of the D—palr w1th respecto to
the S-pair- and quadrupole polarize‘the niucleus. Using the SD .part of the
fNiiSSOh_plustCS wavefunction (do = 0.57 and d2>= O.77)Ite calculate the
expectatioh value_of the quadrupole moment; one ebtains.a result hhieh is

rather similar to that predicted by the Nilsson plus BCS model. Such

caleulation includes re-normalization effects ~ arising from pairs of
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patrticles coupled to higher valués_ofd‘x N andvﬁave the &rawback‘that‘they
can bt carried out only after the'taICulatioﬁ‘in the full space haslbeen
done.

Similar results are obtained for the set.of degeneréte levels used in

refereﬁce.l).

0.4 '__ll—l'—"’l;—l""'r"- .LO
OJrN’BCS 7 08
& » 056
& 02 S
S 04
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0 0
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o ! \.SDG _s o | 08 | 060 | 051
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| Lol 0.25 | 040
01+ = )
6 0.09
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* Niels Bohr Institute, University of Copenhagen, DK-2100 Copenhagen,
Denmark, , :

*% TInstituto Nazionale di Fisica Nucleare, Laboratory Nazionale di Legnare,
Padova, Italy.

*%% Tngtituto di Fisica Gallleo—Galilei Univer31ty of Padova, and INFN
Sez. Padova, Italy.

1) T. 0tsuka, Nucl.Phys. A368 (1981)244
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IV.I0 The Nucleus as a Condensate of Monopole and Quadrupole Pairing

. Cx - . . _ .
Vibrations : o L : o

a)+

' +
‘R.A. Broglia/ , E. Maglioneb)f, H.M. Sofia and'A..Vitturic) .

It has been.shownl) that'the-aligned navefunction, and the_nayefunction
| obtained by restricting pairs of particles to. be coupled to angular momentum
zero and two as assumed by the quadrupole phonon model (QPM) 2) and by the
interacting boson model (IBM) 3) are, for strongly deformed systems, rather
different. fThey become identical in the vibrational 1limit and:;display :
different degrees of similarity for intermediate’(anharmonici situations4).
To which extent this difference reveals itself in the. predicted properties
of the low—energy nuclear spectrum is an open. question.AIn an attempt to
clarify this point we have calculated.the spectrum and the electromagnetic
and two-nucleon transfer probabllities for some strongly anharmonic and
'trans1tional nuclei, in the framework of the nuclear field theory (NFT)

5).' These calculations whichp_are

versiOn of the pair aligned model
microscopic, depend on the strength of the pairing and particle~hole
interactions. We  find - that for standard values of these parameters, the
moment.of inertia of both the beta- and the alpha-bands are too small.

While the main .pattern of the phase transition observed in the
Sm—isotopes is displayed by“ the model, major deviations are ‘observed
concerningfthe properties of the beta—vibrations, and in‘conneCtion with the
two-nucleon transfer strength.associated with the 2+ member .of the ground
state rotational band.( | | | |

ln‘.spite' of -all these limitations, the '51mplic1ty brought by the
Quadrupole Boson Model and by the IBM are attractive. The best example among

the cases studied is the change in the spectrum and in the structure of the

wavefunctions associated with the phase transition taking place “around
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. These - ‘calculations were performed at the Niels Bohr Insrltute of .

Copenhagen-Denmark and at the Oak Ridge National Laboratory, USA
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System in Nuclei", Erice, June 12-19, 1980.

D. Janssen,. R.V. Jolos.and F. D6nau, Nucl.Phys. A224 (1974)43.

_F. Tachello, in Interacting Bosons in Nuclear Phys. Ed. F. Iachello,

Plenum Press, New York (1979)1, and reference therein.

T. Otsuka, Interacting Boson in Nuclear Physics, Ed. R. Iachello, Plenum

‘Press, New York 1979, p. 93; J. Mc Grory, ibid p. 121.

D.R. Bes and R.A. Broglia, in Interacting Bosons in Nuclear Physics, Ed.

'F. Iachello, Plenum Press, N.Y. 1979 p.143."

R.A. Broglia, K. Matsuyanagi, H. Sofia and A. Vitturi, Nucl. Phys. A348
(1980)237. '

. ‘ *
IV.11 Nuclear Field Theory Treatment of Complex Nuclear Spectra

a), K. Matsuyanagib)

c)

R.A. Broglia » H.M. Sofia and A. Vitturi

The treatment of the interplay between collective and fermion degrees

of freedom provided by the nuclear field thecryl)(NFT) is perturbative and

graphical Thus, no diagonalizatlons are to be performed but the different

transitions as Well as energies are to be calculated by summing up the

corresponding graphical contributions to the order in lﬁﬂ.des1red. The basis

states are product states of the collective vibrational modes observed in

-
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nature,:iﬁeufsurface,modes,lpairing.vibrations,-spin_and isospin modes'apd
of'single,particles,~; |
'..The,centraldfeature-of_the_NElnis that fermions and bosons areitreated
on‘par. lhus; the Pauli principle‘is properly taken care'of'at every order
of perturbation.p | |
| In the present work we ‘attempt to extend. the scope of the NFT to deal
With some vnon—perturbative 51tuations,} in particular‘ with moderately
anharmonic 'nuclear-,spectra;.'lhis his done- by utiliiing the .result 4that
particles‘ moving‘ in, single-particle .orbitals and 'interactingt thrdugh a
pairing and .a quadrupole force display- ‘the ma1n properties of rotational,
v1brational and trasitlonal spectra. We also use the simplifying ansatz “of
-the quadrupole phonon, model [QPM cf.refs.2),3)] andjqofl the ~interacting
boson model [IBM;cfiref.4) and. references therein]
" The pairing plus—quadrupole part1cle~hole model in a>s1ngle J-shell in
a basis of- pairs of fermions coupled to)\ =0 and ) 2 has a mapping onto a
space of monopole and.quadrupole'parinéqphonons. It is possible to find a
set. of rulesksuch'that the mapped matrix elements can be calculated in the
framework of the NfT; The model contains some‘ of the features of-
transitional nuclei as well as the v1brat10nal and in some very approximate
Away, the rotational patterns. The“model beiné fully m1croscop1c,.contains no
free parameters, "but -'the known strengths of the monopoleland the quadrupole
_pairing forces as well as the 'strength of the quadrupole particle—hole
1nteraction. The resulting fits cannot reproduce essential features of the
nuclear system like, for example, the energy splitting between the pa1r of

states 3 —4 5+76+, etc., belonging to the qua51- —band. Because of the

s1ngle J—shell approximation and thus the absence of palrlng v1brational'

Tt

modes, the oﬁbserved features of the qua31—XLband are poorly reproduced

The two obv1ous exten31ons of the model lle in the inc1u31on of many

-,J:‘._.. s

j—shell and in the treatment of odd nuclei. The<f1rst step would allow,
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among other things,'the introduction of a second monopole pairing boson
(s}-boson) associated with the fluctuations of the pairing gap (pairing
vibrations), and thus for a more realistic description of the‘g-vibrational

‘modes.

* These calcutations were performed at the Niels Bohr Institute of
COpenhagen, Denmark Nucl.Phys. A348 (1980)237

a) The Niels Bohr Institute, Unlver51ty of Copenhagen, DK-ZIOO Copenhagen,
Denmark. .

. b) Kyoto University, Department of Physics, Kyoto, Japan;

c) Universita degli Studi di Padova, Instituto di Fisica Galileo Galilei,
Italy

1) P.F. Bertignon, R.A. Broglia, D.R. Bes and R. Llotta, Phys Reports 30c
(1977)305 and references therein.

2) D. Janssen, R.V. Jolos and F. Donau, Yad, Fiz. 22 (1975)965 (Sov. J.
Part Nucl. 8 (1977)138)

3) G. Holzwarth D. Janssen and R. V. Jolos, Nucl Phys. A261 (1976)1

4) Interactlng Bosons in Nuclear Phy51cs, Ettore Majerana.
‘International Science Series, ed. F. Iachello (Plenum, New York 1979).

‘IV.12 Two Correlated Quasiparticle States in the Principal Serie

" Approximation

J. Dukelsky, G.G. Dussel and H.M. Sofia.

The application of the Principel Serie Approximation (P.S.A.) to the
‘descriptionA of.Athe ground state and. its comparison with the . usual
Hertree—Fock-Bogoliubov methods was presented in‘reference 1.

‘In the preeent work it is .taken advantage of this knowledge to
constructvthe two quasiparticle excitetions in superconductive (non—deformed)

systems, In the P.S.A it has to be distinguished between addition and
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~

removing quasiparticieé,fcdrfeéponding to égates iﬁ the syétems with-2M+1 or
- 2M-1 paftiﬁies: Heﬁée,.thefe are three sorfs of two quasiparticles étafes in
thevsystem:witth pairs of pa;ticles, one‘correspoqu to one addition and
one removal quasiparticles in the M pair system énd the others correspond-to
two addition (removal) quaSipérticles on the M-1 (M+l) pair system. It is
then possible to comstruct three different sortsiﬁf bosonic excitatioﬁ%, oné
hés a ﬁarticle;hdie‘charactgr (for.éxample the;usuél_Zf colieeti;e:s;ate in
sphericai nuciei), and the others have a two particle (hole) structure.

The distinction between tﬁis two typés of excitations in closed sﬁell
nuclei es quite clear because forlthose nuclei the concepts of particle and
hole are _well- defiﬁéd.E'Moreover, -the admixture between both tjpes of
excitations, due to.;he ground étaté éorrelationé, is of one.order less than '
the R.P.A and it égn bé'caltulétéd pertpfbatively.

The situat;oh is gompletely diffefent in superconducéive nuclei bééause
it is found thét the PS for the parficle-hole‘énd particle~particle Green
functiops are mixed in the leading ordér and nust be trea;ed togethér gi?ing
rise_tolamdifferent R.P.A. equation for fhe description of the collective
 sfates2). In ﬁarticﬁ;ér; there ére two important points arising when both
véreen,functipnsaarelmixed.~Thé first one is thét the'number of stateé cbmes
out cqrrectiy, wﬁiié]whéﬁ both Gfeen's functions are treated sepératel& the
number of statéé is tﬁicévas big at ieast. The éecond one 1is that the
" coupling begween both collective states changes the values of the vtwo
particle transfer to excited states and its elecfromagnetic properties(lThe
moét striking diffefenéé is the cﬂange in- the SME for QZM and its EWSRf
These changes williprOQuce a rather large chahge in the inelastié écattering

cross section of high projectiles, that are related to. the SME of the mass
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quadrupole operators. It must be noted that if the effective charges are:
evaluated microscopically there will also exist a big difference in the

electromagnetic properties in both'description.

1) G.G. Dussel "and D.R. Bes, Nucl.Phys. A323 (1979)392

2) D.R. Bes, G.G. Dussel and J. Gratton, in Proc.Inter. Nuclear Physics

-Conference, Gattinbrurg, p.-499, ed. R.L. Becker, Academic Press, N.Y.
1967.

IV.13 Separable Interactions and Excited States in Open Shell Nuclei

J. Dukelsky, G.G. Dussel and H.M. Sofia.

. . . : . ' ) . e :
Separable interactions have been widely usedl’ in the description of
nuclear collective and single particle excitations. The introduction of -the’

2) and the quadrupole—quadrupole3) one, made pdssible to

pairing inferaCtion
understand dualitative features of ’fhe low. energy spectra of medium and
hea&y‘nuclei. |

The  concept of .partiéle-pérticle  (p-p) and parficle-hole (p~h)

collective degrees of freedom in double closed shell nuclei appears as ?

' consequénce of the exiSteﬁce of these two interactions.

H=HP+H
. 5y O i
'5_5 cj ¢, +'ijv3’kl CHES T cl]}o
- xo
J4 5 ¢ +Z.—. Qij k1 {[Ci RN }o
D

Where CIm ~ creates a particle in the state (i,mi) while C o transforms

& . . rk’&
under rotations as (k,mk).
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Tﬁé aim of this Qork ié to.study which-are the rgl@vants terms pf the
‘two body:hamiltoﬁian‘fdr an R.é;A. desqription éf‘thé bosonic excitations in
<‘open‘sheli nuéiei, wﬁere the concept.of particle and hole diséppears.
Iﬁ this work:afg‘shdwn‘the following features:

!
1)  The introduction of both types of interactions does not produce any

tang

doubleﬁcounﬁing of prqcesées up to'the order of approximétion utilized in
the R.ﬁ.A. .
é) Thgﬁ(pfp) hamiltonian caﬁ be obtained ffom the (p-h) one through a
1:ecoupling.0f the_ope;atofs.AThis gives the contribution to the R.P.A. of
all phg,) (p-h) #erms-equivglent(té’é givenlJ=I(p;p) term..
3) Thé'éﬁm df ali:the‘rédbupling ter@s is of the same order and.therefore
‘ théi#_éohtriﬁpﬁioﬁé;must be included_in a J=I RPA égicuiation.
To analize the: cdnsequeﬁcés &ue .to‘ the simultaneous use‘ of both
'1nteréctiohs a.balcﬁlapion'is done'for.thelfirst 2+ éxciged state éf the Sn
isotépes.=Th§reﬁé£é'tWo main pbnseqpencés fhat ap?ear.frp@ this calculation.
 ong ié the ra;ﬁef lérge ihcrease in ;He two particle t;ansfér spectroscopic
amflitudes,vénd ;thé,vdeqrease-,pf  the mafrik ‘element_'associated. with the
electromagnetic.‘transition to the first excited state. The other is the
drastic decrease of the energy weighted sum rule for.the operator Q. Thesg
two featureéxmay béﬁéonsidered as due td the' almost complete disappearance

of the backward émplitudes,.and therefore the ground state correlations.

* . Submitted to Phys. Lett.

1) A. Bohr and B..Mottelson, Nuclear Structure, Vol.Z; W.A. Benjamin
(1975)p.340. . :

2) ‘A. Bohr, B. Mottelson and D. Pines, Phys.Rev. 110 (1958)936.
S.T. Belyaev, Matt. Fys. Medd. Dan. Vid. Selsk. 31 N°11 (1959)

3). J.P. Elliot, Proc. Roy. Soc. A245 (1958)128.
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IV.14 A Reformulation of the Mode-Coupling Method+

* : Y )
R.J. Liotta , C. Pomar and B. Silvestre-Brae

The. Médefcoupling methodl) describes the nuclear spectra around
closed-shell nuclei in terms of pafticlé-hole' and particle-particle
correlatéd”stdtes. The method is simple and‘élegant but there are a few
disgdvantages invusing it, maﬁely
i)l the‘overcomplete éet of basis stafeé provides a number 6f spurious

© states which may not be easily disentangled from the physical states

in a realistic caiculation,Awhere the basis has generally to be |
truncated (drawback sharéd_by the nuclear field theory),

ii) thé matrix that providésAthe energies islnot herﬁitiaﬁ and complex
solutions may be obtained.

iii)v If.is ﬁot clear how to calculate the wave functions, for;which

| arbitrary normalization conditions have so far Seen ﬁsedl).

In .this work, we reformﬁlate the mode-coupling method to avoid the
three drawbacks mentioned above, while keeping the esgenfial positive

features of the model. The method is applied to the nucleus 91Nb.

+ Lett. Nuovo Cim. 27 (1980)100
* Research Institute of Physics, S-104 05.Stockholm, Sweden.
*% Institute des Sciences Nucléaires, Grgnoble, Ffance.

1) P. Ring and P. Schuck, Z.Physik 269 (1974)323.
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IV.15 Multi—Step”Shell-Modéi_Ireatmentfof Six—ParticleuSygtemsf .

* v
R.J. Liotta and C. Pomar

_The main achieveméntl<of ‘models ..containing: correlafed.fstates in the
basis - is -that: with only a few. basis states. a rather- lérge,-amount -of
experimental data<isté#plained,:. |

AIIh‘this worknwéaexgendéd~the‘methdd-given in reference 1) to- analyse
four= andzsix—ﬁarticlé‘systemsnoutside'closed-shell cofes. Thgvbasic idea
here is to use the two;ﬁarpicle spectrum components as buildingﬂblocks to
describe;gtheggfouf—pafticle .s8ystem. Once ' the four-particle spectrum is
obtainéd, sﬁe:~dse<qthié‘.spectrﬁm :and ﬁ;hat of the two—ﬁérticle \sYstem’yés
building blocks to describe the six—particle‘ system. .We found. that wthe'
formalism Hturns _out" to ‘be very simple. The équétions fhat -describe the
sikfparticiq,areﬁacfually‘simﬁier.than the cotreéponding,eqﬁation for £he
- four-particle system.:

204

~ L< Thefméthdd-ig'applieduto analyse:<'the . 'Pb. and gOZPb spectra-and (p,t)

reactionsz).ucood:agreément‘with experimental data is .obtained. A liaison

between this calculation and the pairing model is found and the . importance.

of the Pauli principle upon the pairing vibrational states 1is attested.

+ Nucl. Phys. A362 (1981)137. . °
Phys. Lett. 92B (1980)229.

* Research Institute of Physics, S-104 05 Stockholm, Sweden.

1) Research Institute of Physiés, Stockholﬁ, Ann.Rep. 1978 p.68ff3and'
references thergin. '

'2) W.A. Landford, Phys.Rev. 16C.(1977)273.
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203 207P '204Pb+

IV.16 Structure of Pb in Terms of b and

. - . : ,
‘R.J. Liotta and C. Pomar.

It was recently shown thatlfhé spectré of even lead nuclei -can be

dgscribed~within a multi-step shell-model me;hod-(MSM).'A nucleus calgulatéd_
.in a given step 1is USEdV as a buiiding .block in sucessive stepsl); An
imporﬁant feature of the MSM.is thét ¢n1y ver§ few states aré requifed to
get, a good Aescription of the final nucleous thus allowing  arastic
truncations-of the original shell-model basis.

In this work we apply the MSM to the case of five holes outside .the

208 203

Pb core (i.e. Pb) where a complete sheil-model calculation would be a

very difficﬁlt task. .

It is found that most 203

Pb lévels'(up"to 1.5 MeV)téréuvéryvbufe and.
'lonly oné.MSM vector is néceésary to descriﬁed them. An important excepfioh

is the first state 5-'wich fequire.a;'ieaét three MSM bases véctors for ‘its
‘desqrip;ion. This is<du¢ to_the fact fhat the state lp% d:;%_> is very much
“blocked by the_Pauli-principle. Very good agreement 1s obtained with the

expériﬁental energies in the first ten described states.

+ Accepted for publication in Phys.Lett.B
* Researéh Institute of Physics, S-104 05 Stbckholm,'Sweden.

1) R.J. Liotta and C. Pomar Nucl.Phys. A362 (1981)137.
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lV,ll’Graphical Multi-Step Shell-Model Calculation of Even Tin ‘and Lead

+ - _
S Ground States : .

%
C Pomar and R.J. Llotta

B

.‘jIn wthis twork we 1ntended to generalize the Multi Step Shell—Modvl_
:method ) (MSM) for a system U consisting of a number of s particles..We thus
assumedG; partltloned in. the subsystems P—andkv with number of part1cles m-
and.mjrespectiyely, suchjthat n’'is even and m=2 " For this partition of ‘the "
system 6'weﬂlntrodueed a. graphlcal‘proeedure to'evaluate the MSM dynamieal.
matrix.”*wei applied thlS equation ‘to“ analize 'ground—State ,energles rot.
spherieal;nuclei? This ground state may be assumed to be proportional to
onlyfione Mgﬁl;yector.f Namely, )6~—gs)—N\P(gs)c©3)(gs)7 ; where”'N’:is:‘a
normallzatlon constant W1th1n this: approx1mat10n we obtaln |
| »g.-W(a)+vgy(b)+w¢<c) R | | -
'Where K@ @ R R0 = ) SR @) - W D)

(c) = W (4) - ZW .Kz);f andy<Wgsﬁm)i:is:‘thet;ground—state' energy. of'.the
mjparticle‘system.- | | |

| ;iniTable:l:mé;gige‘both the'ekperimentaljand:calculated ground-state
:energies‘{in‘hthe}:lead:fand ”Ein ;egiéﬁsg[ Iakingsyinto ’account‘ the great
differenees.hbetueenlithe zero iorder' energies 'ﬂ&(a) and - the experimental
values£ One ean:wellfsayAthat the agreement betwéen‘theory and experiment is'
_ good.:Inftheimiddle‘ofethe major'shells, where the shell*model dimension is

of the order of several millions, this agreement'is excellent..
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TABLE 1
Asn (A = 132-n) ‘ , b (A = 208-n)
n| Wi(a) - Wg(b) | wo(theor.} Wg(exp.) Wo(a) Wo(b) Wo(theor.] Wg(exp.)
6 | 37.380 —— - 39.240 38.796. | 43.035 | --— ' 44.463 44.246
8 | 50.946 1.416 53.292 5z.7zz: 58.353 | 1.211 60.278 | 60.170
10| ea.872 | 1776 61,578 67.158 | 74.277 1.817 ) 7§.aos | 76.370
12 | 79.309 2,287 82,526 82.146 90.677 | 2,293 93.684 | 93.470
14 | 94.296 2.837 98.063 97.737 | 107.577 | 2.793 111.084 | 110.950
16 {109.887 .|  3.441 114,258 | 114.008 | 125,057 3.373 129.144 | 128.610
18 |126.158 4.121 131,209 | 131.117 | 142,717 | 3,553 146.984 | 146.820
{20 [143.267 4,959 | 149.156 | 149.162 160.927 4.103 165.744 | 165.690 |,
22 {161,312 5.895 168.137 | 168.120 [179.797 | 4.763 | 185.274 | 185.000
24 1180.279 6.817 188.026 | 188.200 | 199.107 5.203 205.024 —
‘|26 200,350 | 7.921 | 209.200 | 209.260
28 [221.410 | .8.910 231,250 | 231.240
130 |243.390 | 9.830 | 250.150 | --mmn
Table I Theoretical and experimentalz) ground-state energies (in

.MeV). in the tin and lead regions. The number of active

particles in n. The theoretical zero order energy Ws(a)

is given together with the correction We(b). The
contribution Wy (c) is 0.930 MeV in Sn.and 0.714 MeV in Pb.
Some "experimenta%; data are actually estimated from
systematic trends . In this,case, rather large errors (up
to 1 MeV) may be enfggntered . In addition, the binding
energy of the core Sn is only known within an error of
200 keV. o ' : '

+ Accepted for publication in Phys.Rev.C.

+

* Research Institute of Physics, S~104 05 Stockholm, Sweden.

1) R.J. Liotta and C. Pomar, Nucl.Phys A362 (1981)137

2) A.H. Wapstravand K. Bos,'Atomic Data and Nucl. Data Tables’ig (1977)175.
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" IV.18 Microscopic Description of Yrast States in Spherical Nuclei
'y h s o : ST .
R.J. Liotta and C. Pomar

It was recently sho&n thé; the ground-states of.the‘even Tinﬁgnd Lead
isotopes can bé described 'in terms of only oné ‘multi-step 'shéll;model'
vector}) (see'a;ﬁo'cgnf:ribqtion_l\l.ﬂ)T Thg yalidity qf this appro#imation_
is essgntia}ly.Saged;in the fact“ﬁhat thﬁsg states are isolated frbm>the
’reSt‘Q% Fhé'spegprum. i; seems peasonab}e to extend this assumptioﬁ to %he
case Of'the y;ast stafes fthat we_callﬁ@b) wich are_algo isoléted fromrthe

‘rest of the spectrum. Fo;_theée states we assume

+ o+ |
[o=Mes, @56 P(esy # Bploy (D L
Where FT@im) is the m—pdfticle creation operator of the physical'state0<m.
The amplitude X vplays; in the present :éppfoximation, the role of a

" normalization constant and gs, label - the. two-particle ground state. The

2

approximétioﬁ'(i)"Qéui&ﬂgé vaiid as long as the norm . of the vector[©g>'is
<nof negligible, i.e. 5s'ibng as‘the Pauli priﬁciple iéyﬁqt‘very effettive in
blocking fhe state(l). But if the number of ﬁarficles n is largeieﬁough the
single—pa?ticle shells'hpoﬁ whichltﬁe:véctor (1) is 'built would be filled

and the]approximation'(l) would break down. This is what happens with the

202

vector P+(92)P+(gsn)lo7in Pb (for details see p.l59 of reference 2)).

This vector is much less important than the vector (1) because the
states leé%gsi>are very "pure" (i.e. they are described by very few

" shell-model configurations) in comparison with the notmal pairing vibration

‘gsé}.

For the yrast states we obtain then from the multi-step shell-model

2)

dynamical equation™’. ==

W(o) - W(gsy) = W Hi,

where W) = (1 +5_,)(N(®) - W(gs,) - H(0, ;) and

1



W, = (1 f-énu)(w(§s4) - Z‘W(gsz).-
wEn) is the energy, refered to the "core", of the state %n,
Within the same approximation W(gss) is calculated, such that.

With E(OE) = W(GE) - W(gss) one finally obtains

E(6,) = E(6,) +AE(e;) (2.1)

AE(e) = E(,) - E(e-n;z) | | (2.2)

A i.e. the energy of the sfatesvégAwouid follow a monotonous variation with
. the number.of particies n; IfAE is pega;ive (positive) in the beginning of
the major shéll E(Gs) would decrease (increase) monotonously’with the number .
" of particles. This is‘indegd a tendency followed by all spherical nuclei. As

an example (which is rather typical) we show in figure 1 the hole spectra in

the lead region. Other examples are shown, e.g., in reference 3).

"Eﬁwaﬂ‘
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_——‘~~ .o -
‘a‘-—\\ 5
—_— ’ S—— gt
/——((’
1.0 —e— ———
00 | 0*
204 202 200 198 196 194
S Pb , —A

Figure 1: Experimental neutron hole spectra in the lead region

As mentioned above, eq.(2) cease to be valid when the single-partiéle
shells that constitute the vector (1) are filled. For instance, the states

4+»1n figure 1 are built mainly upon the shells Py p3/é, f5/2' These shells
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are” filled in"lgan and’ thérefore ‘the> tendency mentioned above is .not

followed in this nucleus. Ohe'may~tﬁén;app1y eq. (1) étafting from ‘the other
extreme of the major shell. Thereby the meaning of "empty" and "full" shells
are 'interchanged and eq.(2)  continue to be valid, in agreementf with

K

experimental data.

} Submitted for publication to Physics Letters B.

* Research Institute of Physics S$~104 05; Stockholm, Sweden.

1) c. fomar and R.J. Liotta, Phys.Rev. (to be published)l

2) R.J. Liotta and C. Pomar, Nuél.Phys; A362 (1981)137.

3) T. Lonroth, B. Fant, K. ‘Fraﬁsson, A;'Kéilberg and K.O. Petterssbn,

Phys.Scripta 23 (1981)774.
K. Fransson, Ph.D. Thesis, Stockholm Univer31ty, 1981.

IV.19 A’Gfaphical Procedure to Evaluate the Many-Body Shell—Model

‘Equation: The Ground States of Spherical Nuclei+

. » N _
‘R.J. Liotta - and C. Pomar

Théi éraphica} ﬁetﬁddA ;ntroquced inA refefencé 1) .(see» algo above
previous contfibution) was éeneralized for any kind Qf particles of a system’
'cr(i.e. ﬁhé system’crcaﬁ be partitiohed in any number of bloéks, each block
containiﬁgzény‘puﬁber of pa;ticies). Iniadditionlthe'overlap (of metric)
matrix ié.'also fevaluéted using the gr;phical prpcedufg of réference 1)
extended for this 5urpo;e. o N

. The -graphical procedure has.begn used to analize systems where pfofon
and néutron‘degrees éf;fréedom’pié§ é'réié;llh'pa;tiéular.it was studied

nuclei with 4n particles 0utside.tﬁe core such that thosé,4n nucleons were
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2n neutron and 2n proton (n ‘alpha-partieles pucleii. AAssumingA that the
groundestate for a nucleus with s=4+n nucleous ou;si&e a magic core can be.
written as

- |esis>=N_ |4(gS) ®n(gS)>

Where N is a normalization constant, Whlthin this approximation we obtain

. ©) , (1), (2)
W = + W + W
A Tdg dg Ay
'Where '
(0 _ ‘ | ;
wd.s wo\u W ' - .y
() _ o g PP
T S P Ve (1-5)
2) . :
W =W - 2W (l.c)
ds T Ty o :
Where Wd labels the ground state of the m/4 alpha-particle nucleus.

In table 1.Qe show  the ealculated‘gfound-state energies correspohding
to 208Pb_-plus alpha-particle nuclei. This is a good -example of the breaking .
. down. of a pure MSM descriptiOn' when deformations set in. For spherical

,nuc1e1'thebcalcﬁ1ated energies are in good agreement with experimental data.

N z B W@ 'l;l(t'hc—o;'.») ¥ (exp.) a4

'_1321 aé 58.78 | 0.75 |  60.28 60.14 | 0.14
134 .*~9o' 79.48 | 1.36| 8159 | - e1.13 | o.46
.136 9i ©100.48 1.65 102.88 | 102.62 1 0.25
138 94 | 121.97 | 2.15 124.87 12420 0.66
140 96 | 143.55 | 2.24 146. 54 145.40 1.14
w2 | 98 164,74 | 1.85 | © 167.35 165.98 1.37
144 100.» 185.32 | 1.24 |  187.31 | - -

Table 1

Ground-state energies (in MeV), eq.(l) for 208Pb as

the core. The numbers N and Z indicate neutron and

proton numbers, respectively. The contribution Wy

(eq.l.c) is here equal to -0.75 MeV. The. d1fference

between theoretical and experimental values is d (eq.2).
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In fhe:well4defofmed§nuciei;(above.A%228‘in table 1)7the:coﬁtri5ution ¥
is)_does neg increase regularlY;W%th A,‘as:for sphericay.nqclei,,and?the
energy diffefeﬁce‘betweenvtheory'and experiment is more than 1 MeV.
| A similar effect 1is seen in the tin . region, as shown .in table 2. For

R
A > 148 one ﬁeechee a well deformed region and the contribution Wfs) shows an
irregular depen&ehce epon A. ;Another interesting feature emerging from
eaele 2 is that when one crosses the magic number Z = 82, a eudden jump in
:d‘='wds(Athev“orl.)-‘- Wd's-v(exp.)' o W@

is seen. This is because our MSM states contain .only eingle—pérticles

o || v ] <1>T;§}u,w,) e | e
ssse 8739_ --(;...09 87171 87.00 | -0.59
“"9_0”_w;;w_no.%_ 0.41 117.28 117,20 ' 0.08
e ]
92 | 60| 146.36 | 0.2 146.51 147,36 | -o0.85
>¢;; 1 62| 176, 52 1;bo 17143 177.30 | f 0.134
96 ' 6; - 206.46 0.78 207.16 206. 'oo I oise
~9n“ . (->6~.'2'JS.76 0.13 235.80 |- 235.34. 1 0.6
‘100 68 '—264'.50 —o.}.z 264.00 | 263.08 0.92
N e RIS NSRRI I |
w02 | 70| 292,24 =14z 29073 'W 290.07 , '0.66:
101.:-: | 319.23 | -3.17 e | mem ,° 864
:'oa 1 7] 3es.27 |-32 %2.05 341,88 i 0.17
108 | 76 [ 371,04 |-3.8 367.57 | 3e7.m 0.36
- . e B
10 -] 78 | .396.37 [-3.837 | " 392,45 391.49 | 0.96 |
112 | 80| 420,65 |-a4.88 415.68 416 39 | -0.71
inl. 1 a2 | aas.ss {426 441,20 |- "z.z.'o.z‘sg 0.91"
116 | 86| 469.45 |-5.26 [ aesxo .| ue2.60° | 1.50
‘118 | 86 | 491.76 | -6.85 | ,z.sa.azl | 484,35 | 0.47
120 | 88 |- 513,51 | -7.41 . 506.01 505,38 |- 0.63
[ R S SRAS BN
22 | 90| 53654 |-8.13 526.32 ’, "__,-_.,.,;_-_*f:__.l R
Table 2
- As table 1 for ‘the 3%sn core. The contribution W( ) is ~0.09 Mev

b
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v:componénts'belongihg to the major shell close to the original magic core.
Actually, this feature may help to déte;miﬁe how "magic" is a given number N

or Z. For instance, in table 3 we show the calculated ground-State energy

SN : 1 W@ ’ w(l) ¥ {(theor.) W (exp.) d
76 | ss| -82.99 | -0.01 -83.02 | -8331 [ 0.29
26 | 56 [ -110.97 { -0.%2 -111.30 ~111.49 0.19
n saJ ~139.15 [ -0.53 "= 139.69 -140.36 [ 0.66
70 52.[-168.02 | ~1.20 -169.23 -169.94 0.70
68 50 -197.59 | -1.92 -199.53 ~199.31 | -0.22
. T | I S SRR
66 48 {-226.96 [ -1.7 -228.69 -231.66 | 2.97
T_._ —_— - : - - - - PN S —
64 46 | -259.32 | -4.70 -264.03 ~264.07 0.04
PRSI PR _-T- .......... oo - . . IS
62 44 |-291.73 | -4,75 -296.49 - ~296.79 0.30.
e R J S USRI USRS I smer
60 | 42 | -324.45 | -5:07 | -329.53 | -330.28 | 0.75
B e B e B T St
58 40 | -357.94 | -5.83 | -363.79 -363.27 | -0.51
56 38 | -390.93 [ -5.33 - 396.28 -396.32 | 0.04
56 |36 | -423.98 | ~5.39 . =429.38 -430.82 1.44
- 52 34 | -458.48 | -6.84 -465.33 |. -465.87 | 0.54
50 32 | -493.53 | =7.39 -500.93 | -501.66 0.73
i8 30 |-529.32 [ ~8.13 -537.46 -540.09 | .2.63
46 28 | -567.75 {-10.77 -578.53 - ) -
Table 3
- 146 ., o . (2) :
As table 1 for the Gd core., The contribution wq is ~0.01 MeV.
. 5 i
f . 2) 146
corresponding to the core )

Gd minus alpha-particle,nuclei.‘The séme'jump'
seen in table 2 is here found for =50, N=68; =38, N=56 and'Z=32;.N=50.
"Strictly speaking, iﬁ this case our calqulatiqns would énlylbe valid.up to
'A=118; i.e. up‘to the point whgre one reachés the end of the original major
sheil;‘ But .the' geheral tendency of':the smooth 'v;riafion of d versﬁs A

remains valid irrespective of the point. where one stops the MSM process
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rgiven by eq;(l). Therefofe,.the-abrupt;change of d (A) in-table 3 'does not
depend upon our way of calculatlng WJ

It 1s perhaps not very surpr1s1ng to - f1nd in- table 3 that the major-

" shell filling 50 nucleons is so tightly_clpsed.-However, the nucleus.ggSr

35 4), althou gh 88 : was‘

: wasAenly recently found to be a "magic" nucleus 38

5).

" already long ‘ago considered a good hard core

i*’_It“is worthwhile te.point;out that -a standardAshell—mddel’ealculation
| WOTLhwA: . point, . !

in!theﬁcases'presented;hereyweuld be ydrtUaliy-impossiblef‘The‘shell—mode;
dimensions.in the:ﬁ}ddle:of a major,shéll ingmedium and;heaVy'nuclei is of:
the ordet prhundteds df}millions.;_ | |

-We  also fppndiclosed?formulas fot.the different_steps:offthe~MSM.'It‘
quld;thenﬁhetnossible,totselye the_shell—model,eduatiOnsHQith the’Same

~ degree of COmnleXity, irrespective'of the number. of activefnatticles. Thus,

if drastic truhcations are possible in general, as suggested by our present
'ground—state calculatlons and prev1ous 31x—part1cle calculatlons in the lead
region‘),l<qne 'may. calculateﬁ systems _ for which ,standard shell-model

calculations are,imprSible”today.

"+ Submitted for pnblication, to Nucieaf Physics.'i
ok _Research 1nstitUte of Ehysics,‘s—104 0§*Stockholm,{SWeden.
1) C. Pomar and R.J. Liotta, Phys.Rev. C (to be published): ’d

2) P. Kleinheinz, R. Broda, P.J. Daly, S Lunardl, M. Ogawa and
J. ‘Blomquist, Z. Physik A286 (1978) 27.

3) P 'Federman and S. Pittel, Phys Rev. c20 (1979) 820
4)‘F Tondeaur, Nucl. Phys A359 (1981)278
S)JB F. Bayman, A. S Relner and R.K. Shellne, Phys Rev. 115 (1959)1627.

6) R.J. Liotta and C Pomar, Nucl Phys. A362 (1981)137



IV.20 The Decay of the T=1 Isospin Triplet in the A=12 System:

1V. The energy dependence of the asymmetry coefficients Yat of -
- - : z = t :

" the beta ray angular ‘distribution in aligned 125 and 2N and the

. : L 4
induced pseudotensor interaction.

* . L %%
L. Szybisz and H. Behrens

o The asymmetry parameters dgt’of the beta ray emitted from aligned 12B

‘andj 12N are evaluated asA a function of the energy. Thé 'agreement‘ with
‘experimental differential data is excellent for both dp (W) and J\g* (W)

This work confirms, using available nuclear model information that no
induced psaudotensor (IPT) interactlon is required for a correct theoretical

1nterpretation of ‘the data An upper limit for the IPT coupling constant f

ls‘determlned from a ‘simultaneous fit of 1%@-(w) and ’JF+(W).

+ L. Szybisz and H. Behrens, Z.Phys. A296, (1980)309.
L ® Departamento~de Fisica; Facultad de Ciencias Exactas, UNLP, Argentina.

‘_‘** Fachlnformatlonszentrum Energie, Physik, Mathematik Karlsruihe,
Eggenstein—Leopoldshafen, Federal Republic of Germany.

Iv.21 Imﬁroved Limit on the Induced Scalar Interaction in Nuclear

BetafDecax+
% ) , ' #ok
L. Szybisz = and V.M. Silbergleit

. An iﬁpro&ed procaduré which allows to diainish By-alﬁoat.a factorVZ the
upper - limit‘ anl'thé induced scalar interaction obtaineg from™ a _sthdy of
_SQperailowed.Fermi beta-transitions is‘reported..Tharnaw limit,

,2£§Jf0.6 X 10_%ffM=1.0 x 10-3, suppdrt thé C\(C theor?_aﬁd the 1@Variante'of

~ weak interactions under G-parity transformation.




.91

R L Szyb1sz and V M Sllberglelt z. Phys. A299 (1981)91 S

*‘ CONICET and Departamento de Fisica, Facultad de C1encias Exactas, UNLP
' Argentlna. : ;

*k CONICET and Departamento de Flslca, Facultad de Cienc1as Exactas y
Naturales, UBA Argentina. : . .

o IVI?Q Cruciai{infiuence of the Relativistic Form Factor Coefficients on

L - ,r;“* I
the Determination of-fg,

: N ' - ° s
L. Szybisz and V.M.. Silbergleit

It .is’ shown that the ‘contribution of the .induced scalar .interaction.
through:relativistiegformzfactor coefficients is very impertant.'It is found
that this interactidn 'affeéts the -spectrum shape:ufactor, to a first
‘approx1mat10n, 1n the same way as the F1erz 1nterference term, contrary to a

c

prev1ous assumptlon. A 11m1t on the strength of fA of order 1/M is set.

+ L. Szyblsz and V.M. Sllberglelt, G. Phys. G7 (1981)L 201

ok CONICET and Departamento ‘de Flslca, Facultad de C1enc1as Exactas, UNLP,
Argentlna..vf" : . :

*k CQNICET»and,Departamento‘de Fisica; Facultad de Ciencias Exactas'yh
Naturales, UBA, Argentina.
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1V.23 Hartree-Fock Theory in Exactly'Soluble Models with a Finite

Number of Particles+

. X ke ok L
M.C. Cambiaggio , A. Plastino , L. Szybisz and M. de Llano

A 'review is made of different exactly soluble models of a'finite number
of fermlons,'ln order to . study the properties of the Hartree~Fock approach,
relating them to those of the exact Schrodinger solution. Particular

attentionpis paid-to the description of»phase'transitions.‘

, + Revistannekicana de Fisica 27 (1981)'223

* CONICET and Departamento de Fislca, Facultad de Ciencias Exactas, UNLP
Argentina.a 4

** Instituto de Fisica, Universidad Nacional Auténoma de México, México.

" IV.24 Constrained Hartree-Fock and Qnasi-,-Sp'in.;'Projection+

, : x o * o *
“M.C. Cambiaggio » A. Plastino and L. Szybisz

The constrained Hartree—Fock approach of Elliott and Evans is studied‘;
in detail with reference to two quasi—spin models, and their predictions
compared with those arising from a projection method 1t is found that the
.‘new approachrworks fa1rly'well although limitatlons to its appllcability

are encountered.

+ Nucl.Phys. A344 (1980)233.

* CONICET and Departamento de Fisica, Facultad de Ciencias Exactas, UNLP
' Argentina n



.93

. ‘-L
T

. IV;25*Maximum”0véflap;“AtOmic’Cohe%ehtisfafes'End'the”ééﬁéféfof A

" Coordinate Méthod' .

R L T I T coi s F
'G: Bozzolo ', ‘M.C. Cambidggio and A. Plastino -

A version® of the maximum overlap approach is presented, :based on the
generator coordinate method. Recourse is madé .to techniques devéloped with
reference tO*atdmic'coherént stétes;1Shépé insfabilifies‘inlQuaéi—spih two

level mddéls are studied.

'+ Nucl.Phys. A356 (1981)48.

* Departaﬁentq_de Fisica; Facultad de Ciencias Exactas, UNLP;,Arggnpina.

IV{26 On the Pbssibility of Abnormal Occupation in 3He and 4He+

N L * *k ' % *
M.C. Cambiaggio , M. de Llano , A. Plastino and L. Szybisz

" The poésibility'bf abnormal occupation in the plane—wave Hartree-Fock
ground state of Helium systems is studied with reference to several

1) 2)

semiphenbmenological potentials™’. VSéme 'criteria have beén established
which allow( onev to décide, éﬁ the basis of properties of ‘the fourier
transform of the. relévant two-body’ interaction, when such abnormal
occupation may prevail energy—wise.tAll five Fourier transfofms calculated
in this bwbrk are ﬂdéfinite positive and 'monotonically decreasing.
Consequeﬁtly, no abnormal occﬁpatioﬁ‘is possible,‘either in the Fermi or in
..the Bose case, acco;ding to the above mentipned theoremsz).

The possibility has also been investigated of finding, in the spirit of

reference 3), a Slater determinant built up with Wannier-like single



b.9%

particle wave functions which yields a lower energy than the corresponding

plane—wave one, Only at high densities fao 25 A -3

one obtains lower energy
per particle in the solid phase than in the fluid one, i.e., both for 3He
-and 4He a crystalline structure is»preferred (at zero order) for densities

outside the physical range. .

+ Revista Mexicana de FIsiéa 28 (1981)91.

?- CONICET and Departamento de Fisica, Facultad ‘de Ciencias Exactas, UNLP,
' Argentina. .

*%* Instituto de Fisica, UniVersidad Nacional Autdnoma de México, México.
1) R.F. Bishop, H.B. Ghassib and M.R. Strayer, J.Low Temp.Phys. 26 (1977)669‘

2) M. de Llano, A. Plastino and J.G. -Zebolitzky, Phys.Rev. C20 (1979)2418,

3) M.C. Cambiaggio, M. de Llano, A. Plastino, L. Szybisz and S. Ramirez,
~ Nucl. Phys. A339 (1980)277 . A
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N oan sV .NUCLEAR REACTIONS.. . -

W oeemee e e e et

‘Z.V.lnyn the Decay»of-Compound_NucleiAFollowing Alpha;Particle_and.lzC

P

'<gInduced Reactions

V"S J. HJorth A. Johnson, A Kerek W Klamra, Th. Lindblad

‘S Messelt, C Pomar, O.. Skeppstedt, L. Carlen, H Ryde and

| M. Piiparinen.
Multiple lcoincidence rates have been measured(+)‘ using‘7a7 detector
system consisting of Ge(LI) spectrometer and eight Nal(Tl) or eight liqu1d
L'scintillatorst Reactions induced by alpha—partlcles» with .energies 'of
SI?SS-MeV;and;llBJMeV }gclions are;studied; Theudata;are analysed to give
the“firstlandf%econd:centralamoments of the‘distribution'of the numher of
‘ gamma;rays feeding individual levels in the final nuclei. When these numbers
'.fare compared to spin distributions calculated with the statistical modelv
- code GﬁOGI the relatlve 1mportance of- dipole and quadrupole deexcitation”
modes,can-be-ascertainedr‘Innparticular; in the"l Te(d 4n) Xe reaction
:the gamma;decay prior to the entry into the ground band is well described as
"'a statistical process proceeding to SOA by dipole and 50/ by quadrupole
radiatlon. _ln‘,the 166E Gl 4n )166 and. 192O Q{ 4n )19 reactions the
relative amount‘Of quadrupole radiationlis larger and it seems that the
d1pole and quadrupole decay takes place v1a separate cascades. In the-

164 12

Dy ("C,7-8n)- reactlons the average multiplicity is 1ndependent of spin,

suggesting that -the nucleus forgets the-spin‘of’the entry state before the
o o and.: To'the 176% 180,

process enters: into .the ground- band.: In’'‘the. " ( C 8n) " "0s. reactionm,
| finally, ‘the nucleus definitely retains memory of the entry state during the
decaf.~lnnthisﬂlast:casewthe}mulﬁiplicityTmeasurementziS'comﬁined‘with a

gamma~ray. singles, measurement:to, give an. average excitation energy prior to
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the.alpha—decay‘and the average moment - of  inertia characterising the decay

~ of the high-spin states.

Z Phys. A301 (1981)35

+ This experiment was performed of the Research Institute of Physics,
104 05 Stockholm, Sweden.

- V.2 'Chemical.Potenciallin Fission Processes

- - . : ok N '
_D. Napoli,. D. Otero, A. Plastino - and A.N. Proto.

The experlmental features of fission processes are studied within the‘

1)

V'Aframework of' .the’ surprlsal" formalism , which is based~ on. information
theory. The advantage of this procedure lies in its ability to distinguish'
‘qulte well the experimental facts from any "a priori" assumptions. _For - the
' flssion processes our basic a priori“'assumptions are:

a) The scission configuration is represented by a binuclear system where the

: 1evel density F on. each well is that of a degenerate nuclear Fermi gas.
Thus we can,write, ' - ‘ B

fﬁ.»“’ tf, S (D
. with. | coo

exp (- o
LH- UL y exp €™ 8 Un (2)

. Where ‘the subscripts'L H identified the light and heavy membér of the di?'
nuclear system, &g is the one particle level den31ty at the Fermi

':energy'ﬁ » when the sum of the proton and ‘neutron level density is

Epair ,

. % E
considered and U =U is theninternaliexc1tation energy. ‘As

L,H - "L,H L,H

a first_approximation we.neglect the rotational energy dependence. We

choose for the pairing energy: Eza:{? ;jo(A where ol = 0‘,1,2‘ ‘for odd-odd,
t Lo SLE: . ‘ e - A
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e , p , - : S L
e even—odd,<or.even-even nuclei .and [S: A2 A 1. In general-Ut is different
from U and we do not postulate thermal equilibrium in the. dinuclear

vsystem._This fA is our " prlori" level d1stribution. Besidesjt”
: '«w g(&F)ﬂ'¥-A(MeV) s 1l‘ o ®

b) The internal excitation energv is proportional ‘to the mass of each member
vof the: dinuclear system. The observed experimental data are.the fission
.AmasSfyleld dlstrlbutions.(f;gure,l) and‘we shall Show;thaggtheiierej

orf o B By

80 90 IOO HO lZO 70 80 30 !OO' - 10
' MASSNUMBER
Figure 1 L

5;adequately described by ch0031ng the mass. number A as the relevant
.b;dynamical varlable. The use of 1nformat10n theoret1calJmethods~1mp11es.
L;the_bellefgthat the fission process envolVes 1n(such a way that the
:egfrapy of;the‘final-States is‘maximal,'and,eonstrained.only byrthe
.dappropiatetdynamieal'variables. our ansata-is'that.the mass#number islthe
"fmost 1mportant one 1n thlsbrespect. To examine the’ departure of the ’
; observed dlstrlbutlon ? from that expected on purely statistical grounds,A
i.e. Po,‘lt proves advantageous to 1ntroduce ‘the concept of surprlsal‘:'
given byl) ' L ._ . o » _ |
oin ?/f XA+X . T (4')
. Where >\ ensures. the proper normalization and X is a Lagrange mult1pller.

From eq.(4)»and‘taking into aecount_the above assumptions the theoretical

value .of X .can be obtained by taking the derivative:of the local entropy
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deficiency at the mean value of the corresponding observable. In Our case

. j:‘f[inds , ] [(u}‘___}gg“ + G—}:,)/ | SA..)/:

¥ A:_‘*> )

. W‘hereA A.L+AH+)) o N OB
vg represents the neutron emision Some results can be seen in figure 2

"v

-o75L
I SN

65}
-~ sof =

_ssf '

GCU

1

_ JnRIP
65

T LI L

60 .ln R

55

L

[TNEN SHES W VAN SLON TN 1 L

B '
- 80 80 100 10 120 130 ‘ - 80 90 100 10 120 130 A

" Figure 2

The expresaion for f can be factorized as follows:

with rf-' ' : S
R 0 A ) - S
_ H L= LT '- | o By . (8) Q,Ti
:where A is a renormalization conatant. Besides _
«1;- ?.;'::.f..m; ) and M 20Uy (10)
T W T

T

i Then introducing (8) in (9) and (10) results that

A= L‘.\Hf-\—‘ ( | SRR -.:<4.1»1'> 
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This. means that‘the Lagrange parameter'ls-the difference betﬁeenfthe-ﬁé of
“both fragments calculated in the real - dlstrlbutlon Oﬁ 6-9) and the sameZ;
magnltude but calculated on the 'a prlorl" d1str1but10n (él(r)) in. th1s case.

-the degenerate Ferm1 gas d1str1but10n For the-<Aﬁ> the - expre831on reducedﬁ'

to-

2 12
T (12).

M W,
| -
H [

For the symetrlc case, 1nstead
My = /u"L' and Ty =T

this means that exists thermal equilibtium.YThe results for 226

. o en2
Ra - k(psf')")
‘areﬁshown'in.figute'B. '

: ‘226Ra(p,xnf),E’=12MeV
10k t
or _lngp  ceewEEEE
10+ ooooooo°°°° L .
g T
30F
Al.7'-
5t
a9 5t
@
= bt
w3t
43
=t
O y -

%070 80 90 100 N0 120
MASS NUMBER (amu)-
Figure 3
| TheJﬂVT values for several fissioning systems are‘sbowp:infflgure 4.

. =0
=0

BT famu"
N oo D

2%5. B0 s k0. a0
. Alamu) ’ :

Figure 4
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Afhe chemical potencialf&; mgasures_for this case, phe'amoun£ of energy
'.necessary to- transfer. one nucleon ffom oﬁe to the other member of: the
dinuclear éystém.b'Tﬁe general behaviour of the M/T 1s given by the .
“degen‘eraté. Fermi gas nature of the nuclear matter, .and by an additional
contribution reléted "to the mass—number, probably originated iﬁ shell
effec;s. To -explain the fine structure of the mass-yield curvés further

fcaléulatipns explicitly including pairing—effects or local shell effects are

being performed.:

* A Plastlno, UNLP, Argentlna and Research Council.

1) D. Otero, A N. Proto and’ A Plastlno, Phys Lett. B98 (1981)225 and
reference, thereln

. 2) A Cayer and Z. Fraenkel Phys.Rev. Cl6 (1977)1066.

. V.3 On the Heavy Ion Excitation of the chupole Vibration in Deformed.
Nuclei.

: : %
-0: Dragun and H. Massmann

.'InA'thé .ﬁuclear heavy 1ion _research; orie of - the problems one is
interested in solving is the transfer of nucleons to deformed ﬁucléi. The
coupled channel approach to this problem ié very demanding in computer time
and capaéity; and this therefore makes one to lodk out for approximate wéjS
of solving the problem.A

Guidry‘eﬁ.al}l) are approaching the problém, for the backscatteriﬁg
cése, uéing the éé called classical S-matrix approximation. In that méthpd‘
- one fipds the classical trajectories for -the relative motion of projectile

and target, evaluates the phase (that is, counts the de Broglie wave
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'lenéhts)'alongfthe trajectory, and alsontheiamplitude.for,the.tunneling of

[vnucleons [in . reference 1) they were-studying the tranfer of a neutron nair]
between-the two (projectile and'target)wells. Even though this - method is
‘very'vinteresting, it: does‘ not allow " to calculate~'d1fferential,vcross-‘
sectlons. | |

In the present work we develope a mod1f1ed DWBA approach‘ based on .

1deas presented in reference 2) and 3), wh1ch aIIOWS‘tO solve the problem in
'an‘approximatefway; |

| ‘ln"reference ,2)l~the multiple 'excitationfiof hrotational‘.states in
deformedTnuclei.through Coulomb and Nuclearrforces wanconsidered.iletting
.»the wave funct1on (and therefore the phase’ sh1fts) depend on the angle o'
between the symmetry axis of the deformed nucleus and the vector r wh1ch1
- »joins the centers ‘of the _target and ethe' project1le{ .a .formalism ,was
\presented whlch) allows _toifcalculate’ the - differential' cross sections to
different.final states.avolddné a counled channelncalculation;

1'Here-weeb;esent.a>genera1ization:of.the method of'rgférence 2) to other
‘scaftering prOCesses ln'whlch_together with:the excitation_of rotatfonalk
, :states; onei has .another _process present: which‘ can be consfdered as a
_pertUrbatiOn.d‘In order _to fix ‘ideas ‘wel will‘ consider_ herev only ‘the
.:exc1tation of the V= = 0 octupole v1bration rotatlonal band 1n even-even
deformed nuclei In order to get the d1fferent1a1 cross sect1ons the.DWBA
exnressions for the‘ T-matrix will be used, but .considerlng onlyV.the
'potential responsible for .the excitation of the_octupole vibration as the
. perturbative potential; All processes related to the excitation‘ of'jthe
- rotational .states heing‘included;(in the spirit of reference 2)) ln'the

distorted waves. Numerical calculations are in progress.

- .Departamento de Flslca, Facultad de Clenc1au, Univer51dad de Ch11e,
Cas1lla 653, Santiago, Chile. N
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A.l) M.‘Gﬁidry, T.L. N1chols, R.E. Neese, J.0. Rasmussen, L.F. 011ve1ra and
- R. Donangelo. Preprint NBI—SO 28 (1980). _ -

2) H Massmann and R. Lippenheide, Ann. of Phys. 123 (1979)120

' 3) J. 0. Rasmussen and K. Sugawara—Tanabe, Nuecl. Phys. Al71 (1971)497

V.4 ng;ear Surface Waves in Alpha-Particle and Ion-Ion Collisions

S * C k%
0. Dragun, A.R. Farhan , E.E. Maqueda and H. Uberall

Resonances in ion-ion scattering such: as 120'+ 120,. 12C}+ 16O of

160 + 1§0 where they appeaf both: experimentally and via optical model

‘calculations have been .earlier interpreted in terms of nuclear surface

wavesl’z).

We have now carried out a study of the resonances which arise from an

opficel potential model for the ol - 40Ca system, and which 'become tmere.

distinct' the smaller the absorption of the potential is chosen. Our
resonances are obtained from- partial-wave and transmission-coefficient

3) via

plots, and when combined with the resonances found by Brink et al
plofs of the strenghf functions, .a unified picture emerges in which the
;esonances fall natﬁraily into familiesAiﬁ an e v5.E diagraﬁ, esch family
eorresponding_ to~ a given surface wsve of the orbiting qeasi—molecular
system; From-the dispersion curves, both anleigh and Whispering Gallery
serface 'Qaves afe found to be presentA in the (i’; 40Ca system, ﬁith a
brepondefanee of the R type, in contrast to what had beeén found for the

160 - l’60 sYstemz). The same analysis is applied to the experimental

i 1 . ) .
resonances in the 12C - 2C system, indicating the presence of a WG-wave

1)

whose dispersion curve intersects the previously identified R wave, and
thus points to a perhaps more fundamental difference between the two types

of surface waves in that case.
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V. 5 Pair Exchange Reactions -; : wo L’

D R. Bes, 0 Dragun, E.E. Maqueda and R. J Liotta

’_?rExperiments involving the emchange of a pair of neutrons and a‘pair;of
protons; between ‘the target and .the projectile -have‘ been recently
X; The - present study intends to. stress the possibillty of using

14 c, 40), ‘as ‘a _new tool in ‘nuclear

' performed
-‘pair"ekchange 'reactions' like (
spectroscopy}i ingjorder;\to‘”excite,uffor"instance; two;particle two-hole
states}y and"thua.:obtain specific (and,l.in 1many_.cases,"so far. elusive)
iinformationnabout two—phonon states. | ‘ -

For the sake of 31mp11c1ty of the final states we consider the reaction

14 14 )208Pb The calculat1on of the reaction has been made under ‘the

.2,08 o
“umfollowing simplifylng assumptlons a) the reaction proceeds vid a one—step
process (DWBA), b) the respons1ble 1nteractions is an effective zero range
force between the centre of mass of the transferred d1proton and dineutron,
4 c) the‘relative_coordinate_in the initial and final«channels is the same as
Athe relative coordinate‘R’between the.two cores ?06Pb and 12CA(norecoil
‘,approx1mat10n), d) the transfer only’ takes place along the line Joinlng the
:two cores (Buttle—Goldfarb type of approx1mation), e) the overlaps between
in1t1a1 and f1nalv1ntr1n51c motlon in the d1nuc1eons are calculated u31ng
the same 31ze’parameter in both the lighter and heav1er’nuc1e1, f) the.

'motlon of the dlproton and dlneutron in the eJectlle and prOJect11e,

'respectively is obtained from a pure (p;) conf1guration' g) the structure
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.-amplitndes in the. heavy :systemst are ohtained' using ;both 'TD—pairing and
particle-hole 'states -as building blocks. oThe-.largeSt cross section
'corresponds to the neutron pa1r1ng V1brational state ‘at 4 86 . MeV The cross
,sections‘presented by the pairing two—phonon (and the‘10.16 MeV four—phonon)
states are pred1cted one order of magnitude smaller However, the populatlon
,Aof all states belonging to the pairing phonon famlly is considerably larger
Athan the populatlon of particle—hole phonon states. On the assumption that
' the: _normallzatlon 4'constant 'obta1ned 5£» 51 ﬁeV in 1the reaction
‘AOCa(14C,140)40Ar canfbe-taken to.the»Pb'region at'250 MeV, we prediet a
' peak diffefential cross section for'the.ground state transition of about
fO Sbe/sr. ' i- S t‘:v ) '_Yh : ‘:‘.u R ‘A“.' . ‘.' - ~‘1v
B Calculatlons e1ther have been made or are.in progress relaxing the
4assnmpt10nSc11sted before; v
“§Similaruoonsiderations canvbe made for ASCa; uSing the 48Ti(14é;140)
fiea¢;i¢ﬁ75ﬁd for 56N:_il‘and_146Gd if one performs the reactions (16 16C) on

15§Feﬁandil4ésm,-respectively.

1) D.M. Drake et al., Phys.Rev.Lett. 45 (1980)1785.

V.6 Analysis of (6Li,d)»and (d,6Li) Reactions in the Nickel and Tin
B : x ' o - h o
V‘Regions
'A.~Vitturia), L. Ferreirab), P.D. Kunz

d).

)| H.M. Sofia,

P.F.»Bortignana) and R.A. Broglia

A central theme of nuclear structure is associated with the search .for
states'that-are specifically excited in‘four particle transfer reactions.
‘ The' questlon‘ we put in this work is whether the transfer of an

alpha partlcle corresponds to a simultaneous excitation of a neutron and
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Ry (o ‘1) o if e T SN
. of a proton pairing mode ){ or whether ‘it excites a new nuclear elementary
- mode. In.trying to answer this question we make use of‘recéﬁtly.bbtained.<

(6Li,d) and‘(d,GLi) aataz) in the Ni aﬁa S;“maés.fegion%:th'egtract this
infofmafion frqm theAah;lysis of the éxpéfiméntal daté alﬁi;fésﬁdpic-fofm
fgttéf:is féibe calcuiéfedAwhich is aiiinéar éoﬁbina;iéa bf féuﬁtﬁértiélé
_‘épéétroséébic-;amplitudes;  These éoeffiéiéﬁts,'éOﬁfaiﬁ'Zéli‘ EHé;”nu§Iéé;;
:sfrucfuré informétiqn;'Tﬁe differential,cross“séctiohs t$ibéAhoﬁfared'with
the.experiment-canifhen be calculated in- the ffaméﬁbrk df fhé digt6rted wave
"Borﬁ approximafiéﬁ'(DWBA).vTo the extent thatlalphé moées é?iéﬁ:téhé results
Obtéiné& iﬂ this way éhould‘display the.main,propertiéé‘of:thé ékberimentél.
speétrgﬁ: fIhei effecg ‘of 'fhé tdfhéri chéﬁﬁelé”-isq exﬁhctéd‘itqflﬁe a,
rénérﬁélizatibnvéfktﬁe/direct—chénnelfdiffefentiéilcréééfgé;tiéﬁ, as’ found
in;ﬁhe(éése of éhe{bairiﬁé modes. | ‘
:Ihxﬁhe;pfééehf:Gka.wé calcqléte aumidrdscopiclforﬁ:fadtqrféhichihasﬁan.
'éffécfive factorigafiéﬁ'of the four partiéle fbfm'fécfo}Aiﬁ téfﬁé ofwthéx

:ét;ucfﬁfé‘icoéfficieﬁ;4‘of “the corresbondfﬁg fwoA'partiéleA.ﬁrﬁﬂsfer;,form
"féctprs;.fﬁg‘feéults¥qf.éur»theotétiéal-éélculation afe éémﬁéfed with the’
ih%otﬁéti§; §btainéd from two*par;idlé_f;ansféfAprpcééses.

- Tﬁe';fggétioﬁé gnélyiéd 'in' the ‘ﬁifméss:!region'_éfe'ﬁfhé‘”LQOf'sffiﬁping'
processes: ; | - : ‘ | | | N
o 58Ni(6ti;d)622n(g;S)'; -
.56Fé(6Li,a)6°Ni(o+;3.3z MeV)
5

OFe(®L1,d)®ONi(g.5) |
and L=0 pick-up prbcésSés: '

®2y1(d,%11)*8Fe (g, 6)
64,0¢a,501)0%%1 (0%33.32 Mev) .
6425(d,6Li)60Ni(g;si . %

'Ifhé istfﬁctﬁre of thésé' states are construct ‘ﬁtiliéiﬁg 'the bfbtén

’ pairing vibration degrées of freedom‘as building blocks.
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\gs wn»-\ﬂ>
|g.u.(Fe)>'- |w>
lges. ()= Vo Loy + I !ﬂ U>
“lot3.32 MeV(m»—-ﬁZ 1= ‘07-'
there alpha and'beta for the,different Ni ieotopes Were'obtained from one‘
.protonlpick-up‘reaetionetthelreactioos:analized in'the Sn-mass region are
”Te(o,ﬁLi) Sn(g.s) | | |
'vIe(drﬁLi)'Sn(OT)_
sn(d,%L1) cd(g}s)
for differehtatarget isotopeé. -
The proton part of the wave functlon-ls descrlbed rn terms of addltionr
(Te(g s. )) and removal (Cd(g S. )) palring modes. Thus the excited 0 Statea
in Sn is a two phonon pairing state described by the two phonon wave-
function Cd(g s, ) GD Te(g s.). The neutron part of the wave funetion is
‘assomed.to be;of the BCS type.' |
- .:The-concloSions‘of‘this'work is that:itfie possible toareproouce the
t;main'trehdé of.the.alpha4transfer L=0jtraneitioﬁs‘observed in the Ni and.
4f_Sn;masa"regions; ~in terms of a: m1croscop1c ‘form factor and ataodard .
X optlcal—model potentlals, and in the framework of the DWBA
Ihe d}fferentlal cross sections are'yery sensitive to the values of the
1‘frequeocyiofvthe effeetivevharﬁonie:oscillator potentials where the 2W, 2»
tcorrelated.System‘ﬁovesrbefore ahd afterithe tranefer}vThe values that fit,
;the data rulfill the following conditions: |
'a) The'position of the. last maxiﬁum of the ﬁicroscopic form factors coincide
with‘that of'thelstandard macroscopie'form factorJ
b)“The_relative four particle cross sectiohslassociated with the pure
cohfrgoratioh:(jia(o), jﬁ_(O)) are similar to'the'product of relative
nhtwo—particle‘transfer cross seetiohs aesoeiated with the‘configuration

'_j§<0>ﬂand_j§<o>.
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MA€V‘7. Two Step Contributlon to the'Preeguillhrium Regime.

| | A 0 Gattone, 0 Dragiin, A M Ferrero, H. M Sof1a.‘

"Abrealistic estimation offthe two—stephprocessAcontribution to the

) preequilihrium regime for the (p,d) reaction is made. -

| We considered the two ma1n reaction paths' an‘inelastic scattering of -
: the inc1dent proton followed by the pick up of a neutron (p p ,d) and the.
: transfer reactlon followed by an 1nelastic 1nteract10n of the ex1t deuteron
'(p d»d ) In’ descrihing.thls two'step-reactlon process we adopted the .
coupled reaction channel formalism. x”'fﬁ - . ':i o

It 1s qu1te natural to.assume that when summlng over a great number of

"“factual nuclear states the 1nterference terms between the one step, the

(p- p d) and the (p d, d ) processes average out in a large extent. Thus, the
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acalculation‘reduces to whatxis obtained by”using‘avfeyhrepresentative
‘intermediate and final-states in which all the strength of an excitation
energy range isdconcentrated The two step d1fferent1al Cross section for a
g1ven final stateQ(:I 1s written | S | : »
o] (g gEdg e de 0.

il" €

dl
”Here Lérdandhjtr; (that.are,to be coupled to JF) are the angular'momenta'
transferred'in the‘inelastic and;neutron pick up steps, respectively; while
E(E' ) is the progectlle (eJectlle) energy, and E" is the 1ntermediate proton)
| or deuteron energy dGb-ﬁL /dfl(E" E) is a purely dynamlcal factor - that can be
obta1ned from a coupled ‘reaction channels code llke CHUCK2. fl (E") plays

. t
~ the role of an spectroscopic dens1ty for the. 1nelast1c process and SJ r

(E")
is the spectroscoplc factor for the transfer step. When summlng over all

final states the spectroscopic factor SJtr(E") is obtained through the pick

_up sum- rule for (p, d) reactlons. Furthermore, in actual calculatlons, the.
1ntegral 1n(1) is replaced by a sum over approplately chosen 1ntermed1ate
_ene_rgy intervals,‘AE‘.'. ,

Then?".'p' “F_;f

ew SR

;whereg@fi;»ig the_strengthddue.té'particlefhole,excitations and is obtained
-.through an RPA‘formalism;' | | |

| Numerlcal calculations were made‘for all the ejectile energy ‘spectra in
J*the 5 Fe(p d) reaction. at Ep =62 MeV Due to the great number of -

hrepresentative states in the 209B1(p d) reactlon at Ep 62 MeV only two

+

4jpoints of ‘the spectra were calculated

w'ﬂPrellmlnary results show that the contr1bution of (p d,d’ ) is -

',appreciably greater than the (p,p' d) route, in agreement w1th results

}obtained in two step (p,>t) D reactions, but in d1sagreement with the
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"assnnptions made in reference 2). As aiConc;uding remark, for.excitation

energies E#;;ZO:MeY:it is necessary to dinclude more than;two?stepnprocesses;

1) W. Felx, R. Polalne, P.J. Van Hall Poppema, Van Oosten, Klein, and
Nljgh Nucl Phys. A363 (1981)333. o L

2) F. Hachenberg, H C Chiang, J. Hufner, Phys. Lett. B97 (1980)183

Va81'OnexSteplcontribUtiOn of (p,d) Reactions in the Preequilibrium
. Regime.

'-Of‘Dragﬁn, A.M.'Ferrero, A.0. Gattone.

Recent studles »2) have awakened a controversy about the relative

' contributionﬁof“one.and'more than one'step processes to the'continuous
o energy spectra of reactlons 1nduced by llght 1ons For'the'(p,p’) reaction,
1)' '

fsome authors flnd ‘ that almost all the experlmental strength between

'lQeZO MeVyofﬁexcltatlonQenergy is exhausted‘by theione step'contrlbutlon.
?Foriothefszi;;in'tnrn;fthe contrihutioniot_tno orfnore}steo‘orocesses,shonld
he.cdnsrderablyflarge.in this fange og égcitation energy.

In thls'work a reallstlc analysls of-the one step plck np procesq for
the (p,d) reactlon -on. SéFe,.lzoSn and 2O9Bi at Ep‘62 39 and 29 MeV is
:’done. In terms of‘the well known DWBA theory, the cross sectlon for the pick

' :up of a neutron in an- (nlJ) shell .is described by

I"‘_g, . 2 I-~%1, . T _
) dG :-..3_ ‘D" - mei,’v 0‘6—«'125 (EXI) IR ’ [1]
0‘0_ 20,0, 0% ')_;J‘.q,\. Ld S k iﬁ PR .

S L s L
where EKﬁI is’ the excitation energy of the'final state. ‘It is assumed that
. when summing‘oyericross sections that: correspond to excitation of a large
number of actual nuclear states, the interference contributions involved in

the individual'cross sections average out to a large extent. Thus, the -

-
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ﬂsummed“cross'sections is reduced to what is obtained by assumming that the

' states are descrlbed by a pure 31ngle particle shell model. Then

125 2 ¥l » '
AG- ' =—i——~D° a (Emt )S. S 9 (21
Y3, - ~
¢ o . Al

. . II’YIF_ - . ' .. L SRR .
,where ;%rsnlj o= “ﬁl‘" 2j+1, is the pick up sum rule for (p,d) reactlons,
. : 0 B :
. and E j:‘is an average energy representing all the states with the same I

nlj

.Thus,'the,absolute values of the differential cross sections are obtained
Without lany .adjustahle parameter. The optical parameters used were
previously tested analysing (p,d) and (d,p) reactions:leading to.iinal
states uhose spectroscopic factorsiare very well known. In order to spread
[2] in'eneréy-for every tnlj)»transfered neutron a.dauss_distribution with
’an‘appropiate haifwidth is choosen. Due to the number of (nlj) states
;cOnsidered;‘this halfwidth turn out to be an almost irrelevant‘parameter in

‘the final'calculation. In'figure 1, the angular distributions for the

209
Fe(p,d) 59—28 8 MeV, a), and

compared W1th the experimental results. In the first case, is clearly seen

Bi(p,d) E -62 MeV, b) reactions are

how " the one step process exhausts all the experimental strength obtained
?afterisuhstracting the yield of deuterons evaporated from compound nucleus.
In part b) the. angular distribution for two energy bins is shown. From

. figure 2 can be’ clearly seen how it becomes necessary to take into account
the_contribution of multistep processes as the‘exc1tation energy 1ncreases.
‘ In_concIusion, the one step process contribution exhausts the experimental
.yield over the;first 5 to 8 MeV of excitation energy.

SubStracting'the theoretical calculation from the experimental spectra,
the region where multistep processes turn to be dominant was obtained. From
this spectra, an approximate linear dependence of the differential cross
section with excitation energy, dG'(m.s.)/dE"YCEx can be deduced,‘where C is
ahconstant depending upon'the incident energy and in some ektent on the

mass.,



54Fe(p d) Fe
_ Ep-288 Mev

01
a

ef Ny .Y 208, (p g)208p;
: ‘ Ep:62 Mev

FigureVZ"

'ﬁCaléuiated ébﬁtribucion,of the

one step (p,d) for halfwidth¥=1"

(dashed): - and §,=4: (continuous.
. Points - show the eéxperimental

yield and-the bars are the DWBA -

_representative - cross -’ sections

~fbhoosen. Angular, dlstrlbutlons
-for region 1(2) are dlsplayed in
flgure 1. b) :
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Figufng

In part a) fhefcalculétéd»differentiél

" cross section. in crossed ‘line is . shown;
‘ dashed line corresponds to the experi-

mental cross sectidén and- the dontinuous -
one is the experimental minus. compound
nucleus cross section. In b) ‘the experi-
mental (continuous) and theoretical
‘(crossed) differential cross sections. in
the energy range Ed =50-57 MeV are shown;
‘the dashed and dash-crossed line cor-
respond to the experimental and theore-
tical differential -cross section at

E =44~50 MeV. .° ' .

)

mb
MeV

(

h ZO.QBi(p,d)ZO8

- Ep=62. MeV" -

dG
dE

=N

”\‘ .
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0
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(MeV)

1) T. Tamura, T. Udagawa, D.H. Feng and K.K. Kan, Phys.
T. Tamura and T. Udagawa, Phys.Lett.

s.Lett, B66 (1977)109.
B7L {1977)273, |

2) G. Bertsch and S.F. Tsai, Physics Reports Ci8 (1975)127.
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VI. INSTRUMENTAT‘ION AND DEVELOPMENTS *

f‘faVIllﬂHYPeﬁEPre Germanium Detectors Development'ff -

S G; Marti,'C;ACimeneé.

7hThe detector Group has initiated work to obtain HP Ge planar detectors.""

,iAs a first development the Lithium d1ffused N contacts have been made'ln Geﬂv
at different‘processing tenperature. Subsequent resistivity measurementsi
have been‘performed as. a quality control. Also the P .contacts have

. tentatively'been nade by Al Pd and Ni evaporatlon 1nto the crystal surface.'”

"Satisfactory_results are obtaining these'contacts_althoughaan operative
vfinished detector nasant;vet been'produced. |

Further»uork in"thésehsubject is being deVelopped;

i'VI 2 The Design, Construction and Calibratlon of ‘a Ge(Li) Polarimeter

A O Macchiavelli, G. Marti, C. G1menez, J. Laffranchi and

'.M.nBehar.‘

.Ihe theorvdof-a gamma ray polarineter i:e; a detector,sensitiveAto the
.linear polariaatiqn of'gamna rays_is~dégéribed'in reference.L). Basicaly-it
consists of a planar'Ge(bi)‘detector in nhich_one of'the dimensions say the
length;b'is.greaternthan the thickness-d‘ksee fiéure»l).ﬁln.this'case it was
' de51gned by requ1r1ng 1 : L/d*10 to obtain high polarizatlon eff1c1ency,
42h¢£ volume detector (Area X d) would be about 1-2 cm3 for hav1ng and,

appreciable relative.detector efficiency for'not extendlng-so long the’
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N oard : , ' s "
measurements,’ 3 : reasonable good total system resolution and Peak' to

_ Compton ratib.uv

Principle’ of the planar detector used as
s polarimeter. E is the polarlzatlon vector.

0w1ng that the last two factors are Very sen51t1ves to’ the electronlc,_

'7{ﬁ;n01se .and as’ it is proportlonal to detector capac1ty (C = l 4 A/d pF) we hadv;ﬂg"

'eiitelchoese aAcompromlse between the requlrements llsted above and the
[h§ava1iable materlal | |

L The deteetot Qas made ftom a L1th1um cdmpensable p- T&pe Germanlum block:
'fjof 43 hm 1n'd1ammeter and 8 mm of thlckness and 1t ‘was cut to. obtaln a
‘33x33 mmzlsquare block For (L/d)“lO the 1ntr1nslc aone of the detector Wae;

f;fdefinedfln d 3 mm. From thls value an aprox1mate theoretlcal capac1ty of

' 40 pF and 1 cm3 active volume was calculated (see flgure 2).

T s

; P*-Zone

Intrinsic zone

Planar‘detector‘used as polarimeter, Dimensions are in mm L/d=31/3 10
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The detector was drifted following our usual techniques. The main drift
”was completed in 6 days at a constant voltage of 400 V and a low temperature:'f
f'?drlft ( 25 C) was g1ven during 6 days more until theoretical capacity ‘was’ 4>
:'-'reached athIOO V.AIt was etched and mounted in a vertical cryostat .as
lshowed in figure 3. At 100 v it was totally depleted but . it was operated.at o
'—480 V to m1n1mize trapping, at -this operating voltage a FWHM of 2,34 KeV
'6/1 Peak to-Compton ratio and 0, SA relatlve efficiency were measured for the.

1 33 MeV ray of 60Co. For prec1sely determinatlon of the pos1tion of the

K

ﬂdetector inside the cryostat several scanning measurements were. carried out

. w1th a 122 keV gamma ray "beam colllmated (¢ =0.5 mm) .

rThe deteéctor mounted inside the cryostat.

,.yorfexperimentalfmeasurements1of_the polarizationfefficiency'wéoused'
Vlfastland}slou‘coincidences techniques~between the polarimeter and:auINag
gamma-ray‘detector: In the energy range of the experimental measurements
f(O 5 MeV—l 5 MeV) the polarization eff1c1ency is aprox1mately constant-.
A(l7/) Ihisvvalueﬂis.in.good;agreement,with the.results~obtained in_'

. reference 2 for similar-dimensions polarimeters. -
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1) Alpha-beta. and gamma—ray spectroscopy, volume 2 1965, K. Slegbahn (Ed),
page 1040- 1044 .

2) The electromagnetic 1nteract1on in nuclear structure, 1975 Hamilton (Ed)
chapter XV, page 701. .
A.E. Litherland, G.T. Ewan and S.T. Lam, Can.J. Phys. 48 (1970)2320
M Behar, K.S. Krane and R.M. Steffen Nucl. Phys. A201 (1973)126

V1.3 Ge(Li) Detectors Repairing -and Maintenance.

- G, Mart? and C. Gimenez.

"Detector~l.'0wing'to an accident.one of our X-ray‘Ce(Li) detectors.;."
_remained for’a week~at room temperature. The main problem for makingu-
'; reparatlon is that the detector has the f1rst amp11f1cat10n stage located
1n51de the cryostat (Cooled F.E. T. ) then 1t is impossible to evaluate
.leakage current and capacity character1st1cs for maklng a damage diagnostic.
It'was evacuatedlduring two hours'to a pressurevof.lO—?.mbar lnside £5e>
"cryostat. ‘The detector was able to operate at -300 V but total system
resolut1on was‘very poor- (N 12keV for 122 keV 5_7Co‘gamma—ray).
-WE}ﬁeCided,to make a clean-up dr1ftbrns1de the cryostat in despite of
-'destroping FElvowing to the high leakage'current that.would goes through it.
- ”iIhe 'detectorv was uarmed—up at room temperature Qith =200 -V with
nslmultaneously eyacuation..When leakage current rlses up to 40 mA (after 3-4
h0urs4continuosly}pumping) it-was put into the crpostat filled with liquid
nitrogen.and then lt was maintened two-hours at'a constant current of 30 mA
with ;400 V. Four hours later leakage current was-measured giuing»a flat I-v
charaCteristic-from 0 toyel.SOO V at a constant value of 50 pA. C-V L;
characteristic_was not measured. | |
xf‘The.second stage of the repairingpfigure’consisted in the FET exchange.

‘The detector was warmed up again at room temperature with simultaneously


file:///inside.the
file:///decided
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1ipumping‘and -200 V applled on’1t. When leakage current was about 40 mA power
>;supp1y was sw1tched off, cryostat was opened and carefully the or1g1nal FET.
‘dwas replaced by a 2N 4416 selected low n01se h1gh quality FET,:Thisl;h’h
‘Voperatlon took about 5 mlnutes from the cryostat was opened unt11 it was
.jclosed agaln,.finally.;t was refevacuated dur;ng 2 hoursybut 1n thds’case no
hppoitagetwas.applied on,the detector and the cooled frnéer was'inmedié£ei§h:ﬂ
h 1nmersed in 11qu1d n1troéen.: R | | |
The detector was checked at>—1000 V (or1g1nal operating voltage) ‘and
"trecovered its or1g1nal FWHM resolutlon of 720 keV at 122 keV.“ L
Detector IT. Also'ow1ng to an accident one of our Ge(Li) detectorsv
"d(OR£EC.N3;O62L)lspend;one week‘at roon'temperature,'Leakage current and
’_capacity 1ooked‘yery1deteriorated showingslithium precipitation'problems and
sohe descompensatdon_in'the'intrinsic ionc.‘Two}ciean;up driﬁts‘inside the
‘;fnyoétat*ﬁeféféarriéa'bur,:that'fésféred detectorS'orrginal characteristics;

: VThe f1rst was made at 50 mA w1th 600 v durlng two. hours, the second was made

" at| 3 mA w1th 1000 V durlng three days.

A' fBecause.thls‘detector'was or1g1nallynloaded in ahverticalvcryostathby,
=7Ehé3£5¢égry;ipihade-véxy difficultltoluse in the»majority'of nuclear
bfhteiperinentssiAsjtheioperationalvcharacteristics;(FwHM;‘peakAto'compton
‘}relation'andfefficiency)vwere yery good”we estimate.conVinient to-exchange
;the*crystairfron'the original vertical crydstat to‘an horizontal one. The -
hcompiete exchangeioperation was'made:in approXimately four hours and a haif
h',takdng'into.account&the'time needed to warm.the detectorr After eyacuation.
;and suﬁsequentgcooldng down at liquid Nitrogen tenperature‘we noted a
T drastic'1eahage:current:deterioration. The detector was heated to room'
temperature dismounted,:re—etched and'loaded again..Then two clean up drifts
‘ 1ns1de the cryostat ‘were made to restore descompensatlon The detector was

one day at 7 mA 1000 V and one day more at 3 mA w1th 1500 Vv, Operatlonal
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‘ chafahtefistiss' measured aftsr thé treatments Wwere FWHMﬁ -2.12 keV,
apeak—tQACompton relation 27/1 and relative_efficiency“6% for the 1;33-MeV‘

60, .-
- Co gamma-ray.

-_-Vi.A Manual for the Use of ASSEMBLER Functions and Routines Form the

. "Harwell Subrontine'Library" Called by FORTRAN Programs in IBM/370

o : *
. Operating System .

' AA;fDiaz Romero.

The dim- of th1s manual is to show how to use the IBM Job Control

ﬂ'»Language 6 call ASSEMBLER routines and functions of the Harwell Subroutine'

"Library from FORTRAN programs with particular emphas1s on routines acting on
:jthe system clock or. translating BCD ASCII and UNIVAC FIELDATA codes into

Tf”iEBCDIC code

% Internal report CNEA NT-2/81.

'VI;SiFdRTRAN,Programs for the Use and Transmission of Literal Constants

and Variables into Routines in IBM/370 Operating System.

A. Diaz Romero.

‘ Facilities offered to the user of FORTRAN language by ‘the utilization
"6f;string of'charactets, in the cases listed below, are explained and
e ‘ »

examples are given.

- Identification of the btanch through which the program derived.

S
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'

"‘5I?555f€£;fhé'congiplfof'theaprogram td‘labels ahd-fbdtinés;::.=s7

ey T ;

 ?Sélégg?yg;iﬁte¥¥gﬁéibéiéf'é;tgrgfibﬁ dfip;océs§ihg f6;~a.éegughfiélfdata:_
jﬁsé-éf I/O'fé;ﬁafé_séléctgq d§riﬁé thevpfograp.gkééutioh; ;;*u‘f
P;iﬁtiné ¢f;ti££1gs.;f €§mm§ntsiwith Variaﬁié:fbfﬁgté ﬁrdducedfdhriﬁgifhé
§roéfémfexe&ution.  | o

- Conversion of numerical character into integer or floating numbers.
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I 1 Latt1ce dynamlcal calculatlons on azabenzene crystals : the

. distributed d1pole model* d

.Z,Gamba'and H;Bonadeo

Statlcal and dynamlcal propertles of crystals of benzene and non-polar
azabenzenes have been calculated’ u31ng an 1ntermolecular potentlal ‘model
. swhlch 1ncludes atom—atom and electrostatlc 1nteract10ns."

_The»molecular charge dlstrlbutlons‘are ‘simulated with a distribdted
dipole model- ‘their value and -location are adjusted so as 6 reproduce
‘the electr1cal multlpolar moments obta1ned from ab 1n1t10 calculatibns
for this serles of" molecules. The simplest" model, consisting -in plac1ng
-one d1pole near the N-atoms and another one on ‘the line defined by the
'C-H bonds, reproduced well, the azabenzene charge distributioms. *

ThlS .model also allowed a good fit .of 'the observed crystals proper—
t1es; whlch was" 1mposs1ble to-obtain with the atom—atom potentlal alone.
The model automatlcally 1ncludes the ‘high order multlpole moments which
are usually neglected in molecule centered multlpole expansions. ‘It was
" found. that the 1nclu51on of these terms - 1s -fundamental for the descrlp—
:tlon of the observed properties of th1s seties of crystals

- The transferablllty of ‘the intermolecular potentlal was’ checked ‘suc-
cessfully by calculatlng the properties of crystalllne pyr1m1d1ne, a

‘-polar molecule; not 1ncluded111the it

Ty

* J;Chem.Phys;ZQ)'(198l)5059‘

'"1.2 The lattice dynamics of acetylere

2 .Ganba and H.Bonadeo '
Crystalline aceterne'has tWo'knonn phases' a‘highatenoerature cubic
phase, stable between 133K and the" meltlng p01nt (19].K) and a low tempe—
: rature orthoromblc phase, stable under 133K, : _‘ _
In a recent paper, F111pp1n1 et all) calculated the latt1ce dynamical .

propertles of both phases; they used atomratom intermolecular potentials



‘c,2“

,of'several forms, and found that none of them reproduces'the_observedlr
statlcal and dynamical propertles of . the two phases

We have stud1ed crystall1ne C2H “using the atom-atom model pluselec—_

2
trostatic 1nteract;ons calculated with a drstr1buted.d1pole model. The

most simple: form of -this model is;,'iny the case of this linear molecule,
to'place two‘symmetrically opposed dipoles. on the C-H bonds of acetyle-

.~ne; thelr value .and pos1t1on are adJusted to f1t the quadrupole and

f,thexadecapole molecular moments (the first: tWo non-vanlshlng moments)

_calculated ab 1n1t1o. With th1s s1mple model we cannot reproduce the ob—
_'served crystal propert1es.“ A
H1rshfeld and M1rsky2) have calculated electrostat1c 1nteract1ons in

'crystall1ne C,H represent1ng the molecular charge d1str1but1ons by

;fcharges, d1poie§ and quadrupoles locallzed at atomic nuclei; compar1ng

‘ the values of’ the. first- three non—zero molecular multipole d1str1but1ons¥
“tobtalned w1th thls model and our tw0 dlpole model .1t was found that. the
'“value of the 26—pole obtalned w1th the f1rst one is about twice that of

" the other ones. : ' . ‘

J_ﬂ Th1s led us ‘to 1nvest1gate “the 1nfluence of thls term. One poss1ble

-way to do th1s 1s to place four (two 1ndependent) d1poles along the

- molecular axes, and to-varythe1r magn1tude and posmt;on 50 as to ‘obtain

;d1fferent values for the 26—pole It was- found that as the 26—pole
i'becomes larger, all problems presented in the ref1nement of ‘atom-atom
»lparameters tend to d1sappear, and for a glven value of 1t, it is pos-.
hf51ble to calculate atom—atom parameters that, added to the electrosta;
t1c 1nteract1ons, reproduce well the observed statical and dynamical -
'propert1es of ‘both - phases.‘ ' - .

'h W1th th1s parameter set ‘it 1is poss1ble to calculate real frequenc1es
‘ throughout the Br1llou1n Zones. These phonon d1sper51on curves and group
- symmetry; considerations, led us to 1dent1fy which phonons of both phases

‘may be associated w1th the structuralﬂphase transition.

1) 6. F1l1pp1n1, C.M. Gramacc1011 and M, Slmonetta, J Chem. Phys. 73(1980)
1376. : .

2) F.L. leshfeld and K. M1rsky, ‘Acta Cryst A35(1979)366



I.3'hattice dggamical calculations'of the mean‘square amplitudes

of crystalline biphenil¥*:

H.Bonadeo and E,Burgos |

Usually;-atomic displacements of the atoms are'interpreted_in terms
of molecular‘motions with the aid of the TLS model, which takes into ac-
count the molecular'rotations and translationsf However, when low-lying .
'internal modes, which mix appreciable uith‘lattlce vibrations are pre-
sent, the . model must be approplately extended In the present work we
lpresent the formal extension of the method and apply 1t to the case of
crystalllne b1pheny1 whose tor31ona1 motlon prov1des a good example.

We show that the m1x1ng is very 1mportant especlally in the calculat1on

" of the off-d1agona1 elements of the mean square d1splacement matr1x

'and that 1gnor1ng it. leads to serious mlstakes 1n the 1nterpretat1onof
Hiexperlmental data. We have also calculated the mean square d1splacement
matrix of crystalllne b1phenyl at two temperatures, using the Born S-

. matrix method wh1ch proves to be an excellent approxlmatlon, and re-
duces the computer time by 1/5. The resultlng amplitudes are in fa1r
agreement with experlment, and»show that the extremely hlgh amplitude
of 11brat10n about the long molecular axlS may be sat1sfactor11y ex-.

'p1a1ned w1thout assumlng a double-well Shape for the torslonalpotent1a1.

’*AActa'Cryst, Ap(in press);

r 4 Electrlcal mult1poles and mu1t1pole interactions: compact

e;pre351ons and a diagrammatic method*

E. Burgos and H, Bonadeo

The expressions for the calculation of high order multipoles and
mult1pole interactions in carte31an coord1nates tend to be extremely
cumbersome. The 2 -2 interaction energy is ‘

w1

nom n' m'

q ai. a..fa. anfls.. ﬁ..(R)qBﬂl B

(=1).

: (1)
= n! m! (272—- 1)” (zm_< 1)!!QAa....a..fa....a;gn..:ﬂm(R)QBﬂl...ﬁm
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Cwith.

Forvoaot pm(ﬁ)=[M] Fan®

R B - ).
T o Renimyl

'~and,

Qa| an .‘. P(r ag:. a..( f) dV’ . a

where 0 ay-o_ '15 2" —pole moment, al Bj are cartesian components and R fﬁ
is the rad1us vector 301n1ng the centers of charge dlstrlbutlons A .and
.B. v v‘ s . .

The problem is to f1nd compact expresslons for the’ der1vat1ves of
|RI- It is p0551b1e to def1ne permutatlon.polynomlals of order E;
-.and degree k, _ _ d. . ' _ ‘ |
(Rkal a. lm 2 PN Raus:znﬁl.‘ak;z 8-1-.-—1.-1"- ’

. P B T
: w1th m= 21+k where the sum is extended over all different permutatlons
of al ..qm. It can be shown that '

mf2) - N - R

fm a,..(R) R (2m+1) Z ( m I[Z(m l)—-l]” RzI(Rm 2151)0“ an (2) .
where Im/2| is the 1nteger part of m/2 From eq (2) it is easy to obtaln
"the funct;onal_form of f,'f_and Q. The dlagrammatlc method is based on
;che;graphic'representation of eq(l) We construct one center ‘and m . ver-

m 29,8

tices corresponding to each component:.aJ of (R 8 )a Rl Each one of

‘the m-21 components R .'is represented byva 11ne 301n1ng the center with

"3‘vertex T .and each da d by a line joining vert1ces ak and al. There is

a one-to—one correspon%ence between the topologlcally dlStlnCt dlagrams, o

: 'w1th each vertex joined e1ther to the center or to another vertex, and

the terms in the r.h.s. of eq.(l) There are also relatively 81mple rules
to obta1n the correspondlng coefficients. The graphs and results for a

26 -pole are shown in F1g 1.



CF =
tjklmn . -

: ERTYY 6 :
. 11. (R )Ukl

‘; 9uR2(R4S).
SR LT

. Fig.

1

lmn" -

ﬁkhnn

\/

-6 3 |
5ll '
(a uklmn

D .



o —
1Y Q7 R.R. .
ORI RR RR o‘]klmn

. guRZOARR.RR. QB .5
SURZQRRRRR, QF) (1« 5

R T A
W 110 RRJRkRIRmRnQ n+s 91R2QA RJRleRinjklml/1!591{!9!!12 _3

RRRRQ

.: 11'91 RIRJ mRn klm

lklm

- 9!!R20ﬁ RiRy RR o «8 .

6 oA L
7"R a R Rl °|,k| 2 B
m n kl

Wy e 1"OARRRkRR R QB -e 9UR QAR RkRR l 4125 7uR‘vQAR R|Qlkl}/20413u7uR13'-:f.

A -
! tgiijiRijRlRm anmn;

- 9"R20.A RiR RlR Q

7HR" QA le QB 18

ijl-

6 A B
B SHR Quk Quk

B, q.qnp2al B
[ nno RRRleRmRan »9xouRZ 0 RRleRmQ”m o

. A - 6 A / 91§l 5 ‘3
18 7"R QJkRleQljl 6 5"R Q Qljk 373150 51RE

' Fig. 2



“'The 1nteractlon energy results from a tr1p1e tensor product. It is

p0351ble to draw a graph ‘which has 1n its center a. d1agram for F ‘with'

: r'n vertlces to the left and. m to the right of its center on ‘the. left

of it, Q ﬁf is’ “drawn. as a center with n 11nes, each llnked to one

':}left vertex of . F, 51m1larly, a diagram for QB -8y is drawn on the ‘right

'\]‘of F Whenever two. lines join, the correspondlng 1nd1ces are contracted

the. resultlng graph represents. one term in the 1nteract1on energy There

”A'are rules to calculate the correspondlng coeff1c1ents, and the results

‘-for n-Pm 6 1s shown in Flg. 2, The ‘method can, be ea51ly extended to any

Afunct1on of R and can be. used advantageously in connectlon w1th problems

w_1nvolv1ng central forces.

% Mbl. Phys: 44 (1981) 1



i.ﬁlFrequency distribution in some disordered systems

A.Frigerio, N.Cohan; M.Weissmann and H.Bonadeo

Weare 1nterested 1n the studv of - v1brat10na1 spectroscopy of noble gas
matrlces 1mpur1f1ed w1th 1ow concentrations of. alka11 metal atoms.’ '

We-adapted the. cont1nued fractlon method 1n»the'form'used in the ca1Eu—'7
. 1at10n of dens1ty of electron1c states bbehan—Welssmannl), to the calcula-‘
tlon of dens1ty v1bratlonal states. F1rst we have tested ‘the method in'a:dis-
ordered one d1mens1ona1 chaim .of two components. The comparlson with numerl-'S’
cal calculatlons of P. Deanz) shows .that the locallzed modes have correct. fre-
quency values and their band helghts are in reasonable agreement with. those
of .the exact results. The same agreement is va11d for the spectra obta1ned
'by varylng the concentrat1on and the mass relation between the twocomponents
’ of the d1sordered alloys. ' ' ' -

We then extended this method to a calculatlon on face centered cub1c lat-
" tices, wh1ch is the structure of the,systems*we expected to measure w;th far
'1nfrared and Raman- spectroscopv._';i I _.' |

' W1th the hvpothes1s of central forces and 1nteract10ns between first

l'nelghbors sites -only, we tested the program in the ordered case- w1th ther

phonon den31ty of the f.c,c, crystal

In Fig. 1 the phonon denslty_of. i
'states_of the_f;c.c}.lattice?)
' (fulllline) is compared with -
our results (dashed 1ine)'in a
model of 365 atoms, wh1ch co- . o
rresponds to a calculatlon

- with only eight exact moments.
' Presently we are introduc- o
ing the disozder in the masses

and force constants, for sys-

tems such as Xe—Na; Ar?K,

- Xe-K, which we may_be;able to e

measure in our laboratory.

1y N, Cohan and M. Welssmann J Phys C: Solid State Phys Vol 10(1977)
2y’ P. Dean Rev1ews of Modern Physics, Vol 44, N= 2 (1972).
3y 7. J. Rehr and R. Alben, Physlcal Review B, v°1 16, N26 (1977)
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1.6 A Crygstatlc Cell for Raman “and X—Ray D1ffract1on Work

E. Halac, N. Gut1errez and H. Bonadeo

‘ For study1ng the latt1ce v1brat1ons of molecular crystals it 1s fun—
-damental to obtain polar1zed Raman spectra. These allow the un1vocal
'.ass1gnment of the observed bands to the symmetry spec1es of the crystal
‘ factor group, and therefore its comparxson w1th those calculated us1ng
d1fferent models for the 1ntermolecular forces. These spectra requ1re'
“the growth of s1ngle crystalllne samples and the knowledge of the crys-
tallograph1c axes orientation. ' o

- We are 1nterested in the study ‘of materlals wh1ch are l1qu1ds at’
room temperature. This fact carr1es exper1mental d1ff1cult1es due to
the necess1ty of grow1ng the s1ngle—crystals at low temperature orien-
't1ng them and obta1n1ng 1ts Raman spectrum, avo1d1ng the man1pulat10n l
of the sample. o o h' e

We have constructed a cell whmch fulfils these requ1rements and 1s

"presently be1ng appl1ed to the study of Brp crystal w

. The f1gure 1 shows a schemat1c ‘drawing of the cryostat.
1) Exterlor’body
2) Liquid N, reservoir
3) Sample holder goniometer
. with two. 30° perpend1culara

arcs. A

"4) Gear system for transmit-
_ting the moviments to the

. goniometer from the exte-

S orior. T .

- 5) Gear commands.

6). Mylar windows.

7) Glass w1ndow for the laser

incidence. = .-
- 8) Heater resistor.
9) Resistor passant. -

s

PO OTIITS

10)Kovac passants for therm0— | DETALLE A
~ cuple. >~ J
‘11)Liq. N2 inlet in hor1zon— A L ,

tal position.
12)N, -gas outlet.
13)XY displacement for cente-..
ring in the Weissemberg .
chamber. : . . ; T )
'g14)Vacuum connection. } S S A
15)Vacuum valve. : : , ;o
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A sealed glass cap111ary tube contalns the sample and is placed in the
, Spec1men holder of the gonlometer head 3), which tw1nes in the liq. N2
reserv01r 2). o ' , ‘ ' S

After ‘the cell has been evacuated the growing of ‘the crystal beglns
K coollng gradually from one of 1ts ends ‘The heater resistor 9) can be’
‘p031tloned at any helght around the sample and allows the control of the
thermal gradlent.

. Once the 91ng1e crystal has been obta1ned the cell is mounted in the
Welssemberg chamber in horlzontal p031t10n. Its axis is in c01nc1dence
with the turnlng one of the chamber. The Mylar w1ndows 6) allow the a-
11gnment of the crystal and the 1nc1dence and scatterlng of X%rays in. a

complete turn of the cell The sample or1entatlon can be var1ed by means

- of the commands 5), each one transm1tt1ng the movement to one of the go= -

nlometer arcs by a gear system 4) The gears are mounted on passant axes
‘ w1th.0—r1ngs, in such a way- that the vacuum is not altered during their
turning. - o : o | .

V'Given the orientation of the crystallographic-axes by. means of the
’ Welsserberg photographs we can obta1n the Raman spectra 1n polarlzed light.
A.The ce11 1s mounted 1n the spectrometer in different positions dependlng
on the de81red polarlzatlon. The glass w1ndow 9) allows the laser llght.'

1nc1dence.
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';CRYSTAL-STRUCTURE AND PHASE TRANSFORMATION

CETLL X-ral characterlzatlon of g@Lgrom ‘Ca’ HPO4 . 2H20 and Pb HPOA
crxstalsf C ST o
‘F. Lefaucheux* M.C. Robert*, E. Manghl and H. Arend** ;

" The use of gel media offers in manf oases'a'surprisingly'effdoienr and
simple crystal growth method for substances with a low solubility ‘and a
- low thermal. stabllity o : T

N .Two different gels have been used to grown brushite (Ca HPO4 ZH O)and
lead monetite (Pb HPO ).

1) Silica gel . : ;

"2) Tetramerhoxysilane'gel (TMS)' ’ ‘ '

The former compound is a blologlcally 1nterest1ng mater1a1 whereas the
latter 1s an 1nterest1ng ‘ferroelectric.

' Two main features characterize the. crystals obtalned

- a high growth rate (up to 2mm/day)

- a good quality. o ]

As grown crystals have been characterlzed by X-ray Topography (Lang
method), The defects observed on topographs are ma1nly gel 1nc1us1ons and
- dlslocatlons startlng from these 1nc1uslons or fron1stra1ned.growth sector
boundarles.' '

The dislocations density is higher"for‘ crystals grown from a silica
gel than that obtalned when TMS is used, both for brushlte and 1ead
monetlte.‘ ) ‘ ’

-Reducing to 1. 0006 the gel density for TMS 2%, 'large zones of the.
crystal: are'dlslocatlonu free. The correlatlon ‘between the gel density
and the dialocation density, can be explained by the reduction of entrap-
ped particles;"i ‘ : o '

The gel properties (e.g. viscbsity)“can be modified varying the tempe-
rature and in general more perfect crystals are ohtained at lower tempe-
ratures. Experiments with 'PbHP04 performed in a TMS gel at‘32 °C gives
larger, thinner and more perfect platelets than those obtained at 40 °C.
This material has . a phase transition from a‘paraélecfric:to'a ferroelectric
phase at 37 °c, and good crystals can be obtained of both phases by chang-
ing the properties of the gel. ' '

-Solution grown crystals usually show growth bands ‘which- are related



to impurity segregation_governed by convection'currents.No typical growth
bands are observed in gel grown crystals.

Their absence suggests that the gel behaves as a convection free medium.

+ ThlS work was developed at Lab. de Cristallographie, Univ. Paris VI
..:France. (1980). Journal of Crystal Growth, 51(1981)551-556.

*"Lab. de Cristallographie, »Unlv. Paris VI, France

®% Lab. Solid State Phy81cs, Swiss Federal Instltute of Technology, Zurich,
Sw1tzer1and , .

11.2 Observatlon of ferroelectrlc domains in gel grown Pb HPO4
ExstaIST

R. LEBlhan** M. Mausslon**, F.Lefaucheux*, E.Manghi and 4
M. C Robert* C e . : , " ‘

This material, an interesting ferroelectric with some promising proper--
t1es for device appllcatlons undergoes a paraelectrlc—ferroelectrlc tran-
51t10n at 37 °C .

o Among the stud1es devoted to ferroelectrlc propertles of Pb HPO4 only-

one‘) gives some indirect 1nformat10n concerning the structure of ferro-

'Ielectric dOmains-from the shape of hysteresis loops a multidomain state

- is assumed in this material. '

Thus a direct visualization of these domains is needed.

AThe,directwobsenvation with scanning electron microscopy using a tech-
nique already deseribedz) is a suitable and non destructive mean to
study the;stfucture_of ferroelectric domains. This method has“been'applied
to Pb HPOA-singleAcrystals grown in 'a TMS gel system3), In the secondary

electron emission mode the domain boundaries are revealed on two natural

.vfacets'which.Cut' the polarization. axis Ps lying on the (010) plane.

. ' The domains.ate cylindrical, in both facets the observed domains sections

are lenticular similar to those.of TGS crystals (dn'1+-20u)

As in the case of TGS, when several: doma1ns coalesce sections of 1rre—
gular shapes can be observed. ' ‘

The size and geometry of ferroelectric domains 1nferred from these ob-

servations are quite dlfferent_from.those proposed in another study by



. X-ray Topography of thc:sane.material grown irom,a”diiferent'gel“) under

‘"'different conditions.

+ This work was developed at Lab de Crlstallographle Univ. Paris VI,
-~ France (1980). Phys Stat.Sol. (a) 64(1981)KS5.

Lab. de Crlstallographle Univ. Paris VI, France:

*% Lab. de Physique de Surfaces, Inst.de" Phy51que Un1v. de Nantes,"
) France. .

By Novak F Smutny and J.Fousek, Czech. J.Physi B27(1977)477
2) R. LeBlhan and M, Mauss1on J.Phys. 33(1972)C2-2/5

3 F. Lefaucheux M.C. Robert E.Manghi and H.Arend, J. Cryst Growth 51
©(1981)551-~ 556

“) B.Brezina and J. Horvath J. Crystal Growth 52(1981)858-863

II 3 A Comparison between gel—grown and solutlon-grown crystals‘
case of ADP and KDP+t

E fF}tefaucheux*, M;C;Robert* and E.Manghi -

The gel growth techniques have been' developed for materials which are
difficult to grow hy other techniques, e.g. insoluble materials..

Very few studies haye been devoted to gel growth of water soluble
‘crystals which.can be easily grOWnrby classical solution methods.
In this study the growth defects. in gel-grown ADP and_KDP;crystals
'are‘described;and compared'with those obtained in solution,grown§crystals.
A The crystal defects are observed by X-ray Topography (Lang Method) .
~ The growth—medlum chosen was TMS ‘gel which allows the preparatlon of
ADP and KDP saturated gelled solutions.. '

Different technlques combining changes in temperature.and dlffu31on :
in TMS gels y1e1d crystals which are usually more perfect than those

fobtalned by solutlon

+ This work was developed at Lab. de Cr1stallograph1e, Univ,. Paris VI
' France :

* Lab -de Crlstallographle Un1v. Parls VI, France.


http://Inst.de

II.4 Synthesis of (AsO4) H (U02)2. 8H20'using a gel method

E.Manghi and G.Polla

‘It has been show.nl)‘that;(Asd4)2H2(UOZ)2 .8H,0 has two phase transitioms:

2
Phase I 22°CQ"- Phase IT '~-20°C Phase III-
Paraelectric Ferroelectric ' Ferroelastic
Paraelastic P Antiferroelastic

No X-ray crystal etructure analysis'oould be.performed on crystal of
phases II and IIT as they can not be grown as single crystals from solutiom.

The stability range of phase II points to the gel method as particularly
‘suitable to obtain good single crystals. '

Differents‘conditions were tried, and the following'two gave the best
results: .

1) 0 3 M aqueous Solutlon of A$0 was mixed with a 10/ TMS aqueous

solutlon, when this mlxture his?gelllfled in a test tube, a 0,5 M
aqueous solution of'(N)BCZ.UOZ.oHiO ie carefully poured on the gel
surface. Ny
© After ‘a week some crysnals nucleate and after approximately one
month they were removed from the gel
2) The same procedure was followed but a O ] M aqueous solution of
AsO H was used
The crystal hab1t is prlsmatlc, qu1te different from mlcaceous crystals
obtalned from solutlon. '
ThlS d1fference in crystal hablt allows one to carry out a series of
experlments, which cannot be performed with m1ca—11ke platelets.

An example of the experlments carrled out w1th these crystals u51ng

X—ray d1ffract10n technlques is glven 1n the next paper sf this report.
. - Lok ! .

y Symmetry and phase transitions in H (UO ) (AaO ),.84,0.
'M.A.R. de Benyacar  and H.L.de Dussei Ferroelectrlcs, vol 17(1978)469.
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II.S'Ferroelastieitv;hKAsOa)Z(UOZ) H, r 8 H20 +

"H.L. de Dussel, L. S. de Wainer and M.A.R. dé*Benyétaf"“§"

The ferroelastic. character of phase IT of HUAsH' suggested by optlcal
observat1ons ) is analized. 4

The only ferroelastic specie ) compat1b1e with the ava1lable data is
4/mmm F2/m (s). In order to describe: the spontaneous stra1n tensors co~
rrespond1ng to the d1fferent or1entat1on states 1t was necessary to study
the lattice distortion at the transition, which has not been prev1ously
determ1ned as precession ; photographs of the twinned crystal failed to
show any departure from tetragonal symmetry A new technique was used to
obtain diffraction data in a powder dlffractometer on polycrystall1ne
samples oriented parallel: a) to (hOO) and b) to (001) '

The correspond1ng diffraction patterns showed in case a) (hOO) and
(OkO) and in case b) (001) reflections of high 1ntensrty and wh1ch
‘were almost free from all other types of reflectlons, so that no super—
“p051t10n of peaks is observed for any 20angle; nevertheless, in case
a) unav01dab1e small_dev1at1ons of some of the crystals were respons1ble
for a few and weak (hOl) reflectionms. o . |

‘Thus, all the cell parameters of the monoc11n1c phase were determined’

at T=-12 °C

a= 7.152,A b==7.111 A c¢= 17.554 A 8=90.35+0.05 °

Theextinction rules determined the space group of.this-phase aS.PZI/m
or P21/c, o . ,
~ Thus, the spontaneous strain tensor S1 could be calculated
s, - (—2087 2. 9, 3".85)
The other strain tensors are derived from Sl?,
S2 through reflection in- zT =0 7
S, through. rotation.of m/2 along ZT -
S, through'rotat1oni—n/2 along zT_"
.The‘observed domain walls. are in!agreement with~those~obtained using
Sapriel’ sa)compat1b1l1ty criteria, N
Further 1nvest1gat1ons are in progress aiming at the obtentlon of

the dimension and symmetry of the order parameter from the spatial
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symmetry of phases I and II, using the theories of Toledano~et al*).

"t Part of th1s investigation was presented at the V International Meet1ng
of Ferroelectricity, Penn State, USA, August 1981,

1y M.A.R. de Benyacar , and H.L. de Dussel Ferroelectr1cs 9(l975)241
2)'K.Aizu, Phys.Reév. B2(1970)754,

3 7. Sapr1el .Phys.Rev. B12(1975)5128,

%y J. c Toledano and P Toledano, Phys. Rev. B21(1980)1139.

lI.6' Study of doma1ns and doma1n walls in ferroelastic B1V04 +

L S de Wainer, R Bagg1o H.L, de Dussel and M.A.R. deBenyacar

’ The.domain Structure of pure.fettoelastic BiVO4 has been studied by ’
- TEM and electron d1ffract1on Some prel1m1nar results were descr1bed 1n
CNEA NT- 13/80. . '

Stud1es of - the spec1mens in the electron m1croscope showed that when
only parallel domains walls are present, a two fold sp11tt1ng of the
diffraction spots in the (001) plane is - always observed, due to the
presence of two or1entat10n states

‘The angle between the trace of the W non—crystallograph1c doma1n
walls and the (100) crystallographic d1rect1on was determined from elec-
-tron micrographs. The measured value of 37.4° corresponds to the trace
of a (1p0) plane with p=0.78. Calculated values obtained using the
formulas proposed'by Sapriel})andthe cell parameters given by‘Sleight et

al?) give for a crystal at T=40°C an angle of 36°C and p=0.72 in good
agreement with our measured values. _ _
‘When both sets of almost orthogonal'domain walls-appear, more than
two beams contribute to the diffraction sncts belonging to the (001)
"~ reciprocal planes. This.multipleleplitting can be explained if additional.
rotations necessary to bring'donains into mutual contact along a permis-
sible domain wall' (PDW) are. taken. into: account |

We impose the condition that the change of a vector parallel to a PDW

v=(1,p) must-be the same in adjacent domains for each domain wall:

o g
1 i.v. C2ei v
5 Vi R A



c.17

-As a consequence of th1s new compat1b11ty cr1ter10n each of theor1en—
' tatlon states is sp11tted into two s11ght1y rotated ones. -
We obta1ned the spontaneous strain tensor of these four or1entat10n

states and analized the perm1531b1e boundarles between them.

'+ Ferroeléctrics, 31(1981)121. S
1) J.sapriel, Phys.Rev. B12(1975)5128, L L
2) A. Slelght H.Y. Chen, A.Ferreti and D. E -Cox, Mat Res Bu11 14(1979)1571.

11.7 Crystallochemfcal study of Apatites from subcutaneous calcifications

- J.R.Mataldn and M.A.R. de Benyacar -

The main objective 6f this work was the study of the mineral phases
present in subcutaneous ca1c1f1catlons :

The follow1ng techniques were used: X—ray powder d1ffract10n for the
identification of the mineral phases, 1nfrared spectrophotometry for the
identification of the functional groups, partlcularly CO3 1ons, and EDAX
for the confirmation"of the chemical composition and-theAdetermination'of'
the Ca/P ratio. In all the samples the only mineral phase present ‘is =
ca1c1um carbonate - hydroxyapatite.

The calcified subcutaneous masses were observed:as a white~creamy'
fluid and as 'a granular material formed by white nodules -a ‘few tenths of
‘mm. wide surrounded by.a yellowish, soft, fibrous material. Besides the
mineral phase the presence of ‘acid mucopolysaccharldes was’ ascertalned -
.by a positive uronic ac1d ‘carbazole reactlon Infrared spectra of un—A
treated and heated samples showed different: carbonate contents  for the
different patients and the presence of carbonate ions belonglng to an
A-B type carbonate—hydroxyapatlte. o

‘From these observations.we conclude that the ratio of CO3 1ons repla-
cing PO4 groups (B type) and CO3 ions replacing HO : groups (A type) is
not constant for all the patients, 1n good- gg;eementwnth the varlable
Ca/P ratio obtalned from EDAX for d1fferent samples. Our results are
strikingly similarto those observed in dental enamels by K.Jonds et al
(Phys.Chem.Minerals, 6(1980)55—60;
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I1.8 Idiopathic familial chondrocalcinosis due to apatite crystal
deposition* ' o

- J.C.Marcos, M;A.R; de Benyacar, O.Gafcia-Morteo, A;S.Arturi,
. J.A.Maldonado-Cocco, V.H.Morales and R.P.Laguens

The main objectiﬁe of the work was the identification of calcifications
’of costal cartllage samples obtained by open biopsy from one member of a
family w1th idiopathic’ fam111al chondrocalcinosis.

X—ray diffraction studles, energy dispersive analysis (EDAX) and in-
frared‘spectrophotometry of the sample demonstrated the presence of
“earbonaﬁe calcium hydroxyapétite; Radiologitally; four out of the five
patients has multiple iﬁtervertebrel disc calcifications, mainly_located
at the ‘nucleous pulposus area. Three of them also had periarticular cal-
cific deposits associated with costal cartilage calcifications and dege-
Inerative changes in the small joints of the hands in two. None of these
cases showed cartilage calcification in knees, symphysié pubis or trian-
gular ligamentudf carpus. In the.proppsitus an open biopsy of a second ..
proximel interphalangeal joint showed, by obtical'ﬁicroscopy,'the pre-
sence of multiple calcified areas in the intercellular matrix_and
chondrdid metaplasia with calcification of the matrix in the synovial .
membrane and capsule. A . .

In -this study no re;ation was found be;ﬁeen HLA antigens locus A, B

and C and this syndroﬁe due to calcium hydroxyapatite crystal deposition.

'

- * This work was carried out jointly by medical doctors from Instituto Gral
San’ Martln, (La Plata); Instltuto de Rehabilitacién del Lisiado, (Buenos
Aires); Universidad de La Plata, (La Plata) and members of the Solid
State Physics. Division,.Physics Department, Comisidn Nacional de Energia
Atdémica, (Buenos Aires) -

I1.9 Grain growth in ice . ' L ‘ L
4 ' . ‘ ' ) '
. .L.Levi and E.A.Ceppi* -

‘Grain-growth is studied in. polycrystalline ice; obtained by rapid free-

zing déubly distilled water. The samples are formed by elongated grains of
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200 300 ym mean w1dth and 2—3nm1mean length They are annealed at d1f-
ferent temperatures between O c and -10 C.. o

The results show that the mean length 1 is not affected by anneallng
while the mean width w 1ncreases w1th the anneallng t1me t, so. that grain
~ growth may be represented by w(t) "It ‘is shown that, for large anneallng
times, Y(t) tends to:a-l1mlt~value wﬁ._This effectAls'related to the pin-
ning action of air bubbles, alwaYs,preBént in ice grown»in contact with

air, and the phenomenonfis represented by. using the equation
@ %) fa_+1n(G -y‘a ) G W) = Gl )‘thg/a

vproposed by prev1ous authorsl) to 1nterpret a s1m11ar behav1our observed
. in metals contalnlng solld 1nclus1ons. Assumlng w' d/f where d is the
bubble diameter and £ 1s the volume fractlon of air dlssolved 1n water,
reasonable values are found for d. | I _

It is shown that previous results of Jellinek and Gouda?) could be
also'interpreted by applying: the same‘equation..Comnarable values. are
consequently obtained-for the rate factor K==K6 exp (-Q/RT), where Q is
the activation energy for grain boundary mobility. It is found Q=0.59%eV.
This value is compared w1th that of the activation energy for bulk self
d1ffu51on~'0 6 eV3) _

Follow1ng the normal grain growth theory, it is concluded that, in .
1nth13 case,;the phenomenon would be controlled by bulk diffusion of im-
purities,ﬂup to the very melting point, . .

The absence of a transition to a lower activation energy, usually
. observed for metale near the melting pdint“i is related,to‘the low value

of the grain boundary interface free -energy of ice.

* CONICETanLServicio,Meteorolégieo Nacional.
1) G.F.Bolling and W.C.Winegard, Acta Metall., 6(1958)253..
" 2) H.H.G.Jellinek and V.K.Gouda, Phys.Stat.Sol., 31(1969)413,

3) L.K. Runnels, Physics of Ice, International Sympos1um on Physics of
Ice (1969)514 Plenum Press

4y ¢.J. Slmpson K.T: Aust and W.C. Wlnegard Mbt Trans., 2(1971)987 993
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11;10 Phase tran51t10ns in 8PbO. V205

-R.Baggio, L.Schmirgeld de Wainer, H.L. de Dussel, M.A.R. de
. Benyacar.

8PbO . V2 5 ‘undergoes .a 2nd order phasevtransitidn at 155°C, The low
temperature'pnase;is‘ferroelasticl). We have studied this compound by
means of optical microcopy, electron microscopy and diffraction, and
X-ray diffraction,from‘room‘temperatnre:up to. 900°C.

The compound was grown from the melt, as quasi-tetragonal platelets
with the ‘001‘ “axis normal to the plates.

" At _room temperature, two dlfferent types of domalns are present two
sets of qua31—orthogonal needle—shaped domains already reportedl) (here—
‘after named type a), and a set of bands at 45°C to the previous ones,

.sometlmes endlng in a sharp wall parellel to {100}(Type b).

FRQTACION DEL ELIPSOIDE OPTICO ENTRE TAMB. Y 300°C l'BPbQ.VZOE,):

. e ’ , TeC)
t —t+— T Can O —
50 - 100 150 200 250 300

Fig. 1
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Domains of type a can be moVEd:uﬁderislight*pressuré(thardcteristic
of a ferroelastic phase).
Their extirnction positions =~ =~ *: “a

15°)
- !VROTA(‘ION DEL ELIPSOIDE OPTICO EN DOM!NIOS "

(and accordingly their ' ADYACENTES (8PbO.V, 0] *

opticalrélipsoids);aré~ S o R
rotated 26°, atiroomi'ﬁ"f‘ R S e
temperature. On heating | I S
this angle d“decreases | '

continuosly .towards a Li-" - IR v s 100 o 150

“mitting 6 (Figiland 2) =~ =~ °'|° L
resembling the typical ' ol B
behaviour of the order
_Paramétgr'pfﬁa_an order.” * . . 4&:' B
transition. = - o T

A least squares fit of .. el
(d-—dq)l/B vsT (Fig. 3) '
with 1/8=3.10, showed a o
f - o - Fig. 2.
* remarkable linear trend, and N
" 4n extrapolated trénsitfpn"
temperéture TO:-“153°C in
-agreement with the values
at,which~thé'ddméiﬁs'aré
{ seen to vanlsh . L T ey
' Our X-ray and- electron ’
diffraction work show'a . - - o Y
" monoclinic symmetty .at room SRR N
temperature, with theumique o o SR
axis parallel to "the pseudo-. . o \
" tetragonal one, 1n conflict -+ _";‘“7 S A
with Ppreviously reported data. a ‘ \
~The rotation of the optical ~~ * ' ‘i st

‘ellipsoid, however, supports S By

B our data..
. - N ‘“ Tu=‘ !5.3 . T"DC) C
On heatlng,domalns of type" ‘ S -

b do;not-change‘up to=27o c, -AFiéﬂ 3,
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when they dlssapear in a dramatic transition, sometimes accompan1edw1th
cracking of the crystal,

The transition from can be crearly seen'crossing the crystal and
Hringing about a sudden change oflcoﬁtrast. On cooling a thermal hyste-
resis'sometimes as large as 100°C can be observed. These two facts
characterize this transition, which has not been reported so far, as a:

" first order one.

1) F.F.Dudnik - and I.S.Kolesov, Sov.Phys. Solid State 22(4)(1980)700.
2) R. von Hodenberg, Ber.Deuts.Keram.Ges. ﬁ2ﬂ1972)243.

- 1I.11 Problems in the X-ray study. of copper—strontium‘formafe

ootohzdrate

P;K..de Perazzo, M.A.R, de Benyacar -and H.L. Dussel

The study'of properties of copper strontium formate octohydrate,
hereafter CSFOﬁ' wes undertaken as part of a study of ferroic materials.
_.Thls compound was chosen because of 1ts probable similarities with: cop~
- per formate tetrahydrate wh1ch undergoes an order dlsorder paraelectrlc
to antlferroelectrlc flrst order phase tran91t10n ‘at 236°K

Although the crystal structure of copper formate tetrahydrate has
been solved and can be described by alternative layérs of copper formate
and'disordered-water molecules perpendicular to c¢ axis, there is no X-ray
diffraction study of CSFOH. This compound was then crystallized from an
'aQerué solution of which blue colored good single crystals were obtained.

From X—ray diffraction of these, cell parameters were determined.

8.94 A

a

6.63 A, b = 8.77 A, c

a .

104° 21' B8=95°57' y = 88° 35'

The axial ratio derived from these data is in good agreement with.that‘
obtained from optical observations as mentioned by A. Winchelll) . Tri-
clinic space groups Pl or P1- are possible. X-ray irradiated (Cu/K) ecrys-
" tals change their colour from blue to b}abk; in the. irradiated crystals

the presence- of Cuf ions has been detected by qualitative chemical tests.
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Precession X-ray patterns of these irradiated. crystals shdwed‘édmé

' weak reflectlons correspondlng to an orthorhomblc cell superlmposed

with the tr1c11n1c one, both hav1ng d010 parallel. The orthorhomblc
<parameters are:

) . : ( Ve
- ' - o : T °

a 6,79'A,_,p,=.8,16 A, c=7.26A

N
]

oom 90°, . B =90°, y =90°
We are now worklng w1th DSC (d1fferent1a1 scannlng calorlmetry) on
. both samples;,the untreated and the X—ray 1rrad1ated one to 1nvest1gate .

'dehydratlon under 1rrad1at10n as a p0851b1e mechanlsm to. explaln the

two cells.

1) A.N.Winchell, The optical properties of ofganicecempbunds, (1959)15



II,lZ‘.Aging¥of accreted ice*

F.Prodi** and L.Levi

There'are‘relatively few results on grain grthh in ice crystals,
desnite_the interest of this material, mainly due to its abundance in
_ nature. The comparison of the resnlts obtained by'Cartel) Roosz) and,
more systematically, by Jellinek and Gouda3) suggests that the 1n1t1a1
crystal structure of the samples may affect the behav1our of the pheno-
menon. _ .

The study of ice aceretions gives the possibility tolinvestigate this
phenomenon in polycrystalline structures characterized by a well defined
texture and grain size distribution.

In the present work the effect of annealing has been studied in ice
dep031ts grown in wind tunnel at different values of the air and deposit
temperatures and consequently presenting dlfferent mean size and shape.
Cross sections of the cyllndrical deposits have been cut and replicated,
as grown and after annealing, to determine the average cross seetionwa,
-the mean maximum length T and width w and the orientation of the c-axis
of the crystal grains, S o »

"Significant grain growth was observed even at the ‘relatively low
temperature of -19°C. The average graln cross section increased for near-
.ly all deposita, but this was mainly due to the increase of the crystal
»ﬁidth, while the length 1 varied slightly and in some cases even decreased
with time. The grains were initially elongated but tended to assume comsr
- pact final shapes .

. The study of the c~axisorientation showed that the statistical distri-
.bution of the crystal orientation was not mod1f1ed:substant1ally by an-
‘nealing} so that the initial sample texture could be usually recognized

even after protracted storage of the samples, at a temperature'T<0°C.

" These results may be of interest for the interpretation of the
hailstonestructure when these have suffered some degree of annealing
before analy31s. .

The;change,of‘the crystal dimensions with annealing is interpretedin



terms of the grain growth theory.

-k J Atmos.Sci, 37(1980)1375
Kk Laboratorlo FISBAT, CNR Bologna (Ttalia).
) A.E.Carte, Bull. Observ. Puy de Dome, 3(1961)129
2) Dp.v.D.S.Roos, J. Glaclol., 6(1966)411.
3) H.H. G ,Jellinek and V.K. Gouda, Phys. Status Solld1, 31(1969)413

.‘\
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I1I.13 Effects of the growth mode upon the crystal orientation

in artificial and natural hailstonet

L.Levi, F.Prodi*- and- L.Lubart**

The c-ax1s or1entat10n in cy11ndr1cal accretions and in oblate
haIISUQDEUJ!SCUdled and ‘the results are dlscussed in relatlon to the
haﬂstone aerodynamlcs. In the" case of art1f1c1al-accret10ns, frequency'
dlstrlbutlons are obtained for the angles between the projection of the
c-ax1s into the plane of the normal sectlons of - the cyllnders and the
radlal d1rect10n (n) or the c-axis 1tse1f (G) and for the ‘total angle
',between ‘the c-axis and the radial d1rect10n ). In all deposits, grown
in dry, wet or spongy regime, the distributions of n are shown to have
a behaviour similar to that for the angle Y, while the distributions of
.2 always show max1ma for small angles, with Tno apparent dependence on
,the growth cond1t10ns . Two examples, correspondlng;to dry and wet
reg1mes are. glven in Fig., 1 and 2 respectively;'

A 31m11ar though less pronounced effect is shown by the c-axis
orlentatlon in natural halitones cut through their equatorial plane An .
1nterpretat10n of the phnomenon is proposed, relating the: d1fference.A
between the n and G'dlstrlbutlons to the body rotation about. a splnnlng
ax1s approx1mately normal to the airstream.- The fact that the d1fference
between the cons1dered distributions is less pronounced in- natural

ha11tones than in accreted cylinders 1s explaned as an effect of gyration

.,of the ha11tone rotatlon axis about the horizontal.

+ J.Rech.Atmos., 14(1980)333.
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* Laboratorlo FISBAT- CNR Bologna (Italla)

k. Servicio Meteoroldgico Nac1onal ]

II.14 7 Hyperfibe'bubble'strﬁcturee in ice groﬁn'by droplet

accretiont

s

F:Prodi* and L.Levi

The air bubble.dlstribution in iee grown by rapld freezing of euper-
'cooled water has been studied by Cartel), List and Agnewz) and Carras
and Macklind). It has been shown that the bubble size distribution de-
pends on the freezing rate and that, in sdme'eases, the ice takes a'

' layered structure, formed by succe551ve transparent and opaque fronts.

This "hyperphine a1r bubble structure" has been investigated in ac~

;‘,creted ice to derive 1nformat10n useful 1n 1nterpret1ng the growth

history of natural hailstones. Cyllndrlcal deposits have been grown
in an icing wind tunnel in dry, wet and spongy conditions, in a wide

range of air ( 27 QT < -10°C) and dep051t (-15<T, <0°C) temperatures,

at rotatlon rates of 0 25,1 and 4. 4 Hz. Spec1f1c agr bubbles features
-have been found, such as hyperphine fronts of various shape and charac-
teristice,‘fan-like structures, non-periodical variations of ice opacity
and protrusions of bubbly ice. The fronts which appear in dry regime
are isbchrondus'with growth and are equal in number to the rotations
performed by the accreting cylinders; thoee.in wet or spongy regimes
are more'Separated'and apparently independent of the number of rota-
tions; they presentvbubbles of larger size and, sometimes;.are inter-
rupted by .tiny radial segments of smaller bubbles The bubble fronte '
and the other features descrlbed have been 1nterpreted on the basis
of 31mple mechanism related to the accretion process. ,

' Most of tbe features observed in artificial accretions have also
been identified in several hailstones for: a given hailrall.~It is
shown.that tbese'features may help in interpretiﬁg the?internal

structure of hailstonesin combination with results of other analyses

- currently performed.

t J.Rech.Atmos., 14(1980)373. oo e
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* Laboratorio FISBAT-CNR, Bologﬂa (I;gliaj.. |

1y A.E.Carte, Proc.fhys.Soc., ZZK1961)737;’ -

2) R.List and T.A.Agnew, J.Atmos. Sci., 30(1973)1158.

3) J.N.Carras and W.C.Macklin, Quart. J.Roy.Mbteor.Soc. 101(1975)127.
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MBSSBAUER SPECTROSCOPY

al

IIT. 1 Influence of.a CuS0, Treatment on Atmospherlc Steel Rust

Formatlon. A Mbssbauer Spectroscopy Studyf o .:

C.Saragovi;Badler} l.A;Maier*.andfF.Labenskiu'

Low alloylSteel?corr0slon is .still. a not well known:field.;Particular' .
interest‘is'focused‘ongthe so-called weathering‘steels‘which show a remarf:
‘-kable resistance ‘to‘atmospheric corrosion once. a - stable rust is formed
speclally 1n SO2 -conta1n1ng atmospheresl) ' 4 .

Several: -analysis of alloying-elements dlstrlbutlons in. low alloy steels
rust‘show’ an- increase ‘in copper and chromiun-concentration at the metal- .
oxideinterfacels 2), through some:- authors report - a- homogeneous dlstrlbutlon
: concentration :

in the bulk rust with ‘increasingYof alloying elements around- pits and v01ds
of the-ox1de layer;~Accord1ngly, 1t‘was~supposed .that ' the presence of copper
and sulphate produces a change in the comp031t10n and/or morphology of the
corrosion’ products: of low" alloy steels ‘which:would be responsable of their
good corroslon res;stance. This :conclusion ‘was relnforced by results of ex-
perimentalkresearch oy the influence‘of.Cug+‘and.Sdi?; ions on the.formation
~of iron corr031on products3 M. } ' .

‘ Furthermore, studles.ofwsteel torrosion'products morphology detected’the
fofmation:of*two different layers when observed by refleCted polarized lightl).
In low alloy steels, exposed to the atmosphere for :more than a year, an in-
ternal optlcally active layer was d1st1ngulshed from an external opt1cally
act1ve layer whlle these two layers cont1nued mlxed in the rust of carbon
steels, even after several years exposure. It was, concluded that the 1nterna1
optlcally 1sotrop1c layer would be responsable for the weatherlng steels co-
rrosion rate decrease‘ : . o ' o L

In the presente work, ‘the 1n1t1al copper and sulphate contents on the
"surface of low alloy and 1010 steels was increased by immersing in a CuSOa‘
~ bath, By’ thls ‘méthod the: ‘copper- content 1ncrement at the metal-oxide inter-

face can be‘obtained earlier than:by”the*atmospheric weathering process.
‘The 1nf1uence of thls procedure on the. ‘weathering steel pat1na formation
could be ‘studied.’ Analysis  of ‘the so-treated carbon .stéel - ‘corrosion. products

would allow to determine if, at initial corrosidn stages, the effect of the.

copper deposited on the steel surface is comparable to that produced by
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copper as an alloying element in a weathering steel. The samples immersed
41n the CuSO4 bath were exposed along with low alloy .and 1010- steels blank
-Aspeclmens in an. urban-1ndustr1a1atmosphere.» ;

Mbssbauer spectroscopy was used for the analysis of the corroslon pro-

" ductsd), Thls technique can give more 1nformat1on compared with other con-
" ventional techn1ques due to the fact it 1s a very . suitable tool in the
study of crystall1ne or amorphous iron ox1des and hydrox1des 1n bulk and.
in ultrafine particles (< 100 A) ‘

Our results show that there is larger proport1on of a~FeOOH to Y-FeOOH
and a greater amount of amorphous compounds in the external rust layers
of weather1ng and 1010 steels. This fact is in accordance with the nodels
“proposed in &) and 7) for atmospher1c corros1on processes.

" The present work also demonstrates that a copper depos1t on low alloy
steel and carbon steel surfaces produces a change in their atmospherlc
rusts compos1t1on. the amorphous or gel—llke corros1on products present in
rusts of blank plates of both steels, dlsappears. '

.Eyentthough the effect of immersing the steel plates in aACusoa bath
can not be considered identical toé the effect produced by the copper en-
_richment at the metal-oxide interface'of a weathering‘steel exposed_to the
A'atmosphereﬁ our results suggest that copper would not favour the formation

of an amorphous protective layer on the metal surface.

+ Accepted_for publication in "Corrosion"

* CNEA, Divisidn Corrosionq | _

I) L. de Miranda, Rapports Tech. du Cebel Cor, RT222, 125(1974)1.
2) R;Bruno, A.Tamba, GLBombara, Corrosion, 29(1973)95.

3) T.Misawa,vK.Hashimoto, W.Suetaka and S.Shimodaira, Proc. 5th Int,
Congress on Met. Corrosion, NACE(1974)775,

) K. Inouye, K.Ichimura, K Kaneko, T. Ish1kawa, CorroaSc1. 16(1976)507
5‘) M.J. Graham and M.Cohen, Corros1on 32(1976)432

) W.Meisel, J. de Phy31que Cl, Suppl. N® 1, 41(1980) C1-63.

7y K.Barton, Protection Against Atmospheric Corros1on, publ. J Wlleys &
Sons, (1976) Chap 3.
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III 2 A Fe study .of ‘corrosion process in Chrome—Magne51te bricks

used 1n an arc furnace

“C.Puglisi*; ‘G.Saragovi-Badler and F.Labenski .

The Mﬁssbauer effect prov1des 1nformatlon concernlng the local sur-'
| roundlngs of the iron’ 1on in’ any material. ‘ ' SR
. This kind of 1nformat10n ¢an be useful in the study of corr031on'
mechanlsms in steelmaklng refractaries. o . _
In'the'present'research we are making‘a post-morten study of'Chrome;4
Magneslte br1cks wh1ch were uséd in a steelmaklng arc furnace; The'aim
of this work is to’ study which is the iron role in the. corr051on process.
*‘Chrome oresusually contain two const1tuents,'the chrome gra1n and a _
"gangue mineral (of the magnesium-silicate type). The chrome gra1ns
consist-of a SOlld solution of sp1ne1—compounds of the general formula _

In" chrome spinel the divalent ions are Mgz+ and Fe2+ and the

®50% | 3+ ¥ 3+
trivalent ions Al and Fe™ It should be noted that the term
chromlte refets to the sp1ne1 Fe Cr2 4 _
Samples ‘of: raw mater1a1 used 1n br1cks ‘manufacture form d1fferent
'factorles, chrome m1nerals, and attacked br1cks are belng analyzed at‘
Ldlfferent temperatures. o T N o
The exper1menta1 spectra obtalned up to now, ‘show peaks at the pa-'
ramagnetlc reglon only, for a11 ‘the measured temperatures. The 1ack of
',magnetlc structure p01nts out that 1nverse sp1ne1 structure 31m11ar to
that of magnetlte is absent The MBssbauer parameters correspondlng to’
‘the paramagnetlc reglon peaks 1nd1cate the presence of Fe2+ and Fe 3+ 4
" ions. The Fezf 1ons would be in different tetrahedral 51tes as well as.'
in the octahedral sites. The Fe3+ ions ‘would be present in the tetra— :
hedral and the octahedral s1tes. \""zt' ‘T ' i‘“ o

We 1ntend to pursue further stud1es of - Chrome—Magnesmte br1cks

using MYssbauer spectroscepy.

% INTI, Institute of Industrial Technoiogy,’Migueietes;.Argentina.
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I1I.3° Genesis«ﬁfsandstone—type Uranium deposits at Sierra Pintada

v Dlstrlct Mendoza, Argentlna A Mbssbauer study contr1but10n+

© p—

H B. N1colli* F. Labenskl, and c. Saragov1—Badler

Thevmain problems related to: the genesis‘of sandstone-typevuranium ,
deposits'at Sierra Pintada district, western Argentina, haVe'been studied,
in order ‘to show the validity of the genetlc model proposed. _‘

The control factors in the uranlum extractlon from 1ts sources, the o
uranium transport phenomena and the processes leadlng to the uranium
precipitation in the host rock have also been discussed!). The latter-
'depends on the distribution of the reduction agents, bacteria being»the
most’ important one. Bacteria development and act1v1ty are ma1nly regula~
‘ted by the co, partial pressure. )
~ As the different p1gments occurrlng in sandstone often reveal env1ron—
mental changes, its 1dent1f1cat10n is of great 1mportance to deflne the
ma1n phy51co—chem1cal characterlstlcs of the environment. As it is well
known iron ox1des are present in plgments. Taklng into account that '
Méssbauer spectroscopy has become a very useful tool in . the study of

iron mlneralsz), in the present 1nvest1gat10n this technlque was used
to 1dent1fy the different iron ox1des occurrlng 1n reddlsh reddlshfbrown
and reddlsh-v1olet coloured beds bearlng high uranium contents.

Slerra P1ntada, situated between 69° 65°W and 33 39° S, is a.3500 km
-geomorphological unlt,_a hilly strip with relatlvelyzsmooth relief
features - : - | ‘ ,- | . .

The Sierra Pintada uranium district is located in the Province of
Mendoza, 35 km west of the town of San Rafael, Argentlna. It con31sts
of several uranium deposits and many anomalles in a. 400 km2 area. Up to -
the present it is the pr1nc1pal uranium dlstrlct in Argentlna. Its
reserves are of the order of 16,000 ,000 tons of ore mineral of grades
varying from 0.70 to 1.187 U3 g

Samples measured using Mossbauer Spectroscopy have been d1v1ded in
four groups according to their common characteristics: '

First Group: Samples 219/49; ee39022 and 219/116
' According to Mgssbauer -spectroscopy results a m1neral of the chlorite

2+
series with the Fe ion in a distorted octahedral site and show1ng
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inhomogeneities has been identified. A very small ‘amount of‘Fe3+“is“3

present only in sample 219/116. Théseé samples correspond to beds of gray
sandstones withva small degree of alteration.-No contribution of uranium
bearlng solutlons was observed (low radiometry and U308 values)

Gecond group: Samples 219/77 and 219/94

Mossbauer spectroscopy parameters show also the ex1stence of minerals.
of the chlor1te series. The Fe2+ ion is in a d1storted octahedron and-
the am0unt of Fe3f»1on is somewhat greater than in the first group. -
Samples have been taken from grey to 011ve—grey coloured sandstone beds
with a small degree of alteration. No contr1but1on_of uranium'bearing
solutions were observed (low radiometry and,U308>values),
Third group: Samples ee39074 and 737/73 Y

As in the prev1ous mentloned groups minerals of the chlorite ser1es
are present but in th1s case the octahedral Fe2+ s1tes are very d1storted.

3+

In sample 737/78 y- Fe203 H20 is observed wh11e in ee39074 the Fe ion

could be adscr1bed to a chlorlte or to a y-Fe, O 0. These samples co-

273 HZ
rrespond to llght reddlsh or light reddish=brown sandstones wh1ch have -
been taken from altered beds where the occurrence of uranium ores was
verified. The corresponding radlometry and U,0 values are h1gh

%8
Fourth group Samples 219/64 and 219/102 '

In thlS case a m1neral of the chlor1te ser1es is observed agaln with
Tthe Fe2+ 1on in a dlstorted octahedral site. The Fe /Fe 'ratlos of the
‘chlorite point out that very 1mportant ox1dat10n took place. Furthermore
‘maghemlte (or hematlte) has been 1dent1f1ed These samples have been
taken from reddlsh coloured sandstone beds with h1gh degree of alteration
tln whlch the occurrence of uranlum ores was observed (hlgh to very: hlgh
radlometry and U,0, values. ‘ ‘ ‘ ‘

Thus 1t can be seen that in the samples of the f1rst two groups the

sole iron m1neral 1dent1f1ed belongs to the chlorite series (with the
Fez+ 51te dlstorted) and with a rather low Fe /Fe2+ ratlo. These results
are concurrent w1th the fact the m1nerals of the horlzons from wh1ch the
- samples were taken show a lower degree of alteratlons (weathering) and

no contrlbutlon of m1nera1121ng solutlons

On the other hand the samples from the last two groups show, in
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addition to the chlorites (with the Fe2+ site very distorted), the oc-
currencéiof;the_y varieties of ferric .oxides..These results are in
agreement with the fact that samples belong to horizons where the common
sandstone minerals have been altered,due to mineralizing solutions
flowing as a free aquifer through the sandstone with incipient degfee
of diagenesis. These solutions modified the Fe3f/Fe2+ ratio'{>i) due to
oxidation. In this environment, local reduction phenomena (biogenetic
activity) which cause uranium precipitation weré observed.
The'éxperimentél results confirm the hypothesis of the existence of
physico—chemicalvphenomena in the depositional environment which mainly

depend on the CO, partial pressure and which regulate the distribution

of the reductlonzagents in it, ) _

. Conséquently the biogenetic action (Bacteria development) was limited
to'the.u;anium host sanddétone only at the upper levels of the free
aquifer. There, the CO2 partial pressure is lower, facilitating the
bacteria developmént which produce a local reduction environment where
uranium ﬁineralé'precipitate; ‘
203.H20 (lepidocrocite) occurs since this
variety precipitates only at low value of CO2 partial pressure.

-At the same horizons, y-Fe

Lepidocrotite is unstable, and turns to maghemite which slowly
becomes ﬁématite Thus the occurrence of these ferrio oxides in the
depos1tlona1 env1ronment are c01nc1dent with the hlghest uranium
concentratlons. ' _ o

uSatlsfactory agreement was obtained between experimental data and
the gene%ic model for sandstone-type uranium.depoéits at Sierra

Pintada district.

t Submitted to "Chemlcal Geology
* Com1s1on Nac1onal de Investigaciones Espaciales, San Miguel, Pcia.Bs.As.

' 1y H.B.NlCOlll, M.A.Gamba, R.E.Ferreyra, 26th Internatlonal Geological
Congress (1980); Section N 13, Symposium 22 (13/0245)Paris(in press).

2) C.L. Herzenberg, D.L.Riley, Development in Applled Spectroscopy, (E L.
Grove, ed. Plenum Press) vol 8(1970)177. :
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THEORETICAL SOLID STATE PHYSICS

IV.1 Pseudo-spin formalism and the transition température of .

" potassium ferrocyanide trihydrate

V.Massidda and E.Anda*

Ferroelectrlc transitions due to an order-disorder’ pnocess in a’
double-well potentlal can be treated by the pseudo-spunformallsml) One
.of the most important quantltles the theory allows one to calculate is
the ‘transition temperature Tc’ which in the mean ~fie1d epptoximatieﬁ

satisfies ‘ »
ZQ/JO = tanh (Q/ZkBTc). ‘ =(1)

Here Q and JO are two parameters of the formalism: Q is approximately
equal to the energy difference between the first excited and the ground

‘levels, while

TR P AR ESEE K @
' (ll +> and |1,-> are the ground and the flrst exc1ted states, respec-—
tively, at ‘site 1) _— ' 4

If ZQ/Joll.eq.(l) has no solution for TC,.i,e. there is no phase:
- transition. On the other hand, if ZQ/J0<1 the transition can be either
of the soft-mode type (if 2Q/J 51) or of the relaxational type (if

' ZQ/J <<1). In the latter case eq.(l) reduces to’
T, ¥ 3,/ 4k, ' 4"?;: | : (3)'
.80 that the transition temperature ié independent of Q.A

We have.applied the pseudo-spin formalism to K4Fe(CN)6;3H20‘(potae;Lm
sium ferrocyanide trihydrate), using for the latter the model previous-
>ly introduced by oﬁe of esz). According to. this model, the "particles"A
underg01ng the order—dlsorder process are the water molecules and the
double well they see is due to their electrostatic 1nteract10ns with
the ions and with each other. The interactions V ij (eq. 2) are also of .
an electrostatic nature. In this way we are able to evaluate Jo and to
estimate the order of magnitude of Q. We find Q=10 4eV and J
= 0.083eV,se thaf ZQ/JO <<1. Therefore we find that the tran31tlon.

should be of the relaxational type, in agreement with previous
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authors3) ~and that TC should not be affected by'deuteratibn,Aas'in—
deed is the case”) .

Finally, from eq.(3) we obtain T =241 °K, in excellent agreement
with the experimental values (248.6 K and 255.1 °K for the ordinary

and deuterated material, respectively).

* Departamento de Fisicé Universidade Federal Fluminense, Niterdi, Brasil.
1) R.Blinc and B.Zeks, Adv. in Phys. 21(1972)693. ' '
2) y.Massidda, J.Phys. C11(1978)2865; see also CNEA NT-13/80, 1V.5.

3 I Savatlnova and E.Anachkova, Phys. Stat.Sol. (b)§3(1977)401.

) S Waku, K. Masuno and T.Tanska, J.Phys.Soc, Japan lé}1960)1698.

Iv.2 Identity relations for a certain type of lattice sums ‘

"V.Massidda

In a'preQious pape;l) an expression was found for tﬁe potential in. a
crystal made of point charges with 4 uniform néutralizing background,
shaped as a slab parallel to a given pair of crystél axes. Considering;
two siabs cut in different ways (parallel to the a and b or to the b
and ¢ akes respectivély) and ‘taking into account the dependence of the
potential on the crystal shape, one can write down an identity in the
fbllowing quantities: a, b, ¢ (lattice constants), a, 8, vy (crystal-
lographic angles), ja, jB and jc (fractional coordinates of the field
point)’. From the mathematical point of view, this identity is not
‘trivial beéause each side of it is not symmetricai in a, b and ¢, in

a, B and vy, nor in J and j

J
Now we have found a mZthematlcal proof of this 1dent1ty, showing
" that it actudlly is the sum of an infinite number of identities. The
‘latter too Have a physical meaning, since they represent the equality
of the values of the potential in two slabs of a "crystal" made of
stfaight lines parallel to fhe b direction bearing a sinusoidally véry—
ing éhérge'dgnsity,.The proof consists in' applying Cauchy's theorem of

residues to the function
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F(2) =:U(zj QG 3 2n1z) {Q[J Zﬂ{CU(z)+-1(£ 1z+ £ Pk ')}]
| +0n Sk 5 Zn{CU(z)-l(E 3 ')}]}
© where . : V,' - |
e =._e__.__.__
Q[‘—J’ f(Z)] - i _Téf—f(Z) s '
V(@) =22 cosy.z! 242’2
and - "cosd‘A"w
C=sr==" ‘
a 31ny

(for the meanlng of 6 ; 2 el and E 2 see ref 1)

The procedure can be generallzed for application to similar lattice
sums by ch0031ng'a different comblnatlon of Q-functions or a different

U(z).

1) V. Ma531dda and J A, Hernando, Phy31ca 101B(1980)159, see. also CNEA NT-
13/80 '

' " IV.3. Newton-Everett interpolation of continuous functions

- J.AHernando

.izInterpolatlon needs are deeply rooted in almost all branches of phy—'

251cs because of ‘the uncommonness. of analytlcal solutlons and the dis-
crete nature of phys1ca1 measurements .

‘ If the calculatlons we are d01ng are very t1me consumlng, it would
be convenlent to minimize these calculations and to 1nterpolate when-
ever it would be. p0531ble An 1mportant example is the solutlon of a
non—llnear 1ntegra1 equatlon such as those appearlng in the statistical
theory of lquIdSI) In such a case the first decision that must be
taken is which 1ntegratlon method to employ. Roughly speaklng, we have
two klnds of methods' 1) those in which the function to be 1ntegrated
is calculated in a set of points evenly spaced (Newton-Cotes ‘and
4Slmpson s methods are the most widely known), ii) those in whlch the
function to be integrated is calculated in a set of 1rratlonal abs-

cissas (e.g., Gauss and Tchebysheff's methods). Integration methods of
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the second group‘are, by‘far;'faster and:more,accurate than methods of
the first group. Therefore, it is clearly seen the convenience of
implementing‘them in any iterative.search of the solution tovthe in-
tegral equation. As a consequence,.it is crucial to have an interpola-
tionArOutine foE:evaluating the function to7he.integrated in the
irrational abscissas needed. This routine must be such as not to spoil
the advantages of these integration nethods. We have done an internoia~.’
tlon routine that employs the f1n1te dlfferences formulae of‘Newton
, and Everettz) o
The routlne is" de51gned to work w1th a contlnuous functlon deflned
“in an evenly spaced set of points. The. ma1n ‘purpose. is to do the cal-
culations in a qulck ‘and accurate form.. The calculatlon is d1v1ded
1nto‘two parts ‘ A . ' ‘ ) _
i) a calculatlon which depends exclus1ve1y on the p01nts where the '
functlon is. glven and on the accuracy requested
“ii)a calculatlon dependent on the p01nt where we want to. 1nterpolate.
The first calculatlons are done only once and then they are ava1— v
1able for the following calculatlons. In the program 1t is assumed
that the set of«p01nts where the functlon is. deflned 1s 1ess or equal
~ than 200. This ¢an be ea51ly changed
' If the functlon to be 1nterpolated has a pathologlcal behav10ur,
the results are strongly dependent on the 51ze of the separatlon bet-
' ween functlonal values, s0 spec1a1 care must be taken with this- p01nt
The average runnlng time depends on the quantrty of 1nterpolat10n '
'-points‘calculated} However,_itAcan betestimated to be ofAthe-crder

of 3 times the time needed for a double precision exponential.

1) J.P. Hansen and I.R. McDonald Theory of 31mple 11qu1ds Academlc Press,
“N.York (1976).

2y Z.Kopal, Numerical Analysis (Chapman andiHall,fLondon (1961);
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'u’ZIV.4f fInternal Flelds -and Antl—ferroelectrlc order1ng in- Fopper

’-Eormate tetrahydrate‘

.iJ.Hernando; V.Massidda anu P.K. de Perazzo

_ Copper formate tetrahydrate hereafter CFTH, is an ant1ferroelectr1c
'-crystal conta1n1ng water molecules in its structure. Its antlferro-para_
‘relectr1c phase trans1tlon is" due to the reorientation of the water
moleculesl) Exper1mental evidence 1nd1cates that the motion involved
in the mechanlsm of transformat1on is riot due to tunne11ng or hopp1ng ‘
_of protons along the bondsz). The involved hydrogen bonds are rather
B weak, as suggested hyutheir length'(Z.S Z)('Finally; the critical tem-
:perature is“veryvlittle affected by deuteration. All‘these features are
shared w1th pota331um ferrocyan1de tr1hydrate, recently stud1edby'one
of us3) ' ‘
- Cont1nu1ng on thls line, we are applylng the electrostatic model
of ref. 3. to CFTH The electrostatlc f1e1d at the water molecule sites
" and’ the Lorentz factor between the water molecules sublattices were
calculated w1th PLATSUM2 program (see next report) The nextstepwdill
“be to flnd the or1entat10n of the water molecules in the antiferroelec-
tr1c phase byvm1n1m121ng their electrostatlc energy. This minimization

" will give-the zero temperature configuration of.the crystal.

1 N. Buréer“am&H'Fuess, Ferroelectrics 22(1979) 847,
2 M.Kay, Ferroelectrlcs 9(1975)171.
3) v Massidda; J. Phys. C11(1978)2865, see also CNEA NT-13/80, IV.5

IV 5 PLATSUMZ : an 1mprovement of the program PLATTSUM for

evaluatlng 1att1ce sums

J A Hernando and V.Ma531dda‘

aThe Fortran program PLATTSUMI) evaluates electrostatlc lattice sums
(e. B. the electrlc fleld of a p01nt—mult1pole lattlce) for a given

fleld point and a plven sublattlce of source p01nts. In practice, one
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often needs the electrostat1c quantltles at several (N ) fleld points, -
in a- crystal whose unit cell contains several (N ) sublattlces. In such
a case the PLATTSUM user must enter NINZ data sets. However, .all the
. needed information is contalned 1n _the coordinates of the field points
.and the source p01nts (N +N ) For instance, in our calculation with a
"rather s1mple crystal such as copper formate tetrahydrate (see preced1ng
report) we have N =16 N2-44, so_that”the.dlfference between NINZ and
N1+N2 is cons1derable. , A o
~ We have 1ntroduced a mod1f1cat1on in the way the program processes
the data set before’ startlng the actual calculatlons._In the new version
| the user”enters'the‘minlmal data Set'(Ni+N2 coordinates) and directs.'
'pthe program tosevaluate the required quantities created‘hy the stource _
p01nts at the desired N1 f1eld p01nts.A
As the output contalns the electrostatlc quant1t1es correspondlng to
1 2 p01nts ‘'we have added an opt1ona1 output channel In thls channel
the results are tabulated in such a way as to be used as the 1nput of

another program_w1thout the need of further,man1pulat1on by the user.

1) J.A. Hernando and V.Massidda," Comp.Phys Commun. 22(1981)13,,see also
Progress Report CNEA NT- 13/80 Vs . -

" 1v.6 - Calculation of: the internal field and its gradient in-
Cs, (ICNO) 4

.J;A.Hernando and V.Massidda

The ihterpretatioa of‘the experimental results of Nuclear Quadrupole
'Resoﬁaace requires,theyknowledge‘of the electric field gradient created
by the 1attice'chargeshofnthe crystal at the sites of the resohantnuclei.
At the request of Dr. J. Murglch* we have evaluated ‘the electric f1e1d
and its gradlent at the nitrogen sites in Cs (TCNQ) due to the charges
of the Cs ions and of the atoms of the TCNQ molecules. For the latter
we have used the results of several authors *2) referred to TTF—TCNQ

and TMPD—TCNQ. The calculatlon was - performed using the program PLATSUM2
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» (see precedlng report) o

. Accordlng to the first: results, the contr1but10n of the lattice is at
least one order of magnltude smallexr than the’ experlmental value. This
-is perhaps due . to the fact -that our calculatlon does not include the
overlap and exchange contrlbutlons of . the nearest atoms. This workwill -
be contlnued 1n close collaboratlon w1th Dr. Murgich, with whom we w111 '

RS

dlscuss several unsettled polnts of the above calculatlon.

* Centro de Qu1m1ca, IVIC Caracas, Venezuela.

»1) A J.Epstein, N. 0 L1par1 D.J. .Sandman and P Nlelsen, Phys Rev. Bl13
(1976)1569 ’ ,

%) R.M. Metzger 3. Chem Phys 74(‘1981)‘3_458.

hIV,7:L'Effects'of'the lattice size and the symmetry of the'

L renormallzatlon transformatlon in the determlnatlon of

cr1t1cal 1nd1ces

S.D'Elia and H.Ceva

The' Monte Carlo Renormallzatlon Group (MCRG) method!) is used to study
":the behavior of a two dimensional spln lattice in the ferromagnetlc and
~tricritical fixed points.
Elgth spln 1nteract10ns are considered: nearest neighbor (coupling
,constant K, ), second neighbor (K ), three and four spin coupllngs (K and
K ), as well as a uniform magnetlc field (K ). Moreover there are three
staggered.lnteractlons. second nelghbor (K3), magnetic field (K6) and
: _three spin‘(Kg); These are. all the interactions that can be fitted in a
2x2 lattice. ’ ' _

We studled ‘three- kinds of renormallzatlon transformations:
(i) a transformatlon originally used by Nlenhuls et al?)
(ii) a transformatlon called NN, . used by Nauenberg and N1enhu133)
(111) a transformatlon 1llustrated in F1g 1. We show a 10x 10 lattice with |
4 rows and 4 columns added to 1mplement perlodlc boundary conditions. Each

'wh1te (black) renormallzed sp1n 'is obtained by adding the 25 whlte(black)

spins 1ncluded in each tilted square.
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In all cases, the renormalization transforms a NxN into a 2 x2

lattlce.

Case (1) does not conserve the symmetry of the or1g1nal lattlce,

this shows up in our study

as an 1ncreasmg deterlo- O 0 O 10 ,Q 0 O 0 (o] A O 0 O @
8 . \ p - .
ratlon of the cr1t1cal o O . o e 0\ ' O ./ o .\0 ® O .
1nd1ces as N increases " adihd ‘\‘l . © 6o e
(i.e. a behavior opposite ceoe o ‘O\». ® O \..\O
o ’ ) . O ': 4 ) ) N
to the one expected apriori)." \. o e O .\\o 3;/’\0 ce O/’.
] R ‘o ® 0 @ O e e 0 ® 0 @0
Transformation NN has no . Ck\ RN )(. 5 N
Co . F ) . L4 O\/. o .\/ .\/o O\/.o e
.symmetry problems in the AN x\ Sy P S
o . O8O0 @0 e o0ce o &0 0
f tic fixed point; I N4 > Ny :
erromagne ic fixe polnt, oS oee -,O' o O o e \O\ ®
. . ) 24 \ - . \\
in this case all staggered O e O . o e o :. ® 000
. - N . \ 7 CL 4
1nteract1ons are set equal. o0 @ ‘02 PY \O\ o 0 ced e
and both K, and ‘o0 o
to zero, and both K, an 0O 0 e 0eo0
- 7 .
K, are positive. Van Leewwen O @ o .\ o . O Py Q Py ,O' ® O @ -
has pointed out that it is @ O @ O \.’ oOeoe d ® O e O.

not approprlate to study .
the tr1cr1t1cal fixed pomt with this transformatlon. We obtained very
~good ferromegnetlc indices 'in the case of the- transformation 18 x 18 -+
2x2. o | o

Results of the th1rd transformatlon both for the critical and tri-
cr1t1cal po:.nts are good :
10x10

and 18x18. Calculatlonsare made in the final (2x2) 1att1ce in two

" The 51ze of ‘the 1n1t1al lattlce was taken ‘to be 4x4 6x6
forms: using MCRG, and by considering all its configurations (i.e. this
is an ‘exact result). ’When both calculations are equal, -the set {K} co-
rresponds to a f1xed point. o
' All cases show lattice size effects, in' (ii) and (iii) the calcula-

ted indices improve with increasing lattice size.

1) R.Swendsen, Phys.Rev. B20(1979)2080. .
2y. B. N1enhu1s, A. Sudbo and E. Hauge, Phy51ca 92A(1978)222
3) N.Nauenberg and B.N1enhu1s, Phys,Rev.Letters 33(1974)944.
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"1IV.8. Mixed-Valence in a single impurity: influence of the

! . central .potentialt

““LiM.Falicovkand H.Ceva

’ Tﬁisfwdfk le'concerned‘with the problem of characterizing the con-
ditions under which a rare earth 1mpur1ty (R.E:). in an otherwise normal
substance will show 1ntermed1ate valence (I v. ) behav1or Spec1f1cally,.

‘we assess the 1mportance of the Coulomb 1nteract1on between the f-
electrons of the R. E._and the matrix. This is done by comparlng two
'31tuatlons one in wh1ch there 1s, and one in which there is no Coulomb
'1nteractlon.. . .

The impurity is represented as a system w1th two conf1gurat10ns,[D1>
'and |D2> with energles E1 and E (when the R.E. atom is in D1 it has

f—electrons, in D2 it has n—l f—electrons,-and one d-electron more
than D )- 7v*‘;'"f ' Both conflguratlons hybrldlze with the conduct1on
band of the host, with strengths Vs V ;

The case:- w1th no Coulomb 1nteractlon 'is the simplest: the system
cons1sts of the states ID > and the band states k>, with den31ty of

1/

states E" Hence ‘the ground state can be written as
ly>=0d|D >.+—S~|D‘> + I y(k) |K >

where the sum extends over the first Brillouin zone. o

If u hx/Bl 1, we define R= uz. If u<l, then Rf-l/u . A state will
" be called an I.V. state if 1.g Rg10. o ‘

- To include Coulomb.interactions-is more complicated. If the host is
a metal, the situation'is'very involved because the f electron which
"moves" back and forth between the impurity and the band is screened
by‘the conductionlelectrons. Thus, it is atime—dependent many-body pro-
blem.. ‘ We considered the case of a semiconductor, where the effect of
Coulomb‘interactions'is}to‘introdUCe a set of hydrogen-like levels _
characteristic of the electron-hole pair produced when the f electron
of the R.E. is promoted to the conduction band, leaving-a hole in the
impurity. This. scheme.is: further simplified by noting that the hybridi-
‘zation between the hydrogen-like states and the original states D, is

important only near the R.E..atom. Thus we assume that the‘lls> state
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determlnes the main characterlstlcs of the'problem, and therefore re-
place the semlconductor—plus—1mpur1ty by a three states system' ,D1>
|D2> and |1s>, with El'--(m/m )6,2 13.6 eV where € is the d1e1ectr1c

_constant, m the effective mass and m, | the electronic mass. The state
|D > mix with strength V with the state [18>

The ground state in thls case is
|\y >=.a[.D>+e|‘D>+rlls>

. The change ‘in the coeff1c1ent R (see figure) is taken as a meassure
of the incidence of the
Coulomb interactions in the 4
I.V. problem. Information A
about the ground state as a o V2204
function of the parameters, . -
El;'EZ, Vl’ V2 has been
obtained, and serves the pur=:
pose of characterizing the

I.V. state. - o o Sr

V.9 'Charge transfer in structurally disordered systems

N.V.Cohan and M.Weissmann : .

‘In this paper we study the charge distribution in systems with struc-' -
tural disorder, both in the case of 1dent1ca1 atoms and of alloys Recent

caICulatlons ’2) have shown that .even dlsordered systems of 1dent1ca1
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atoms the étOmé-acquire»différent'charges due to the differences in the
fields arouﬁd'them; Thus “a charge~distribution n{(Q) can be'defined;that
'givesftheunumbEt of atoms with'charges between Q and Q+dQ. Because the
atoms havé chéfgesanSdciated to them there is an electrostatic inter-
action. among them which, we believe, will contribute to determine the
optiﬁum atomic configuration and' charge distribution, In the present
‘work we ‘study this effect starting from a totally random distribution
- of atoms, we then calculate the corresponding charges on the atoms and
subsequeptly relax fhe system by éhanging the atomic positions by an
. amqunt'bfoportibﬁal to the electrostatic force on each atom. The most.
- noticeable result is a'considerable narrowing of n(Q).
When there is more than one type of atom, as in binary ordered
ailoys, there isvusually a charge ;ransfef form one tybe of atom to
the other. If the alloys are disordered with either cbmpositioﬁal or
structural disorder (liquid and amorphous alloys) then the charge
_transfer_obtéined is not unique but our results show that there is a
charge dis;fibution for each type of atom. We also show that the effect
of having two different atomic sizes in a random system leads to an
electronic charge ;raﬁsfgr towards the. larger atoms. The differences
in ionization poténtials obvipuély produce chafge transfers to the
-atoms with higher'ionization‘potentials. Thus dependinig. on the parti-
cular.alloy, ﬁhese two effects can produce charge transfers in the

same or in opposite directions.

') L.Guttman, W.Y.Ching and J.Rath, Phys.Rev. Letters, 44(1980)1513.

2) N.V.Cohan and'M.Wéissmann,.J.Phys. C:Solid State Physics 12(1979)
1835, . ' . .

-IV.IO-»Chemisorption«afioné on metallic surfaces

M.WeiéSmann and N.V.Cohan

We are beginning to study specific ionic adsorption of some simple

- negative .and positive ions on metal surfaces used in electrochemistry.
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Ionic adsorption of negative ions.on the different surfaces of Ag has_

1, We. intend to’

_been. studied eéxperimentally in electrolytic soluticns
calculate ‘the charge transfer- and the chemisorption energy as a func~ .
_tion of the distance to the surface. Some prel1m1nary calculat1onsw1th
the.1terat1ve.extended~HUcke1 method2 show that F is adsorbed,at short—
er distance than LiT and that its adsorption'energy'as'a functiontcf" _
distance drops to zero much' faster, At the optimum dlstance of adsorp—
tion F has transferred about-0.5e to the metal while L1 has acquired

about the same electronic charge.

- 1y R.Parsons, Surf. Sci 101 (1980) 316. A ,
2) N.V.Cohan and M. Weissmann, J.Phys.C: Solid ‘State Physics. 12(1979)1835.

IV.11 On the free energy of disordered alloys'and the moment of -
the density of states ' ' '

A.M.Llois and -N.V.Cohan

~Using.a variational method!) wevhave calculated upper and lqwer bounds -

for the Helmholtz‘free'energyi?ofa 1D tight-binding disordered alloy of
‘the type Ay Bj_x as a function of temperature, concentration and the
number of exact moments of the ‘density of states n(E) 2). We have shown
that the average of the upper and lower bounds calculated with very few
. exact moments is an excellent approximation to F. We have also obtained
F using three different approximatiors to the exact density of states,
which give similar values for the free energy F, and have shown that these
- values lie within the bounds of F that correspond tolconsiderably‘higher
number of exact moments than those provided by the approxination used for
n(E). 4 _

- In the table we show the res'ulta for F~ cbtained using the three ap—
proximate methods for thie obtention of n(E) and its upper and lower
bounds for X =0.3and some valuesof kT. Fg ‘is calculated with n(E) obtalned
using- the method of prolongation by pseudoatoms3) with 5 exact moments.

For the calculation Of«FAB’ n(E) is approx1mated by the method of
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- prolongation .with atoms of type A and BY%) and has 8 exact‘momentsﬂFk
" (k= 2,3,4) is -calculated using a dehsity of states obtained by a

" single continued fraction-expansion where aj, ag...ag, b were:obtai-
:ned from the first 2k exact moments of the alloy density of states.

FN
u

moments of n(E). W is the bandwidth.

5 F% denote upper and lbwer bounds to F, respectively; taking N exact

TABLE .

Ky 1/40 - 1/8
Fe - 2,23 230139

g 0 -72.220 : - 3.138
Fp - -2.,235 o= 3:139
Fy 4 - 2,227 - 3.138
F, ' - 2.228 - 3.138
F5 - 2.082 = 3.1255

F} - 2.364 - --3.1579
F) . - 2.188 - 3.1375
F% - - 2.266 - 3.1385
A - 2.214 - 3.13789
. : 4 . - .
Fi3 - | - 2,242 - 3.13792

1)A..Trias, R..Ramirez and M.Kiwi, Phys. Rev. B15(1979)5877. |

2)A.M.Llois. and N.V.Cohan, J.Phys.C: Solid State Phys. 13(1980)L1027.
3)M.Weiséménn and N.V.Cohan, J.Phys. C:Solid State Phys. 2}1976)473.
“)N.V.Cohan and M.Weissmann, J.Phys.C:Solid State Phys. 10(1977)383.
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K/Ar dating of some rocks from Marguerlte B;y Argentine

Antarctic Sector

R.0.Toubes

The gneisses from San_Mertin Island, hdmonymous,Argentine'Antarctic
Baee:si;e ;nfthe Debenhan Group, and several other rocks from the near
Millerandrlslend in the Marguerite Bay, Antarctic Peninsula, Argentine
" Antarctic Sector,.were dated.

The results are:

gneiss - San Martin Island - 25 + . S5m.a.
rhyodac1t1c tuff - Millerand Island 108 + .10m.a.
lamprophyre , " " 113 + 10m.a.
alkaline granite " .o 114 + 10m.a.
gneiss - San Martin Island - 116 * 10m.a.
.rhyodacitic tuff - Millerand Island 126't 5m.a.
~andesite -+ 141 * 10m.a.
.gneiss -~ San Martin Island 465 *+ 50m.a.

The first result is discarded .and the other results are discussed and
compared with data obtained by other authors:

Petrographis descrlptlons are included.

K4

Geology of Bertrab munatak. Argentine Antarctic Sector

R.0.Toubes

. An ekpeditive topegraphic—geology study of ﬁertrab munatak, Argentine
Antafctic Sector, has been done. It is located at 77°445 South and 34°48'
West, This work was made as a special collabofation with the Antarctic
Department of the Army High Command, trough the Argentine Antarctic Ins-
titute on the ocassion of the foundation of General Belgrano 11 Army Base.

Because of the very difficult access, previous works have been 11m1ted.
The munatak is an outcrop of medium grained reddish gray granite, in-

trudded by conspicuous niolitic porfiry and spessartlte veins over fault



ﬁlahé,_fbgether with numerous'quaerjvéinlets fo:ming,ﬁscasionally,
amethyst druses. - h

All the rocks part1Cu1ar1y the granlte, show a strong 301nt1ng in
two principal sets parallel to the veins. - '

The rocks age was not’ determlned due’ to the generallzed weatherlng
‘but taking into account the dating of nelghborlng rocks (munataks

_Mbltke and Littlewood) they should belong to the Precambrlan.



Solar Energy






o d.1
« . ..., - . - SOLAR ENERGY

I.1 Experimental and theoretical studies of concentrator systems

Solar Energy:Applications Group*

- The final .aim of ‘the program has been ajusted to heat fluids-.to .150-
350°C using'solar«radiationZconcentrators,:in-order,to_pfovide industrial. ..
process heat and. generate steam able.to-drive’turbogenérétors.

-+ The two—diménsional optical analysis of-cylindrical concentrators valid
for any aﬁgle‘bf in¢idence of the solar rays, developed earlier in the
".group, was generalized to non-ideal concentrators, WHich allows to take
into -account the possible errors in all of the significant‘conéentrator»u
parameters. This eXtended‘analysis was used to select the optimal -para-. .
meters of a fixed-faceted-mirror solér-concentfator.(FFMSC) and to de-
termine its construcfion tolerances.'With these data, tﬁe construction
of an "FFMSC.indust;ial prototype' has been analyzed in detail, both
,tehhnically and ecohomically, folldwing the lines of'a'Ffench désigh
based on the usé of about lmlong blocks mounted on two concrete ribbons.
As far as the two existing 'FFMSC laBoratory prototypes" afe concerned,
several modifications were introduced in,order-to-improve the behavior of
the complete system and preliminary meééurements40f the efficiency have. .
:been“pérforméd.
. The compérative analysis of several storage systems appropriate to
‘be used in combination with the:conqentrator systems being dévelopedhas
been started, under contfact, by'the‘Dépértment of AppliediChemistrY‘ofn .
the Cohsejo de InVestigacidnes Cientificas y Técnicas de las Fuerzas Ar-

madas - (Council of Technical and Scientific Research of the Armed Forces).

- I.,2 Low temperature thermal applications

Solar Energy Applications Group#

A l4-m? flat-plate solar collectors system to heat the water for the
personnel showers at the Special Alloys Plant of the Atomic Energy Com-
mission has been designed and its contruction has been supervigsed. The

suppliers for the collectors were asked to submit efficiency curves for

* Work is pefformed by agreement between the Department of Physics and the
Department of Prospective and Special Studies, following programs spon-
sored and controlled by the latter.
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their products (measured according toAinterﬁational standards), a‘requirement
_not previousiy placed in Argentina, The system works on natural circulation
~and uses double glassed collectors.

The first stage of a contract with the Emprésa Pfovincial de Energia de
Cérdoba (Energy Board of the Province of Cardéba) has been completed, It co-
vered the technical assistance this,institution required in the solar energy
application and energy conservation fiéldé during the implementationAof an
architectural design competition for its 2.000 m2 admiqistrativé buildiﬁg to’
be erected in Villa Carlos Paz. The building will haveéspecial inéulating,re-
quiremenfs and warm water, heating and cooling will largely be supplied by
‘solar energy cque;sigp systems . The work has been performed with the colla-
‘boration of ﬁemﬁéré:of‘the Comisidén Nacional de Investigaciones Espaciales
'(Space Research Commission) and of the Instituto Nacional de tecnologia In-

dustrial (Institute of Industrial Technology).

I.3 Photovoltaics

Solar Energy Applications Group*

A small fraction of the Division's effort has been devoted to start
theoretical studies in solid state physics oriented to semiconductors, in
order to provide an appropriate basis for future theoretical studies in

‘photovoltaics.
The up-dating of an evaluation of the state of the art in photovoltaics,

performed by the group in 1976, has,béen started,
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A.0. Macchlavelll, G Marti, C. G1menez, J Laffranch1 and M. Behar’

) Annual Meetlgg_of the Materials Research Soc1ety, Boston, Mass.,USAl
November 16-21, 1980 . . .
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