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E d i t o r ' s Note 

This progress "Report on nuclear data r e s e a r c h in Poland /May 1978 

- April 1978/ contains only information on r e s e a r c h , which i s c lose ly 

related to the act ivi t ies of the International Data Commitee of the I n t e r -

national Atomic Energy Agency in the field of charged part ic les and neu-

tron phys ics . It does not include any information about other nuclear 

r e s e a r c h as for example the use of neutrons for solid state physics 

studies. 

The individual reports are not intended to be complete o r formal, 

and must not be quoted in publications without the permission of the 

authors . 

.1 
Uwagi od wydawc}' 

Raport ten zawiera informacje o badaniach w zakres ie fizyki jqdro-

wej srednich energi i przeprowadzonych w P o l s c e /maj 1977 - kwiecien 

1978/ i zwiq.zan.ych z dzialalnosciq. Komitetu Danych Jq.drowych Mi^dzy-

narodowej Agencj i E n e r g i i Atomowej. 

Pomini^to wyniki badan w innych dziedzinach fizyki jqdrowej , w tym 

rowniez badan w zakres ie fizyki c ia la stalego przy uzyciu neutronow . 

Poszczegolne prace zawierajq. wstt^pne omowienie wynikow badan nie 

wyczerpujq.ce poruszanych tematow i nie powinny bye cytowane bez 

zgody autorow. 

3 a M e ^ a H H f i O T p e j s a K m r a 

3 T O T cdopHHK coflepjKHT coodm,eHi'iH 0 nposeffeHHHx B IIojiLiiie 

B N e p i l o g O T Man 1977 FLO anpejin 1978 N C C - N E S O B A H E H X B odjiac-

TI'I $ H 3 H K H CpeflKIlX 3 H e p r H H , C B H 3 a H H H X C a e H T e j r b H O C T H O ' K O M E -

T e T a n o tf^EPMIM JISJIHHM M e a m y H a p o s H o r o A r e H C T B a ATOMHOM 

SHeprina. H e BKJOKraeHH pe3yjn>TaTH H c c j i e ^ o B a H H H c o d J i a c . T I I 

n p r n t e H e m i H HeHTponoB B $H3ince TBep^oro Tejia* Rowiam He 

H B J I H I O T C H N O J I N H M H H H e P E K O M E I I F L Y E T C H C C H J I A T B C N H a H I I X d e 3 

corjiacHa aBTopoB. 
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ANGULAR DISTRIBUTIONS OF ALPHA PARTICDES 

FROM U N ( n , o C ) n B REACTION AT 1 2 . 2 MeV 

S .Burzynski , K .Rusek , W.Smolec , I . M .Turkiewicz, 

J .Turkiewicz and P.Zuprariski 

Institute of Nuclear Research , Dept. of Nuclear Reactions 

Warsaw 

1 I X 

Angular distribution of the alpha part ic les emitted in the N(n,o£) B 

reaction was measured by I'egistration of alphas with a telescopic system 

f l j . 1 2 . 2 MeV neutrons from reaction were obtained using 

the 2 MeV deuteron beam from Van de Graaff a c c e l e r a t o r . The thickness 

of the melamine Cc^HgN^) target amounted to 1 . 1 mg/cm^. The three-

-dimentional analysis of each event recorded in the telescope was p e r -

formed with Nuclear Data 4420 multiparameter system. In the alpha p a r -

t icle spectra the groups corresponding to the ground oCq) and the 

f i rs t ( excited states of the ^ B nucleus could be distinguished. 

F i g . l and F i g . 2 present the angular distributions of these alpha par t i c -

l e s . The numerical data are presented in Table I and Table I I . The data :_-.. 

are given in the c . m . system. The angular spreads were calculated with 

a Monte Carlo method DiJ. The indicated e r r o r s are statistical only. 

R E F E R E N C E S 

1 . S .Burzydski , W.Smolec , I .M . Turkiewicz, J .Turkiewicz , P . Z u p -

ranski , K .Rusek , Nukleonika XV1I1, 1973, 603 , 

2 . L .Zemlo , Inst , of Nucl. Reseai^ch, Report 1464/l/PL/B. 
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c 
TABLE 1 

E = 1 2 . 2 MeV n 
U N(n,< O n B 

&6/&SL A ( d e / d t S l ) 

[deg] [ d e g ] [mb / sr ] [mb/ sr] -

8 . 3 5 . 0 0 . 8 5 0 . 1 6 

2 4 . 5 5 . 0 1 . 5 0 C.30 

3 6 . 0 4 . 5 1 . 5 0 0 . 2 0 

4 6 . 6 4 . 0 1 . 5 0 0 . 3 0 

6 8 . 4 3 . 5 0 . 9 0 0 . 3 0 

7 8 . 8 3 . 5 1 . 1 0 0 . 5 0 

8 9 . 4 3 . 0 1 . 3 0 0 . 3 0 

1 0 9 . 3 3 . 0 ' 1 . 9 0 0 . 3 0 

1 1 8 . 8 3 . 0 1 . 0 0 0 . 3 0 

128 .1 2 . 5 1 . 6 0 0 . 9 6 

1 4 6 . 0 2 . 5 0 . 8 0 1 . 3 0 
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TABLE 11 

E = n 1 2 . 2 MeV • 1 4 N ( n , < ) U B 

& 
Cdegl 

A ^ 

Cdegl 

de/aa 
Tmb/ sr l 

Ĉda/diS.) 
[mb/ sr] 

9 . 0 5 . 0 1 . 6 0 0 . 2 0 

2 4 . 7 5 . 0 1 . 4 0 0 . 3 0 

3 6 . 0 4 . 5 1.00 0 . 1 5 

4 7 . 2 4 : 5 0 . 6 0 0 . 2 3 

6 9 . 3 3 . 7 0 . 3 4 0 . 1 7 

7 9 . 8 3 . 7 0 . 4 0 0 . 3 0 

9 0 . 4 3 . 3 0 . 5 7 0 . 1 9 

1 1 0 . 3 3 . 0 0.00 1 . 7 0 ; 

120 .0 3 . 0 0 . 6 0 1 . 3 0 ' 

1 2 8 . 0 2 . 5 0.00 2 . 2 0 

1 4 6 . 7 2 . 5 4 . 5 0 2 . 3 0 
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ANGULAR DISTRIBUTIONS OF ALPHA P A R T I C L E S FROM THE 
U 3 N d ( n , o C ) U 0 C e REACTION INDUCED BY 14 .1 AND 1 8 . 2 MeV 

NEUTRONS 

* - x 

W. Augustyniak, L .Glowacka, M.Jaskola , Le Van. Khoi , 

J .Turkiewicz, L . Zemlo 

Institute of Nuclear Research , Dept. of Nuclear Reactions,Warsaw 

Angular distributions of oC -part ic les emitted in the Nd(n ,oC} Ce 

reaction at En = 14 .1 and 1 8 . 2 MeV were measured by direct registration 

of oC -par t i c les . The experimental arrangement used in the measurements 

was described in our e a r l i e r work [il 
The neutrons y/ere obtained from 

the H(d, n) He reaction with deuterons accelerated up to 2 MeV in the 

Van de Graaff acce lera tor " L E C H " . The neutron energy was selected by 

a suitable choice of the emission angle. The neutron energy spreads due 3 

to the.deuteron energy loss in the H-Ti target and geometrical conditions 

were 120 and 140 keV for 14 .1 and 18 .2 MeV neutrons, respectively. The 

neutron flux A âs measxired by counting the recoi l protons fr̂ om a thin poly-

ethylene foi l . The recoi l protons were registered in a thin C slCTl) scinti l -
r la tor followed by photomultiplier and standard e lec t ronics . The absolute 

calibration of the neutron monitor was performed by measuring the 847 keV 
5 6 56 5 6 ^ -transition in F e produced in Fe(n.,p) Mn reaction with successive 

J& -decay of ^ M n . The c r o s s sections for the ^Fe(n ,p)~^Mn reaction 

were taken as 110 mb and 57 mb for neutron energies 14 .1 and 1 8 . 2 MeV 

re spectively [2] . Uncertainty of the monitor calibration amounts to about 

1 5 % . 

X-/ on leave from University of Hanoi, Vietnam 
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The investigated targets were made of neodymium oxide enriched 
143 2 in Nd to about 88.4- %. The Nd^O^ l a y e r s of about 2 . 5 mg/cm 

( e ^ = 14-.1 M e v ) and 3 . 3 nig/cm ( e ^ = 1 8 . 2 Mev) were deposited 

onto thick carbon backings by means of sedimentation from suspensions 

in i.sopropyl alcohol . 

. The energy cal ibrat ion of the alpha spectrometer was performed 

with employment of alphas from ThC and TfeC ' and from the react ion 
28 25 

Si(n,oC) Mg produced in the silicon detector by the incident neu-

t r o n s . 

The angular distributions of - p a r t i c l e s emitted in the 

Nd(n, oC) Ce react ion at 14-. 1 and 1 8 . 2 MeV neutrons are p r e s e n -

ted in tables 1 and 2 . These distributions contain all oC - p a r t i c l e s 

with energies corresponding the excitation of the final nucleus up to 

5 . 5 MeV. In the bottom of the tables the angular spreads of the meas -

urements are also shown. These spreads were calculated by Monte-Car lo 

method 3~1 • The e r r o r s indicated in the tables are only s ta t i s t i ca l . 

R E F E R E N C E S 

1 . M . J a s k o l a , J .Turkiewicz , L . Z e m l o , W.Osakiewicz , Acta P h y s . 

P o l . , B2_/1971/ 521, . 

2 . D . C . S a n t r y , J . B u t l e r , Can. J . P h y s . , 42/1964/ 1030, 

3 . L . Z e m l o , 1NR Report , 1464/I/PL/B /1973/. 



T A B L E I 

Angular distribution of oC -part ic les for Nd(ji,oC) Ce 

reaction at E = 1 4 . 1 MeV n 

ft < 
dQ/dSl 

[jnb/ s i } 

26 0 . 9 0 t 0 . 0 5 

46 0 . 5 6 - 0 . 0 6 

63 0 . 3 4 - 0 . 0 4 

90 0 . 0 3 - 0 . 0 4 

117 . 0 . 0 5 ^ 0 . 0 5 

135 0 . 0 0 - 0 . 0 6 

156 0.0 5 - 0 . 0 8 • 
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T A B L E II /continued/ 

-1 / Q -I /A 
Angular distribution of OC -particle^ for Nd(n,oO Ce 

reaction at E = 1 8 . 2 MeV n 

fr [deg] 
[mb/ s r j 

27 1 . 4 2 t 0 . 0 4 

46 0 . 5 5 - 0 . 0 6 

63 0 . 4 7 0 . 0 6 

90 0 . 0 0 + 0 . 0 6 

117 • 0 . 0 0 + 0 . 0 7 

135 0 . 0 4 -- 0 . 0 8 

156 0 . 1 0 t 0 . 0 6 
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DIFFERENTIAL C R O S S SECTIONS FOR THE (n,0C) REACTIONS 

INDUCED BY F A S T NEUTRONS IN 1 4 9 S m and U 3 NUCLEI 

W. Augustyniak, L.Glowacka, M.Jaskola , J .Turkiewicz, L . Zemlo 

Institute of Nuclear Research , Dept. of Nuclear Reactions, Warsaw 

Using semiconductor oC -part ic les spectrometer the energy 

distribution of o £ - p a r t i c l e s from the ^ 9 Sm(n,oC) "'"^Nd and the 
U 3Nd(n,o£) U ° C e reactions at E = 12 .27 - 0 . 0 5 MeV and 

n 

E = 14-.05 - 0 . 0 6 MeVj respectively, have been measured. The neu-
n 

trons were obtained in the Van de Graaff accelerator LECH from 

the 3H(d,nV He react ion. The neutron flux was monitored by counting 

the recoi l protons from thin polyethylene foil . The absolute calibration 

of neutron monitor was performed by using the activation method. The 
56 f , \56 

measurements were refered to " Fe(ri', p) Mn reaction, the c r o s s sec -

tion for which was accepted as 110 mb for both neutron energies [ 2 j . 

Uncertainty of the monitor calibration amounts to about 15%. The sam-

ples of samarium and neodymium were made of oxides ( s m ^ and Nd^,. isotopically enriched in Sm ( 9 6 . 9 % ) and with target 
2 2 thicknesses equal to 2 mg/cm and 3 mg/cm , respectively. 

The results of the absolute differential c r o s s sections are listed in 

tables 1, 2 and also presented in F i g . 1 and F ig . 3 . Only statistical 

e r r o r s are included. As it can be seen from F i g . 1 the character is t ic 

feature of the OC -particle spectrum i s the presence of two peaks cor 

responding to the ground state and excited states of the residual nucleu 

U 0 _ . Ce • 
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In F i g . 2 and 4 the energy distribution of neutrons, the angular 

spread and the energy spread of measurements are shown. These 

spreads were calculated by Monte Carlo method 

R E F E R E N C E S 

1 . M.Jaskola* J .Turkiewicz , L .Zemlo , W.Osakiewicz, 

Acta Phys . P o l . , B2_ /1971/ 521, 

2 . D . C . S a n t r y , J . B u t l e r , Can. J . P h y s . , 42/1964/ 1030, 

3 . L .Zemlo , INR Report 1464/I/PL/B/ /1973/. 
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T A B L E II /continued/ 

Differential c r o s s sections for the ^^Sm(p,0C) "^^Nd reaction 

at E = 1 2 . 2 7 MeV n 

F d & 1 p.wb d V I l a b d V ~ 

r ? n SQdE I r
 d . d Q d £ - J O T P 1 

W e V j [/ib/sr- M e V ] T [MeV] (jub/sr-MeV] U M e V j [ f f i s P - M e V ] 1 

.... 1 - _ L .. — - - T. 

1 5 . O N - 1 6 • 7 ± 6 7 . 7 I 1 7 , 4 0 1.1 B E 7 + 3 7 . S T 1 9 e 3 (, 6 8 . 7 + 1 7 . 7 I 
1 5 . 1 0 - 1 4 • 1 ± 6 7 . 2 ' T X 1 7 . 5 0 9 2 . 9 + 3 3 » A I ] . 0 » 9 0 5 H . I I 1 4 . 1 I 
1 5 7 . 1 + 6 7 . 7 I 1 7 , 6 0 1 5 7 . I + 3 3 . I .2 0 o 0 0 6 3 . 6 + 1 1 • Q 2 I 
1 5 . 3 0 - 1 7 .'71 6 6 . 7 I 1 7 . 7 0 1 :?> '• > , U + 3 5 . 4- 1 2 0 F 1 0 6 0 . 6 1 1 5 . 2 I 
1 5 . 4 0 3 9 6 0 . 6 I 1 7 « ' • ? 1 3 7 . 4 1 3 1 . P I 2 0 . 2 0 6 2 . 1 + 1 7 . 2 T 

1 5 . 5 0 8 2 • 3 ± 6 0 . 6 I 1 7 9 0 Q 2 . « 9 + 3 5 » 9 T 
1 '2 0 3 0 6 0 . 6 1 I 6 . 7 T J. 

1 5 . 6 0 9 4 . 4 + 5 7 . 6 I I B . 0 0 1 4 6 . 5 ± 3 . 3 . A I 2 0 e 4 0 • 2 « 3 + 1 0 E 6 I 
1 5 . 7 0 7 4 5 7 . 1 T 1 3 . 1 0 1 1 7 . 7.1 3 1 . P. 1 ' 2 0 « 5 0 • 1 9 • 2 I 1 2 . 6 I 
1 5 . S 0 1 9 ? . 9 + 5 0 . 5 I 1 8 . 2 0 1 0 3 , 0 + 2 5 E H 1 2 0 6 0 3 2 . 3 + 1 2 . 1 I 
1 5 . 9 0 1 0 5 • 5 + 4 9 . 0 I 1 8 8 1 . 3 ± 2 9 . 6 T i. 2 0 7 0 2 8 « P > 1 . 1 4 c 6 T 

1 6 . O O 1 2 5 . 2 + 5 2 . 0 T 1 8 . 4 0 8 3 . F̂  3 5 , 8 T ;> r> . B O 1 9 « 2 L 9 . 1 I 
1 6 . 1 0 . 3 + 5 1 . 0 

T' 
J. 1 8 * 5 0 5 3 « U + 2 3 . .2 I 2 0 E Q 0 2 1 O 7 + 3 2 . 6 I 

1 6 . 2 0 J P Q «• B + 4 FCI . 0 I 1 8 . 6 0 • 3 4 * 3± 2 6 . 3 I 2 1 e 0 0 4 3 1 3 . 1 T 
J 

1 6 . 3 0 . 5 9 . 6 + 5 0 r -» z> I 1 8 . 7 0 5 9 . It 2 1 « 7 I 2 I e 1 0 ' V 
C w . 3 1 ' - ) c 6 1 

1 6 , 4 0 7 2 . 7 ± 4 6 . 0 T I B . 8 0 3 6 . <4 + 2 1 . 2 T 2 1 e 2 0 . 0 I 1 7 . 7 I 
1 6 . 5 0 1 5 0 . 0 + o V I lfl . Q 0 8 7 . 4 1 c.» 2 T X 2 1 0 3 0 5 2 . 5 1 1 3 > 6 I 
1 6 . 6 0 1 6 9 . 7 + 4 2 . 4 1 1 9 . 0 0 1 1 6 . 7 + 2 6 c •D 

T .1. 2 1 « 4 0 2 9 . 3 + 1 P. T 6 T 

1 6 . 7 : ) 1 1 9 . 7 + 3 B . 9 T J. 1 9 . 1 0 1 0 3 . 1 + 2 3 * 2 7 1 2 1 s 5 0 2 5 . 3 1 1 0 . 1 I 
1 6 . R 0 1 5 0 • 5 ± 4 4 . Q I 1 9 « 2 0 1 6 2 , 6 1 2 9 . 3 I 2 1 « 6 0 3 B • 9 I 1 3 . 6 I 

1 6 .-9 0 1 5 5 • O ± 3 9 . 4 T 1 9 . 3 0 1 0 6 . 6 + 2 1 . 2 I 2 1 * 7 0 1 5 . 2 L A - 1 I 
1 7 . 0 0 2 2 2 . 2 + 4 1 . 9 I 1 9 . 4 0 1 1 4 . 1 1 2 2 . 7 T A 2 1 * 8 0 1 5 • 2 I 7 » 6 I 
1 7 . 1 0 ' 1 8 2 . 3 + 4 2 . 4 I 1 9 , 5 ; 0 1 1 6 . 7 I 2 2 . 2 

T 
I. 2 1 9 0 1 1 . 6.1 7 . 6 I 

1 7 . 2 0 1 9 4 • 4 + 3 7 . 9 T 1 9 . 6 0 1 0 1 . 5 + 2 1 O 7 T 2 2 0 0 6 . 6 1 6 . 6 I 
1 7 . 3 0 1 0 8 . 6 + 3 6 . 4 I 1 9 . 7 0 1 1 FC . 7 + 2 1 . 7 I I 

Cross section integrated in the 15 .00 - 2 2 . 0 0 MeV range i s 

equal 0 . 5 9 - 0 . 0 3 mb/sr. 
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T A B L E 11 

X 4-3 X 40 
Differential c r o s s sections for the Ce reaction 

at E = 1 4 . 0 5 MeV n 

F , a b i r lob . d*6~ T tab d 26~ t 

d Q d E I L « d Q d E r t * g o j g - T 
[MeVJ [>b/sr.Mev] 1 [ M e V ] [ ^ b / s r - M e V ] :[MeVJ [yUb/sr. M e V ] i 

] 6 . 0 0 - 1 1 6 . 7 + 1 2 9 . 9 I 1 8 . 7 0 2 ^ 4 . 4 + 7 3 . I R j. 2 1 * 4 0 2 0 . 3 + 3 0 . 6 I 
1 6 . 1 0 2 3 8 . 6 + 1 2 9 . 9 I 1 8 . P 0 2 7 1 . I T 7 7 . I 2 1 ft 5 0 8 5 . 3 + 2 9 . 4 T 
1 6 . 2 0 1 7 3 . 6 + 1 2 7 . 9 I 1 8 . •A Q 2 8 * . 3 + 7 3 . 1 T 2 1 © 6 U 2 5 . 4 + 2 9 . 4 T 
1 6 « 3 F; 1 1 3 » 7 + 1 2 9 . Cl I 1 9 * 0 0 3 9 9 . 0 + 7 3 . X 

r i 2 1 * 7 0 5 2 . P. + 2 1 . . > 
T 

1 6 . 4 0 1 3 2 . 0 + 1 2 5 . 9 I 10 4 1 9 . 3 . 1 7 0 . 0 T i 2 1 8 0 5 0 . B± 2 6 . 4 I 
1 6 . 5 0 2 1 8 . 3 + 1 1 ° . I 1 9 . 2 0 3 2 7 6 9 . 0 I 21 o 9 0 5 0 . k± 2 9 . 4 I 
1 6 . 6 0 1 7 - 4 . 5 + 1 1 0 . 7 I 1 9 . 3 0 3 9 2 6 7 . 0 I 2? • 0 0 - 3 . 0 1 2 4 . 4 R 

1 6 . 7 0 2 1 1 . 2 + 1 NFL . 6 I 1 9 . 4 0 3 7 5 . '6 + 6 0 . O I 22 • 1 I) 5 0 . H + 2 5 . 4 I 
1 6 i q 0 9 4 • 4 + 1 0 3 . 6 I l q . 5 0 3 9 0 , Q + ^ 2 . 9 I 22 e to 1 9 . 3 + 18 J 3 T 
1 6 . 9 0 1.40 . 1 + 1 0 4 . 6 T 1 9 . 60 2 4 1 .6 + 5 8 . 9 I 22 « 30 41 . 6.t 2 0 . 3 T L 
1 7 . 0 0 1 2 7 . 9 + 1 0 8 . 6 I 1 - 9 . 7 0 2 5 6 . B I 6 5 e 0 I 2 2 c 4 0 3 8 . 6 + 1 9 . 3 T 

1 7 . 1 0 1 1 2 . 7 + 9 4 . 4 T 1 9 . 6 0 4 1 1 . 2 + 7 1 . 1 I 22 « 5 0 2 0 . 3 ± 1 5 . P I 
1 7 2 3 4 . 5 + 9 5 . 4 I 1 9 . 9 0 4 4 7 . 7 + 6 4 . 0 I 2 2 Ci bO 2 5 . 4 + 1 7 . 3 I 
1 7 . 3 0 2 5 7 .9 + ° 6 . 4 I 2 0 . 0 0 4 2 8 .4 + 62 o O 1 22 # 7 0 7 4 . l l 2 5 . 4 I. 
1 7 .40 1 0 8 • 6 ± 9 5 . 4 T 2 0 , 1 0 3 2 1 c 8 + 5 5 . 8 T 2 2 e 8 0 56 „ O H 2 0 . 3 T J. 
! 7 .50 . 148 . 2 + 9 1 . 4 I 2 0 . 2 0 2 5 1 • 5 3 . Ci T j. ? ? 0 9 n 2 8 . 4± 2 0 . 3 I 
1 7 .60 4 7 . 7 + , 9 5 . 4 I 2 0 . 30 165 = 5 + 4 7 . 7 I 2 3 • 0 0 4 5 , 7 + 2 0 . 3 T 

1 7 . 7 0 1 5 9 . 4 + F < 4 . T J. 2 0 . 4 0 2 5 1 . •':• T 51 . M I 2 3 8 lM / . ] V 2 2 . 3 I 
1 7 . 8 0 1 7 6 . 6± 8 3 . 2 T 2 0 . S O " 1 4 9 • 2 + j . 7 X i J 3 « 2 0 4 8 . 2 0 . 3 T 1 
1 7 . 9 0 1 8 5 . 8 + 8 0 . 2 I 2 0 . 6 0 ^ i 

^ J. o 8± 2 7 . 4 T i. 2 3 © 3 0 8 6 . 3 + 2 6 . 4 I 
1 8 . 0 0 1 4 1 . 1 + 8 1 . 2 T 2 0 . F O 58 • 9 1 3 5 . 5 I 23 <P 4 0 1 0 7 . 6 + 2 8 . T 

1 8 . 1 0 1 6 1 . 4 + 7 3 . 1 I 2 0 . •8 0 8 0 . 2 1 3 2 . S I 2 3 • 5 0 1 0 6 . 6± 2 7 . 4 - T 

1 8 . 2 0 2 6 7 . 0 + 7 4 . 1 1 2 0 . 90 6 9 . O + 3 6 . z> I 23 © 6 0 8 9 . 3.+ 2 2 . 3 I 
1 8 . 3 0 2 7 7 . 1 1 7 8 . 2 I 2 1 . 0 0 7 0 . 0 ± 32 e 5 I 2 3 © 7 0 9 4 . 4 + 2 5 . 4 I 
1 8 . 4 0 2 0 6 . 1 ± 7 9 . 2 I 2 1 . 10 3 5 . 5 1 3 0 . D 1 2 3 • 8 0 4 0 . 6 1 1 7 . 3 I 
1 8 . 5 0 2 3 4 • 5 + 7 5 . 1 T S. 2 1 . 2 0 0 . 0 1 3 0 . U R i 2 3 e> 9 0 1 0 . 2 + 1 4 . 2 1 
1 6 . 6 0 1 4 0 . 1 + 68 . 0 I 2 1 . 3 0 56 2 4 « 4 I 24 • 0 0 2 0 . 3 + 1 1 . 2 I 

C r o s s section integrated in the 16 .00 - 2 4 . 0 0 MeV range i s 

equal 1 . 2 2 - 0 . 0 6 mb/ sr 
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C R O S S - S E C T I O N MEASUREMENTS 

OF THE (n ,oC) REACTION AT E = 1 4 . 6 MeV 
n 

U.Garuska , J . D r e s l e r and H.Matecki 

Institute of Phys ics University of Lodz 

C r o s s sections for the (n>®0 reaction, induced by 14-.6 MeV 
2 7 a 1 30„ . 31 t, 51 t '55, , 59 „ , 7 5 . ^ neutrons on Al, S i , P , V, Mn, Co and As target 

nuclei have been measured. The neutrons were obtained from the 
3H(d,n)^He reaction on the electrostat ic cascade acce lera tor . 

9 ' 

The neutron flux, was 5*10 neutrons/s. Samples of pure elements, 

both natural and enriched were used. The neutron flux was deter -56 c \56 

mined by using the Fe(n,p) Mn reaction as the re ference . We 

accepted the c r o s s - s e c t i o n for this reaction as 105 - "4mb [ l ] . 

The c r o s s - s e c t i o n s measured are listed in table 1 . 

T A B L E 1 

Isotope Cross -sec t ion (mb) 

2 7 A I 141 t 8 
3 ° S i 108 - 2 5 
3 1 P 104 - 12 
5 1 v 20 t 3 
5 5 M n 2 7 - 4 
59~ Co 35 - 3 
7 5 A As 12 t 2 

•The e r r o r s given in Table 1 include statistical e r r o r s and the e r r o r 

of the c ross - sec t ion of the reference react ion. 

R E F E R E N C E S 

1 . M.D.Goldberg et a l . BNL 325, 1966. 
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C R O S S - S E C T I O N S FOR F A S T NEUTRON 

CAPTURE ON Pd, Cd and I r 

M.Herman and A.Marcinkowski 

Institute of Nuclear Research , Warsaw 

Activation c r o s s sections for the y i , ^ ) reaction were meas-

ured at four neutron energies 0 . 5 3 MeV, 0 . 8 6 MeV, 1 . 2 0 MeV 
. 1 " 1 .. , ' 1 0 8 ' n o 1 1 ^ , 1 1 6 , * 193, 0 

and 1 . 3 1 MeV, on Pd, Pd, Cd, Cd and I r . Sam-

ples of high purity natural material have been irradiated with neu-3 ( \3 

trons from the H^p,n) He reaction. Tritium absorbed targets 

were bombarded with protons accelerated to 2 . 2 MeV energy. The 

neutron energies were selected by a suitable choice of the emission 

angle. The product nuclei were identified bjr their character is t i c 

^ -decay. The ^ -activity induced by neutron irradiation was 

then measured with a 60 cm' 5 Ge(Li) spectrometer, the relative de-75 
tection efficiency of which has been determined with help of S e , 
1 1 3 2 2 6 

Ba and Ra sources . The details of the decay charac ter i s t i cs 

of the investigated residual nuclei , adopted in the present data ana-

lys is were taken from r e f s , [ l , 2^. The measured c r o s s sections were 
- 115 refered simultaneously to the capture cross section of In, r e f . 3 . 

and to the c r o s s sections of the ln(n , n ' j " In reaction evalua-

ted for^the purpose of the present experiment / see the following 

report/. 

The results of c r o s s section measurements are presented in 

table 1 . These c r o s s sections have been corrected for the attenuation 

of the y - rays in the samples. The e r r o r s attached contain the 



T A B L E I 

Jsleutron Capture C r o s s Sect ions -mb 

Neutron Energy - MeV 
Reactions : : — 

0 . 5 3 - 0 . 1 4 0 . 8 6 t a . 2 1 1 . 2 0 ^ 0 . 1 5 1 . 3 1 ± 0 . 7 0 

1 0 8 P d ( n > y ) 
109m p d 

• 5 . 7 ± 0 . 7 4 . 8 ± 0.6 4 . 3 - 0 . 5 4, .4 ± 0 , . 5 

1 0 8 P d ( n > ^ 
lOQo 

°Pd 103 + . „ - 4: 7 8 . 5 - 9 . 2 '69.0 ± 7.6 50, .0 ± 5, .7 

1 1 0 P d ( n , ^ l l l m P d 6 . 1 ± 0 . 8 5 . 2 ± 0 . 7 4 . 1 - 0 . 5 3. .6 t o . .4 

1 U c d ( n , 5 - ) 1 1 5 C d 4 6 . 2 - 5 . 7 3 0 . 0 ± 3 . 7 2 7 . 5 - 3 . 3 25. .7 ± 3. .2 

U 6 C d ( a S ) 1 1 7 m c d 2 3 . 9 - 2 . 9 1 5 . 8 - 2 . 3 1 6 . 9 - 2 . 2 15. ,6 ± 2. ,0 

l l 6 C d ( n , y ) 1 1 7 S c d 1 7 . 0 - 2 . 3 1 2 . 0 ± 1 . 7 1 0 J 3 - 1 . 4 .8. .3 ± 1. ,1 

1 9 3 l r feff) 138 ±16 117 ± 1 5 73 - 12 61 ± 6 
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statist ical e r r o r s as well as the systematic ones. The la t ter are 

dominated by the uncertainties of c r o s s sections of the reference 

react ions , which, have been estimated to amount to 10%. The 

neutron energy spread was determined from the energy distribution 

of neutrons incident on the samples, calculated with a Monte Carlo 

method. 

The use of two reference reactions, having excitation curves 

of opposite slope has allowed us to neglect effects of low energy 

background neutrons. 

R E F E R E N C E S 

1 . C . M . L e d e r e r , J .M.Hol lander , J .Per lman, Tables of Isotopes, 

/Wiley, NY, 1968, sixth edition/, -

2 . Nucl. Data Sheets Vol. 6 , No 1 /1971 / ; Vol . 9 , No 4 /1973/ ; 

Vol . 14 No 3 /1975/; Vol . 16, No 2 /1975/, 

3 . F . Schmittroth, B N L - N C S - 5 0 4 4 6 p. 158 /1975/. 
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EVALUATION OF THE l l 5 I n ( n , n V l 5 n i l n . REACTION C R O S S SECTIONS 

IN THE ENERGY RANGE FROM THRESHOLD TO 1 . 5 MeV 

M.Herman and A.Marcinkowski 

Institute of Nuclear Research , Warsaw 

. The ln(n ,n ') In reaction leading to the 4-.3 h isomer i s 

widely used for neutron flux monitoring in reactor dosimetry. 

A large body of consistent experimental c r o s s sections exis ts for 

this reaction in the neutrony energy range up to 20 MeV JjL --8j. 

We have found it to be a usefull reference reaction for neutron 

capture activation c r o s s section measurement in tjie 1 - 3 MeV 

region. Due to t h e ( n , n ' * ) reaction threshold the activity of the 
115 In isomer i s insensitive to low-energy background neutrons, 

which, if present , will affect the investigated capture c r o s s s e c -
115 f 15 m t ions . .However the yield of the I n ( n , n ' ) In reaction, when 

1 1 6 
compared with the activity of the 54- min isomer in In, induced 

. .. 115, f \ 116m, 

via the m reaction in the same irradiation, allows 

one to estimate the influence of the background neutrons. 

We have found that the c r o s s sections of the b In (n , i i ' ) b m i n 

reaction, measured with reference to the known excitation curve of 

the 1 1 5In(n,fl") 1 1 "^In reaction, fit well the data obtained in di f fer-

ent experiments (see F i g . l ) , thus indicating negligible background 

neutron e f fec ts . The measurement has been performed at four neu-

tron energies listed in table 1 . The neutrons were obtained from 

a tritium absorbed in titanium target bombarded with protons of 115 X 1 6 2 , 2 MeV energy. The "jj" -act ivit ies of the In and In isomers 
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were followed with a Ge(Li) sp'ectrometer. The decay data adopted 

in the analysis of the activit ies were taken from refs .^9, 10*]. 

The c r o s s sections presented in table I are averages of three experi-

mental runs and the e r r o r s quoted contain statist ical e r r o r s as well 

as the systematic ones. 

TABLE I 

E n - A E & ~ &<o 

MeV mb 

1 .31 ± 0 . 0 7 135 ± 1 5 

1 . 2 1 ± 0 . 1 5 94 ±10 

0.86 ±0.21 37 ±4 

0 . 5 7 ± 0 . 1 4 7 . 3 ± 0 . 9 

The results of our measurements from table 1 are compared with 

previously measured c r o s s sections in F i g . l , showing good agreement 

between different data se ts . There exists only slight disc re apancy 

of the order of 20% between the early high energy resolution measure-

ments of Ebel et a l . and the rest of data, in the neutron energy 

range from 1 . 0 MeV to 1 . 2 MeV. Our "guide by eye" l ine, considered 

as the recommended excitation curve follows the newer e r o s s section 

data sets [^2, 3 , 7, 8] in this energy region. 

The method of refering the measured capture c r o s s sections to two 

monitoring reactions, having excitation curves of opposite slopes has 

been applied iri neutron activation measurements on Pd, Cd and Os 

isotopes. 
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• KIEV 4 (73) 312 , L.LAKOSI 

o PR 93(54)199 , A.A.EBEL 

+ PR 165 ( 68) 1298 , H.A.GRENCH 

v BAP 12(67) 547 , IP. BUTLER 

* NST 6 (69 } 485 l.KIMURA 

Y CDP 54(761757, D.C. SANTRf 

O PR 163 (67) 1308, H.O. MENLOVE 

X ANL/NDM 14(75) , P. L.SMITH 

« PRESENT EXPERIMENT 

200 

E n ( MeV] 

Fig. 
115 t \ 1 3 5 m , 1 . Compilation of the " " ^ I n ^ n r e a c t i o n c r o s s sec-

t ions . The solid line i s the recommended excitation curve 

/ guide by eye/ . 
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GAMMA-GAMMA COINCIDENCE MEASUREMENTS 

IN THE ° Ba NUCLEUS 

C h . D r o s t e , L .Goet t ig , T . M o r e k , J . S r e b r n y , W.Urban 

Institute of Experimental Phys ics , University of Warsaw 

130 The level structure of Ba has been studied from the decay 

of 3 La by observing gamma ra j ' s and gamma - gamma coincidences, 
™ 130 t . , , ' . . 130 , ' \130 t . _ The La isotope was produced m the Ba(p,n) La reaction 
with 10 MeV proton beam from the l inear acce lera tor of the Inst i -

tute of Nuclear Research at *5wierk. 

The results of these measurements are consistent v/ith the 

previously reported deca}r schemes [ l , 2] which were constructed 

on the basis .of energy sums and differences only. The coincidencee 

measurements allowed us to establish a few new high excited energy 
" 1 3 0 levels in Ba as well . 

R E F E R E N C E S 

1 . Ch.Droste et a l . ,Acta Phys . Pol.,135^ 5 6 l , 1974', 

2 . Nuclear Data Sheets 13, No 2 , 152, 1974. . 



<- o cn t̂  fsi r-j 
C O O O f - IDLDOO 
rsj csi (si t̂  r-- *— 

csi <SJ csi 

(2!3,4+) 
(2.3.4 ) 
(2?3,4+) 
(2.3,4 )• 
(2!3. 4+) • 
(2.3.4 ) 

oo o 
co 
o 

coo 
K CSJ <D OI 0 0 ^ <sj r̂  t̂  
csi c^oocn <ni 
(sj .-comco ro 

2* 

0* 

r̂co -J- CT> rsi -j-o 
-J (DIOOlOlfl 

• 
— O (JO ^-cnooLn-Jfsi^Ln^vr 

•-(Tioon CSI LT> 00°? OT) FSL — ; 
' ! " * m S T K ^ O O ^ ' - ^ C S H O 

pjp: Ji'- o<si men * . V I V >* U / U l L ^ . 
«— «—r̂  (£> in co LT> ̂  °° ro 

irW^t-.'®"!1-:"-: = 
CMt̂ fsioorsKomĉ -
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•( A / " 

L E V E L S OF Cs EXCITED BY THE DECAY OF B a 

A. Ja sin ski, B . M y slek 

Institute of Nuclear Research , *5wierk, Poland 
! , " 

R . A r l t , H.G.Ortlepp 

Technical University, Dresden, DDR 

G . B e y e r 

ZFK, Rossendorf, DDR 

P .Gopitek, A. Sh.Khamidov, D . I . Salamov 

Joint Institute of Nuclear Research , Dubna, U S S R 

Radioactive sources of ^"^^Ba obtained in spallation reaction 

have been studied with Ge("Li), S i ( L i ) and Nal(Tl) detectors . 

The experiments were performed using chemically and isotopically 

separated samples. Conversion electron spectra have been measured 

using Si (Li) detector . The electrons were separated from the posi -

trons and - rays by means of a homogeneous magnetic f ield. The 
126 

assignment of ^ - rays to the daughter activity of Cs has been 

done by measuring - ray spectra gated by known ^ - rays of 
1 2 6 •' u 

C s . On the bas is of ^ - ray energies , ^ - ray'multipolarities, 

intensit ies , energy sums, ^ - Y" and KX - ray - Ĵ  coincidence 
126 

informations, the decay scheme has been proposed for B a . 
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TABLE 1 • 

126 Gamma-rays observed in the decay of B a . Intensities of the 

g' l ines are normalized to the intensity of the most intense 3 8 8 . 5 keV 
transition of Cs 

Eg.(keV) E^keV l f 

KX - ray 200(30} 

4 7 . 5 ( l ) 0 . 1 5 ( 5 ) 328 .2 ( l ) 4 . 5 (4) 

5 4 . 5 ( l ) 0 . 3 2 ( 4 ) 3 4 3 . 3 ( l ) 1 . 3 ( 1 ) 

7 0 , 4 ( 1 ) 0 . 2 3 ( 5 ) 353 .0 (2 ) 1 . 3 ( 2 ) 

7 2 . 6 ( l ) 0 . 3 7 ( 7 ) 3 6 1 . 7 ( 2 ) 1 . 0 ( 2 ) 

7 3 . 6 ( l ) 0 . 3 5 ( 6 ) 392.2(2") 1 . 6 ( 4 ) 

7 4 . 7 ( 2 ) 0 ,87(Ll ) 4 0 0 . 4 ( 1 ) 2 . 5 ( 4 ) 

7 6 . 8 ( 3 ) . 0 . 1 0 ( 3 ) c 4 1 5 . 0 1.0 
- 6 . 4 ( 3 ) 

86 . 3 (2) 0 . 2 9 (6) ' c 415 .7 0 . 4 . 
- 6 . 4 ( 3 ) 

8 7 . 0 ( 2 ) 0 . 1 4 ( 4 ) 4 7 4 . 6 ( 2 ) 0 . 9 ( l ) 

9 0 . 2 ( 3 ) 0 .16(11) 489 .1 (4) 8 .2 ( l . 2 ) 

9 3 . 2 ( 3 ) 0 . 5 4 ( 8 ) 5 2 5 . 7 ( 2 ) ' 0 . 6 ( 1 ) 

1 0 2 . 9 ( 2 ) 0 . 4 3 ( 6 ) 535 . 6 (2) 0 . 6 ( 1 ) 

1 0 6 . 7 ( 2 ) 1 .2 ( l ) 5 3 8 . 7 ( 2 ) 3 . 9 ( 3 ) 

. 1 2 6 . 3 ( 2 ) 1 . 3 (2) 5 4 2 . 3 ( 2 ) . 1 . 7 ( 2 ) 

129.4(1") 2.6 (3) c 548 .2 0 . 6 
' 1 . 3 ( 2 ) 1 4 9 . 9 ( 2 ) 0 . 9 (2) c 5 4 9 . 0 0 . 7 m 
' 1 . 3 ( 2 ) 

2 0 0 . 6 ( 2 ) 1 .6 (3) 5 5 1 . 5 1 . 5 ( 2 ) 

203 .1 (2) 0 . 7 (2) c 5 5 9 . 0 0.2* 
0 . 8 ( 1 ) 2 0 8 . 0 ( l ) 1 . 5 (2) c 5 6 0 . 4 0 . 6 0 . 8 ( 1 ) 

2 1 3 . 8 ( 2 ) 0 . 4 (2) 5 7 8 . 6 ( 2 ) 0 . 5 ( 1 ) 

2 1 7 . 7 ( l ) 9 . 4 (7) 583 .2 (2") 0 . 7 ( 1 ) 

2 3 1 . 8 ( 2 ) 2.0 (3) 5 8 9 . 4 ( 6 ) 0 . 2 ( l ) 

2 3 3 . 4 ( l ) 4 6 . 4 ( 2 . 8 ) 5 9 6 . 5 (3) 0 .5 0 

2 3 9 . 2 ( 2 ) 2.2 (2) . 6 0 2 . 3 ( 2 ) 0 . 5 ( 1 ) 

240 .7 ( l ) 1 4 . 4 ( l .o) 610 .9 (2) 1 .2 (2) 

2 5 7 . 3 ( l ) 18.7 ( l . 2 ) 640 .2 ( 2 ) 1 . l ( 2 > 
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T A B L E 1 /continued/ 

2 8 1 . 0 CO 7 . 6 Cs) 6 4 2 . 8 ( 3 ) 0 . 7 ( 2 ) 

2 8 4 . 8 ( 2 ) 1.2 (2) 6 6 7 . 9 ( 0 0 . 7 ( 1 ) 

2 9 0 . 5 Ci) 1.8 (2) 6 8 1 . 5 CO 1 0 . 5 ( 7 ) 

3 0 8 . 9 ( 4 ) 0 . 4 (2) 6 8 5 . 6 CO 1 .1C2) 

3 2 1 . 0 C5) « s £ 0 . 2 6 9 1 . 7 CD 2 . 2 ( 3 ) 

6 9 8 . 6 ( 2 ) 0 . 8 (2) * 9 3 4 . 3 ( 3 ) 0 . 2 CO 
7 0 3 . 4 ( 6 ) 0 . 2 0 . ) c 9 5 2 . 7 0 . 5 

' 0 . 9 ( 2 ) 
7 0 9 . 8 ( 2 ) 3 . 0 (4) c 9 5 2 . 8 0 . 4 

' 0 . 9 ( 2 ) 

7 4 4 . 3 ( 2 ) 0 . 9 ( 2 ) 9 6 4 . 4 C 2 ) 0 . 3 CO 
7 5 6 . 0 ( 7 ) ^ 0 . 2 c 9 7 6 . 4 3 . 5 

' 5 . 5 ( 4 ) 7 5 9 . 2 ( 2 ) 0 . 4 (l) c 9 7 6 . 7 2 . 0 ' 5 . 5 ( 4 ) 

7 6 8 . 8 C 7 ) 9 8 3 . 5 C l ) 2 . 2 ( 3 ) 

7 7 9 . 2 ( 3 ) 0 . 5 CO 9 9 2 . 9 ( 2 ) 5 . 4 ( 4 ) . 

7 8 1 . 6 ( 3 ) 1.0 (2) 1 0 0 0 . 4 C2) 0 . 5 Cl) 
8 3 9 . 8 ( 5 ) 1 . 4 ( 4 ) 1 0 0 7 . 3 ( 3 ) . 1 . 7 ( 2 ) 

8 4 1 . 3 ( 3 ) 2 . 2 ( 6 ) 1 0 1 1 . 4 ( 2 ) 1 .6(2) 

8 4 8 . 2 ( 3 ) 0 . 6 ( j ) 1035.2 CO 3 . 4 ( 3 ) 

8 5 6 . 3 ( 2 ) 1 . 4 (2) 1 0 5 1 . 8 Cl) 2 . 6 ( 3 ) 

863 .8 (2) 2 . 9 ( 3 ) 1 0 5 9 . 4 ( 2 ) 0 . 7 C2) 
8 8 1 . 9 ( 3 ) 0 . 7 ( 3 ) . 1 0 9 7 . 5 © 1 . 9 ( 2 ) 

9 0 3 . 1 (2) 0 . 9 (2) 1 2 1 0 . 2 ( 2 ) 4.1 GO 
906.0 (2) 1 . 0 (2) 1 2 3 4 . 0 ( 3 ) 4.7 CO 

* 910.2-(2) 0 . 6 (l) 1 2 4 1 . 2 ( 3 ) 2 . 4 ( 2 ) 

9 1 2 . 6 ( 2 ) 1.0 C2) 1 2 9 3 . 0 ( 4 ) 9 . 0 ( 7 ) 

9 2 9 . 0 ( 2 ) 1 . 2 (2) 

The e r r o r s of the experimental data are given in parenthesis in 

units of the last digit . 

L ines marked by an a s t e r i s k are not placed in the level scheme, 

c = energies and intensit ies /left side of the parenthesis/ deduced 

from the "jC - coincidence data. 



29 

T A B L E II /continued/ 

Conversion coefficients of gamma transitions in the decay 
• P 1 2 6 ^ of B a 

Eg^CkeV) 

0CK oC L Assigned 
Eg^CkeV) lIC -ce 'I, L - c e xlO *10 multipolarity 

1 2 6 . 3 > 22 ^ 3 . 8 > 26 ^ 4 . 5 Ml + (E2) 

1 2 9 . 4 > 33 ^ 5 . 2 > 2 0 ^ '3.1 Ml + (E2~) 

U 9 . 9 2 . 3 4 . 0 Ml + ( e 2 ) 

2 0 0 . 6 . 8 . 6 8 . 4 M l , E2 

2 0 3 . 1 4 . 2 9 . 9 Ml E2 

2 0 8 . 0 8 . 0 8 . 3 M l , E2, 

217 .7 6 8 . 3 1 3 . 0 1 1 . 3 2 . 2 E2 + (Ml) 

2 3 3 . 4 2 5 6 . 1 2 7 . 2 ' 8 . 2 0 . 9 Ml + ( e 2 ) 

2 4 0 . 7 16 .1 1 . 8 1 . 5 0 . 2 E l 

2 5 7 . 3 7 0 . 4 9 . 5 5 . 9 0 . 8 Ml + ( E 2 ) 

2 8 1 . 0 2 3 . 5 4 . 8 M l , E2 

2 8 4 . 0 3 . 0 3 . 9 M l , E2 

2 9 0 . 5 5 . 2 . 4 . 5 M l , E 2 

3 2 8 . 2 1 0 . 2 1 . 1 3 . 5 0 . 4 £ i—*
 

3 4 8 . 3 2 . 8 2 . 4 M l , E2 

3 5 3 . 0 1 . 6 2 . 0 M l , E2 

4 0 0 . 4 2 . 7 0 . 3 1 . 7 0 . 2 M l , E2 

4 4 1 . 5 0/5 1 . 1 M l , E2 

4 5 3 . 4 0 . 4 1 . 6 M l , E2 

4 5 6 . 8 1 . 1 - 1 . 2 M l , E2 

4 7 4 . 6 1 . 1 1 . 1 M l , E2 

4 8 9 . 1 5 . 0 0 . 9 0 . 9 0 . 1 7 M l , E2 
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T A B L E II /continued/ 

5 2 5 . 7 0 . 3 0 . 9 M l , E2 

5 4 2 . 5 0 . 8 0 . 7 M l , E2 

5 4 8 . 8 0 . 6 0 . 7 M l , E2 

5 7 8 . 6 0 . 3 5 1 . 0 M l , E2 

6 4 0 . 2 0 . 6 0 . 7 M l , E2 

. 6 4 2 . 8 0 . 3 0 . 6 M l , E2 

681 .5 . . 3 . 2 0 . 5 . M l , E2 

691 .7 0 . 8 0 . 5 M l , E2 

7 0 9 . 8 0 . 7 3 0 . 4 5 M l , E2 

8 5 6 . 3 < 0 . 1 3 < 0 . 1 4 E l 

8 6 3 . 8 0 . 4 5 0 . 2 4 M l , E2 

8 3 9 . 8 0 . 2 4 0 . 2 7 M l , E2 

8 4 1 . 3 0 . 3 3 0 . 2 5 M l , E2 

9 9 2 . 9 0 . 1 5 0 . 0 4 E l 

1234 .1 0 . 3 7 0 . 1 2 M l , E2 

1293 .1 0 . 5 8 0 . 1 0 M l , E2 

The experimental conversion coefficients were normalized to 

the value of the 3 8 8 . 5 E2 transition, 
k 



f 

Fig. ± 
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128 130 
IN -BEAM STUDY OF Xe and ° Xe STRUCTURE 

L.Goet t ig , Ch.Droste , A.Dygo, T . M o r e k , J . S r e b r n y 

Institute of Experimental Phys ics , Warsaw University 

and 

J .Styczer i , R . B r o d a 

Institute of Nuclear Phys ics , Cracow 

1 2 3 130 The level schemes of ' Xe have been investigated by means 
2 

of in-beam ft - ray spectroscopy. Targets of ^ 2 0 mg/cm of 
12 § 130 ' TeO^ /enriched to rv 98 % each/ were irradiated, with the 

oC - part icle beam of the U - 120 cyclotron at the Institute of Nuc-
1 2 3 130 

l e a r Phys ics in Cracow, The nuclei ' Xe have been produced 

m (oC , 2n) reaction at E ^ ^ 26 MeV. 

The in-beam and off-beam ^ - ray singles spectra, ^ 

coincidence spectra and ^ - angular distributions were measured. 

In order to search for delayed transitions we studied decays of 

several levels in the nanosecond region for each nucleus. Two i s o -

meric states have been found, namely: T ,„ 90 ns /level 2787 .2 keV/ 
1 2 8 ' i/^- 1 3 0 

in Xe and T- / 9 = 5 ns /level 2 9 7 3 . 3 keV/ in X e . Eight new . -
128 ' 130 levels for Xe and sixteen for Xe were established. 

128 130 
The level schemes constructed for Xe and Xe are presented. 

Tables 1 and 2 give the l i s t s of energies and intesit ies of ^ - t r a n s i -

tions observed in each nucleus,, 
Prel iminary calculations hs^ve been performed for positive parity 

128 

states in Xe in the frame of the collective model which takes into 

account the ^ - dependence of the inertial functions E l l . The sat is -

factory agreement with experimental data was achieved only when some 

renormalization of the microscopic inertial functions was assumed. It 
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128 i s worth while to note that the renomalization for Xe i s identical 

with the one needed to reproduce the experimental data for 

R E F E R E N C E S 

1 . J .Dobaczewski, S .G . Rohozinski, J . Srebrny; 

Z. Physic A 282, /1977/ 203, 

2 . Ch. Droste , L .Goet t ig , T . M o r e k , J . Srebrny, J .Bucka 

and J .Dobaczewski, S .G .Rohozinski; Z/Physic A 284 

/1978/ 297 . 
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F i g . 1 . Decay scheme of Xe 
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T A B L E I 

128 
Energies and intensit ies of gamma transit ions observed in Xe 

/ 

Eg, (kev) 
r < r 

Efl- (keV) 

271 .77 ( 3 ) 7 . 0 7 (18) 5 7 0 . 4 8 ( 6 ) 4 . 2 2 (13) 

2 8 6 . 3 6 (5 ) ' 2 . 3 3 (12) 5 9 0 . 2 2 ( 3 ) i 6 9 . 1 Cl9) 

353 .99 C l l ) 1 . 5 4 (12) 633 .99 ( 0 3 . 9 1 (14) 

4-29.02 ( 6 ) 1 . 9 9 (17) 683 .91 ' (8) 3 . 0 ( 3 ) 
4-4-2.83 ( 3 ) 1 0 0 . 0 Cl7) 7 0 4 . 0 3 (3 ) i 4 0 . 0 (s) 
4 6 0 . 2 2 (6 ) 5 . 6 (4) 7 7 5 . 4 8 ( 3 ) . ' 1 6 . 4 a ) 

4 9 0 . 8 2 ( 3 ) 2 . 1 6 (10) 8 4 5 . 9 8 (?) 7 . 5 (10) 

5 2 6 . 5 4 C3) 10 .71 (19) 9 6 9 . 3 6 © 2 . 7 0 6 2 ) 

5 4 3 . 6 0 ( 6 ) . 3 .04 C u ) 9 8 6 . 6 0 ( 6 ) . 4 . 1 4 ( 9 ) 

567 .10 (5 ) 4 . 9 4 (13) 1 1 9 6 . 0 4 0) 1 2 . 4 C3) 

The e r r o r s of the experimental data are given in parenthesis in units of the 

last digits 
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T A B L E II 

1 3 0 Energies and intensities of gamma transitions observed in Xe 

Eg- (keV) E ^ (keV) x r 

2 0 6 . 5 4 ( 3 " ) 3 . 4 1 Cs) 604 ( l ) 

2 3 4 . 5 9 ( 5 ) 2 . 0 5 ( 7 ) 668 .69 ( 4 ) 7 9 . 3 (14) 
250.98 (4) 0.90 (7) 686 .09 6 5 ) 1 . 5 (2) 

275.51 (3) 6 . 4 ( 3 ) 696 ( l ) - 4 . 7 a ) 

2 8 6 . 4 ( l ) . 5 . 7 4 (L2)b) 700 ( l ) 

3 1 5 . 7 4 (4) 1 2 . 3 (3 ) 7 2 1 . 0 8 ' ® 1 . 8 6 66) 

346 ( l ) 7 3 9 . 7 4 (4) 2 8 . 4 f 6 ) 

3 8 2 . 5 2 ( 4 ) 2 . 8 9 (9) 753 .07 ( 4 ) 1 5 . 9 

399 ( l ) ^ 0 . 4 a > 7 6 4 . 6 2 ( 1 7 ) 1 . 6 1 (16) 

4 1 7 . 8 6 ( 6 ) 2.88 (12) 823 ( l ) 

427.7160) 1 . 1 3 ( l l ) 843 ( l ) 

4 3 1 . 1 6 ( 7 ) 1 . 9 4 ( l l ) 855 .20 GO 3 0 . 5 C7) 

4 6 6 . 5 4 ( 5 ) 4 . 2 ( 5 ) 898 ( l ) 

4 7 1 . 0 0 ' ( 5 ) 6 . 7 9 ( l 4 ) 987 ( l ) ^ 0 . 6 a ) 

510 ( l ) 1096 .90 (10) 4 . 4 1 (16) 

5 3 6 . 2 5 (4) 100 .0 (15) 1122 .65 (7) 1 . 6 0 (12) 

5 8 6 . 2 4 ( 4 ) 1 1 . 1 (2) . 1 2 7 1 . 5 ( 5 ) 1 . 4 ( 5 ) 

The e r r o r s are given in parenthesis in units of the last digits.. 

a) The intensity of the line was extracted from the ^ 

coincidence data 

b) The X"-^ coincidence data suggest that there exist two t r a n s i -
130 

tions in Xe with similar energy 286.4- keV. The intensity 

i s the total intensity of the two transi t ions . 
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DECAY SCHEME OF 1 3 4 N d AND EXCITED S T A T E S OF 1 3 ^ P r 

A.Jasiriski , T.Kozlowski 

Institute of Nuclear Research , *5wierk, Poland 

R . A r l t , H.G.Ortlepp 

Technical University, Dresden, DDR 

G . B e y e r 

Z F K , Rossendorf, DDR 

J .Kormicki , D . l .Sa lamov 

Joint Institute of Nuclear Research, Dubna, U S S R 

1 3 4 

The decay of Nd has been investigated with Ge(Li) and 

S i & i ) detectors . The radioactive sources , obtained in the spal-

lation reaction from gadolinium and tantalum targets , were chemical-

ly and isotopically separated. The experiments involved of singles 

- r a y , conversion electron and coincidence y - ray spectra . The 

^ coincidences have been measured using large volume Ge(jLi) 

detectors and a three parameter analyzer system. From the relative 

( 4 . 4 - 0 . 8 ) feeding of the 163 .2 keV excited state in P r the J r 134 + total decay energy of Nd has been deduced to be Q = 2770 150 keV. 
/ 

A decay scheme incorporating all ff -transitions observed in this ex -

periment i s proposed on the basis of coincidence measurements and 
134 

energy sums. Spins for the excited states in P r have been suggested 

on the basis of J h -decay charac ter i s t i c s and the multipolarities of the 

few low-energy - transi t ions . 

On leave from Institute of Nuclear Research , Cracow, Poland 
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T A B L E 1 

134 Gamma - rays observed in the decay of Nd 

E ^ ( k e V ) I f E^/(keV) I y 

9 0 . 1 (2) 3 . 8 (4) 288 .9 (2) 2 2 . 4 ( 2 . 0 ) 

9 3 . 3 (31 0 . 5 (2) 2 9 5 . 0 (5) 2 . 9 (6) 

101 .2 (2) 4 . 0 CO 3 0 9 . 4 (5) 2 . 9 (5) 

104 .1 0 - 3 . 0 (7) 320 .0 ( 5 ) 1 . 8 (4) 

115 .7 (2) 3 . 8 (5) 336 .0 (5) ^ 0 . 7 

1 1 9 . 4 (3) 1 . 0 Cs) 352 .0 (5 ) 1 . 5 ( 5 ) 

126 .0 (5) 0 . 5 (3) 379 .1 C5) 1 . 8 (4) 
1 3 0 . 6 (5) ^ 0 . 5 4 5 8 . 0 Cs) 1 . 1 (5) 

1 4 4 . 3 (3) 1 . 8 (5) 4 6 7 . 9 (5) 4 . 3 (8) 

147 .8 (5) . 1 . 5 (4) 4 8 3 . 0 Cs) 4 . 0 (7) 

-163.2 (2) 100 583 .0 (6) 2 . 0 (4) 

1 8 3 . 5 (3) 1 . 1 (3) 673 .0 (6) 2 . 0 (4) 

1 8 9 . 4 (3) 1 . 4 (5) 993 Cl.5) 3 . 1 (4) 

2 1 6 . 8 ( 2 ) 2 0 . 6 (3.0) 1000 . a.5) 7 . 0 (8) 

Experimental errors are given in parenthesis in units of the 

last digit. 
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T A B L E II /continued/ 

Conversion coefficients of low-energy ^ -transit ions in the 

decay of "^^Nd 

E (kev) lK -ce 
Assigned 

multipolarity 

.90 .1 5 . 5 1 . 4 M l , E2 

9 3 . 3 0 . 9 1 . 8 . Ml, E2 

1 0 1 . 2 1 . 2 0 . 3 E l 

1 0 4 . 1 4 . 0 1 . 0 M l , E2 

115 .7 3 . 6 0 . 9 Ml, E2 

1 1 9 . 4 0 . 9 0 . 9 Ml, E2 * 

1 6 3 . 2 5 . 5 0.06(^=6.6) E l 

2 8 8 . 9 < 0 . 4 0 . 0 2 El 

Uncertainties of the experimental conversion coefficients 

values do not exceed 25%. 
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233 THE CORIOLIS COUPLED BAND IN P a 

R.Kaczarowski 

Department of Physics IA, Institute for Nuclear Research , ^jwierk',Poland 

T . B a t s c h 

Institute of Experimental Phys ics , University of Warsaw, Warsaw,Poland 

237 
A re- inve stigation of the Np decay scheme has been performed 

with magnetic and semiconductor spectrometers and using delayed 

coincidence technique. The obtained results £ l ] confirmed confirm 

the previous data presented in the compilation of Artna-Cohen £ 2 ! . 

New information on half- l i fe of the 5 7 . 1 keV ( 7 / 2 + ) level have been 

obtained. 

The 4 mg of NpCl^ sample was purified with the use of ion-exchange 

chromatography. The sources were prepared by a microcolumne tech-

nique. The source strength was about 2^uCi . . 

The experimental set-up for life-time measurements included a time-

-to-amplitude converter , constant fraction t r iggers and two scinti l la-

tion detectors . The y - rays and X - r a y s were detected in a 10 mm 

thick NE-111 scintil lator mounted on the 56-DUVP photomultiplier, 

while a 1 mm thick NE-111 scintil lator with the X P - 1 0 2 1 photomultiplier 

was used for electron detection. The source and detectors were placed 

in a "zero-dis tance" geometry. The equipment was tested with the prompt 

coincidences between 25 keV K X - r a y s and K-conversion electrons from 109 the 88 keV E3 transition in Ag. This particular choice matches well 
109 

the energies encountered in the present experiment. With the Cd 

source, the time resolution was 0 . 9 6 ns and the slopes of the coincidence 

distribution showed apparent hal f - l ives of 0 . 1 1 ns and 0 . 2 0 ns for e l e c -
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trons and. y - r a y s , respectively. In a control experiments, im-

proved energy selection was achieved with a long-lens, magnetic 

spectrometer £33 a s electron detector . The experimental delayed-

-coincidence curves have been analyzed by the convolution method 

Ql, 5] with the use of an experimentally determined prompt distribu-

tion. 

The 57 .1 keV level . This level i s fed mainly fe 9 4 % ) by the 

2 9 . 3 keV transition and decays through the 5 7 . 1 keV rotational E2 

transit ion. Coincidence spectra between the 2 9 . 3 keV ^ - rays and 

L 5 7 . 1 conversion electrons were recorded (see F ig . ] ) , and the 

average value obtained from several sets of experiments is 

T.. ,„= 224-10 ps, corresponding to a reduced transition probability 
+ 2 2 B(E2) = 2 . 3 2 - 0 . 1 4 e «b . This value i s based on the conversion 

coefficients of Hager and Se l tzer [6*1 with an assigned e r r o r of 5%. 
2 3 3 Hence, the intrinsic quadrupole moment Q of the Pa ground state •' -

4- Is f 1 /j N, 
i s 9 . 5 - 0 . 3 b, and the formula Q = p ZR £ (l + - P + ~ CZ ) with 

0 . 5 o v 2 ^ 9 ' + 
R = 1 . 2 A- fm finally yields a deformation parameter 8 = 0 . 2 1 1 - 0 . 0 0 5 

° 233 for the ground state of P a . 

R E F E R E N C E S 

1 . R .Kaczarowski , Ph,D T h e s i s , Rep. INR 1655/lA/PL/B, /1976/, 

2 . A. Artna-Cohen, Nucl. Data B6 /1971/225 

3 . J.Kownaoki, J .Bialkowski, M .Moszyriski and A.Piotrowski , 

Nukleonika, 15 /1970/ 641, 

4 . L .Bostrt tm, B . O l s e n , W. Schneider and E .Mathias, Nucl. I n s t r . 

44 /1966/ 61, 

5 . R.ICaczarowski and B . P i e t r z y k , Rep. INR 1422/IA/PL, /1972/, 

6 . R . S .Hager and E . C . Se l tzer , Nucl. Data A9 /1971/ 119. 
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F i g . 1 . Time spectrum of the delayed coincidences between the 

2 9 . 3 keV KJ - r a y s and the L 5 7 . 1 conversion e lec trons . 
109 

The prompt distribution was recorded with a Cd 

source for identical settings of the equipment. 
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GAMMA-RAY STRENGTH FUNCTIONS 

FOR 7 1 , 7 3 ' 7 5 A S I S O T O P E S 

] . P i o t r o w s k i , G . Szef l inska, Z , Szefliriski and Z. Wilhelmi 

Institute of Experimental P h y s i c s , University of Warsaw 

In order to determine the - r a y strength function from meas-

uring the proton-capture c r o s s sections a special procedure was 

applied. On the assumption, that the observed high-energy primary 

transi t ions from an initial compound state X to part icular lower 

states i and k. /both of the same spin and parity/ are of e l e c t r i c -

-dipol type, the following expression may be obtained from the., statis-

t i ca l model of nuclear reac t ions : 

< S p . r i > f i x C E ^ / E f t >P ( l ) 

<****>• f i a G ^ A ^ ' ' 
where ^ ^ p , ^ ^ and ' x ^ p , ^ ) ^ a r e the averaged c r o s s sections 

for the react ions populating two l eve l s , I and I?, 
' l» /V 

and "f a r e s1 :rength functions for decay of states X 5 

at energy E , to states v i and ^ , at energy Eĵ  and Ejj, , r e s -

pectively, and and E are transit ion energies = 

= E i , E ^ t c = E a - E l c > ) . 

Experimental part of this work was performed in the Joint Insti-

tute for Nuclear Research at Dubna. 
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F o r the p u r p o s e of m a k i n g the formula ( l ) applicable to transi-

X tions to states of any I -value we introduced a coefficient Gyp ^ 

which i s defined by the formula: 

_ - r — i ( 2 ) 

/th 
where S'pjg' i s the c r o s s section calculated from the Hauser and 

Feshbach theory, and ^Q . denotes the ground state transit ion. 

With this coefficient a more general expression was obtained: 

y e * ) ^ f 0 X ( E X > d j ^ - ) 5 . ( 3 ) 

The value which denotes the strength function for the 

ground state transition can be taken from other experiments, e . g . 

it can be deduced from the giant dipol Lorentzian ta i l . 

In our experiment the Cpi^) reactions on separated ^ ' ^ ' ^ G e 

isotopes were studied using a Ge(Li) detector . In order to obtain 

an averaged spectrum of the high-energy ^ - rays which populate 

the individual levels of arsenic isotopes, the measurements were 

performed at about 50 values of proton energy being changed in steps 

of the size small enough ( c a 15 kev) to avoid serious smearing of 

the y - ray resolution. 

The energy range of proton beam for the reactions under investiga-

tion i s shown in Table 1 . 

< B W L > 
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T A B L E 1 

Reaction 
Energy range 
of proton beam 

MeV 

Cross section 
^ub 

of 

<^P,ro> / o 

7 0 G e ( p ^ 7 1 A s 3 . 0 - 3 . 9 1 7 - 2 4 . 1 

7 2 G e ( p ^ 7 3 A s 3 . 0 - 3 . 9 1 5 - 2 2 . 5 

74~ f n75 a Ge(p,y) As 2 . 0 - 2 . 8 14 - 2 2 . 6 

The detailed description of averaging the y -spectra has 

been given in ["l]. 

The relative averaged c r o s s sections for population of low lying 

levels in ' ^ ' ^ A s , ^ o ' p ^ ^ y ^ S ' p } ^ are shown in Tables 2 , 3 

and 4 . In the last column the g" - ray strength functions are given, 

calculated from the formula (3*). The averaged ground state c r o s s 

sections, J a s a s the contributions of the P o r t e r -

-Thomas fluctuations to the e r r o r of these c r o s s sections, 

P > & > 
are indicated in the Table 1 . 

v R E F E R E N C E S 

1 . J .P iotrowski , G . Szefliriska, Z . Szeflinski, J1NR, P - 1 5 , -9455, 

Dubna, 1976. 
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/ 

T A B L E II 

71 
Relative g a m m a - r a y intensities and strength functions for A s . 

i 
Level 

energy 
/ keV/ 

Spin and 
parity 

< 6 ' p r o > 

t a ^ o . 
/MeV" J/ 

0 0 5/2" 1 . 0 0 0 ± 0 . 0 5 2 5 . 4 6 " - 0 . 2 8 

i 4 147 
3/2* 

3 / 2 " ' 2 . 7 0 1 ± 0 . 1 1 4 

2 508 5/2* 0 . 7 1 1 ± 0 . 0 5 2 3 .97 t 0 . 2 9 

3 831 3/2" 0 . 8 6 0 ± 0 . 0 5 2 4 . 1 8 t 0 . 2 5 

4 871 ' 5/2" 0 . 5 7 0 ± 0 . 0 3 7 4 . 4 0 ± 0 . 2 8 

5 890 ' 7 / 2 " , 1 / 2 " 0 . 4 1 1 - 0 . 0 4 3 

6 994 3/2" 0 . 8 4 9 - 0 . 0 5 2 4 . 5 8 t 0.28 

7 1008 5/2+ 0 . 6 4 7 - 0 . 0 4 1 4 . 4 5 - 0 . 2 8 

8 1132 5/2+ 0 . 6 0 6 ± 0 . 0 4 3 4 . 4 0 t 0 . 3 1 

S 1247 3/2" 0 . 6 9 0 ± 0 . 0 4 8 4 . 1 6 ± 0 . 2 9 

10 . 1416 3/2" 0 . 5 5 6 ± 0 . 0 4 1 3 . 6 2 - 0 . 2 7 

11 1446 0 . 4 4 2 1" 0 . 0 3 1 

12 1469 3/2" 0 . 6 2 2 t 0 . 0 4 1 4 . 1 4 - 0 . 2 7 

. 1 3 1493 3/2* l/2 + , 5/2" 0 . 3 8 2 ± 0 . 0 3 5 

14 

15d 

1537 

1613 

l / 2 + 

3/2" 
7 / 2 " , 1 / 2 " 

0 . 3 6 8 t 0 . 0 3 1 

0 . 7 2 7 ± 0 . 0 4 8 

3 . 8 5 - 0 . 3 2 

16 1702 < 7 / 2 0 . 2 7 9 - 0 . 0 2 9 

17 1735 7/2+ • 0 . 1 7 2 ± 0 . 0 2 7 4 . 1 4 t 0 . 6 5 

18 1758 3/2" ,5/2 + 0 . 4 0 9 ± 0 . 0 3 5 

19 1831 5/2+ 0 . 3 5 5 - 0 . 0 3 1 3 . 5 6 0 . 3 1 

20 1853 5/2+ 0 . 3 5 1 - 0 . 0 3 1 3 . 5 1 t 0 . 3 0 
! 

d - u n r e s o l v e d doublet 
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T A B L E III 

7 3 
Relative g a m m a - r a y intensities and strength functions for A s 

Level 
energy 

/keV/ 

•Spin and 
parity 

•-

f i x . - I D 
8 

/MeV. / 

0 0 

1 67 

2 84 

3 254 

4 394 

5 428 

6 510 

7 d 577 

8 - 656 

9 769 

10 d 857 

11 886 

12 994 

13d 1082 

14 1190 

15 d 1216 

I 6 d 1302 

17 1324 

18 1-344 

19 1540 

3/2" 

5/2" 

3/2" 

1/2" 

3/2" 

9/2+ 

5/2+ 

1 / 2 " 
5/2" 

1 / 2 " 

1/2"1; 1/2" 3/2+ 

5/2+ 

7/2" 

l/2 + 

7/2" 

7/2" 
3/2" 

3/2" 

3/2" 
• 3/2" 

3/2" 
5/2+ 

3/2+ 

7/2" 

1/2*l/2~ 3/2+ 

1 .000 

0 . 5 3 0 

0 . 9 6 3 

0 . 6 3 1 

0 . 8 1 5 

0.080 
0 .397 

- 0 . 0 3 5 

i0.038 
- 0 . 0 4 2 

- 0 ,034 

- 0 . 0 3 5 

+ 
0 . 0 2 2 

0.028 

0 . 8 5 6 t 0 . 0 4 4 

0 . 5 0 4 

0 .461 

0 . 5 3 5 

0 . 4 8 5 

0 . 1 7 4 

0 . 7 3 0 

0.401 

0.980 

~ 0 . 0 3 3 

t 0 . 0 4 0 

i 0 . 0 3 5 

- 0 . 0 2 8 

i 0 . 0 4 1 

0 . 0 4 0 

i 0 . 0 3 4 

0 . 0 4 4 

0 . 7 2 4 - 0 . 0 4 0 

0 .347 - 0 . 0 3 4 

0 . 1 7 6 t 0 . 0 3 5 

0 . 2 4 6 t o .022 

7 .81 - 0 . 2 7 

9 . 1 8 t 0 . 6 5 

7 . 7 3 - 0 . 3 4 

7 . 8 9 - 0 . 4 2 

7 . 2 7 t 0 . 3 1 

9 . 5 3 i 2 . 6 2 

6 . 8 2 t 0 . 4 8 

7 . 2 4 - 0 .47 

7 . 7 4 - 0 . 4 3 

5 . 5 0 t 1 .29 

5 . 4 6 - 0 . 4 0 

6 . 7 8 t O . b b 

6 . 3 5 - 1 . 2 6 

d - unresolved doublet 
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T A B L E III 

73 
Relative g a m m a - r a y intensities and strength functions for A s 

• 

i 
Level 
energy 
/keV/ 

Spin and 
•parity 

< 6 ' p r o > /MeV"3/ 

0 0 3/2" 1 . 0 0 0 t 0 . 0 3 0 9.28 t0.28 
.1 199 1 / 2 " 0 . 7 1 8 t 0 . 0 2 9 8 . 7 3 - 0 . 3 5 

2 2 6 5 3/2" 0 . 8 3 7 - 0 . 0 3 5 8 . 4 6 t o . 3 5 

3 279 5/2" 0 . 2 9 8 t 0 . 0 2 3 1 2 . 1 1 t 0 . 9 3 

• 4 304 9/2+ 0 . 0 2 2 t 0 . 0 1 3 5 .27 t 3 . 1 2 

5 4 0 1 5/2+ 0 . 2 7 4 t 0 . 0 1 6 6 . 6 9 t 0 . 3 9 

6 4 6 9 l / 2 + , l / 2 " 0 . 5 3 5 - 0 . 0 3 0 

7 5 7 3 5 / 2 " 0 . 2 5 6 t 0 . 0 1 7 11 .47 - 0 . 7 6 

8 619 1 / 2 " 0 . 5 8 7 - 0 . 0 3 2 8 . 2 2 t 0 . 4 5 

9 8 2 2 7/2+ 0 . 0 2 8 t 0 . 0 1 7 7 . 4 2 t 4 . 5 0 

1 0 8 6 1 l / 2 + 0 . 4 5 2 t 0 . 0 2 5 8 . 7 3 - 0 . 4 8 

1 1 8 8 6 7/2" 0 . 0 9 9 - 0 . 0 1 4 6 . 5 0 t 0 . 9 2 

1 2 " 1044 7/2+ 0 . 0 2 9 i 0 . 0 1 7 8 .31 t 4 . 8 7 

13 1075 3/2" 0 . 5 1 3 - 0 . 0 2 5 6 . 8 5 i 0 . 3 3 

14 1129 1/2" 0 . 4 2 1 t 0 . 0 2 1 7 . 0 5 - 0 . 3 5 

15 1204 1 / 2 " 0 . 4 1 9 ^ 0 . 0 2 2 7 . 2 1 t 0 . 3 8 

1 6 1264 3/2+ ,5/2+ 0 . 2 2 1 t 0 . 0 2 1 

17 1351 3/2" 0 . 4 5 1 - 0 . 0 2 4 6 . 6 7 i 0 , 3 5 

1 8 1371 7/2" 0 . 0 6 4 - 0 . 0 2 1 5 . 0 1 t 1 . 6 4 . 

19 1433 3/2" 0 . 4 4 7 ^ 0 . 0 2 4 6 . 8 1 t 0 . 3 6 

2 0 1504 3/2+ 0 . 2 0 5 t 0 . 0 2 3 5 . 5 2 t 0 . 6 2 

21- 1 6 0 6 3/2" 0 . 4 4 2 t 0 . 0 2 5 7 . 2 0 t 0 . 4 1 

2 2 1874 3/2" 0 . 3 4 1 - 0 . 0 3 0 6 .17 - 0 . 5 4 

23 

24 d 

2069 3/2" 
1 / 2 " 
1 / 2 " 

0 . 2 9 7 - 0 . 0 2 3 

0 . 4 2 1 - 0 . 0 3 8 

5 . 8 1 t 0 . 4 5 

d - u n r e s o l v e d doublet 
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ANALYZING POWER FOR 1 2 c ( 6 L i , d ) l 6 0 REACTIONS MEASURED 
c 

A T . 2 0 . 0 MeV USING A VECTOR-POLARIZED L i BEAM 

Maria Makowska-Rzeszutko 

Institute of Nuclear Phys ics , Cracow, Poland 

P .Ege lhof , D .Kassen , E . S t e f f e n s , W.Weiss , D . E i c k 

Max-Planck-In stitut ftir Kernphysik, Heidelberg, FRG 

W.Dreves 

I . Institut fttr Experimentalphysik, Hamburg, FRG 

Experimental data were obtained using the Heidelberg polarized 

lithium beam ( l ) at the EN-Tandem. Beam polarization i s known to 

be P = /O.63 - 0.03/ and relative polarization was continuously mo-

nitored during the experiment. Data were gathered in successive runs 

with polarized and unpolarized beams, by two symmetric counter t e l e -

scopes in a conventional scattering chamber. Spectra were accumula-

ted with an on-line computer in two-dimensional matrices each of 

512x128 c e l l s , and extracted one-dimensional spectra had energy 

resolution better than 200 keV. 

• 1 2 ( 6 - * - ' M 6 The results of analyzing power for Cv. Li,dy O reactions to 

discrete final states are presented in the following tables . The e r r o r s 

quoted are statistical only. The angles are given in the CM system. F o r 

an unpolarized beam the measured c r o s s - s e c t i o n s are in good agreement 

with previously published results (2"). 

R E F E R E N C E S 

1 . E . S t e f f e n s , W.Dreves , H.Ebinghaus, M.Ktthne, F . F i e d l e r , P .Egelhof, 

G .Engelhardt, D.Kassen, R. Sch&fer,W. Weiss, D. F i c k ; Nucl . Instr .Meth. , 

143 /1977/409, 

2 . K . M e i e r - E w e r t , K .Bethge, K .O . Pfeiffer; Nuol.Ph.ys. A 110 /1968/ 142. 
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T A B L E I T A B L E II 

1 2 c ( 6 L r , d y 6 o e . s . . 
1 2 c ( 6 L i , d ) O, final states 

final state O.OOMeV o + 6 .05MeV, o + and 6 . 1 3 M e V , 3 " 

o[deg] Asymmetry - E r r o r ©•[deg] Asymmetry + T? - E r r o r 

18 .1 .388 .190 1 8 . 8 .134 .054 
2 4 . 1 .350 .179 2 5 . 0 .254 .056 .350 .179 

3 1 . 2 .078 .064 
3 0 . 1 .375 .187 3 7 . 3 .140 .059 
3 6 . 0 .234 .166 4 3 . 4 .026 .058 

4 1 . 9 

.234 
4 9 . 5 - . 0 5 3 .057 

4 1 . 9 - . 1 5 0 .133 5 5 . 4 - . 2 1 5 .050 
4 7 . 9 - ; 3 3 5 .101 6 1 . 3 - . 2 6 6 .076 - ; 3 3 5 

.086 
6 7 . 1 - . 2 1 9 .071 

5 3 . 9 - . 3 8 8 .086 7 2 . 8 .044 .076 
5 9 . 3 - . 0 8 8 .129 " 7 8 . 4 .013 .064 

6 4 . 9 

- . 0 8 8 .129 
8 3 . 9 - . 0 9 6 .071 

6 4 . 9 .241 .152 8 9 . 3 - . 0 9 0 .067 
7 0 . 5 .270 • .146 9 4 . 6 • .042 .118 

7 6 . 0 

• .146 
9 9 . 7 .030 .126 

7 6 . 0 .539 .117 1 0 4 . 8 .179 .071 
8 1 . 4 - . 1 1 8 .189 109 .7 - . 0 1 8 .076 

8 6 . 7 

- . 1 1 8 .189 
1 1 4 . 6 • - . 0 5 1 .092 

8 6 . 7 - . 0 7 4 .152 1 1 9 . 3 - . 0 0 7 .075 
9 2 . 0 - . 3 4 1 .233 123 .9 .122 .101 - . 3 4 1 .233 

1 2 8 . 4 .078 .099 
9 7 . 1 .028 .313 1 3 2 . 3 .235 .089 

102 .1 .483 ' .171 137 .1 .513 .070 .483 ' .171 
1 4 1 . 3 .334 .076 

107 .1 .679 .152 1 4 5 . 4 .503 .058 
1 1 2 . 0 .412 .264 1 4 9 . 5 .438 .059 1 1 2 . 0 .412 

1 5 3 . 4 .256 ,067 
116 .7 .130 .211 1 5 7 . 3 .402 • .060 
1 2 1 . 4 - . 1 7 6 .290 161 .2 .295 .068 
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Table III Table IV 

1 2 C ( 6 L M :0 , final 
12 \ 16 

L i ,d ) . O, final 

state 6 . 9 2 MeV, 2 state 7 .12 MeV, 1 

©fdegl Asymetry - E r r o r [deg"3 Asymetry - E r r o r 

' 18 .9 - . 0 7 6 .048 1 8 . 9 ' - . 0 6 9 .119 
2 5 . 2 - . 1 2 2 .053 2 5 . 2 - . 3 1 6 .103 
3 1 . 4 - . 0 9 8 .064 3 1 . 5 - . 2 2 7 .113 
3 7 . 6 - . 0 3 2 .060 3 7 . 6 - 0 . 7 8 .100 
4 3 . 7 - . 1 3 8 .055 4 3 . 8 - . 2 3 2 .098 
4 9 . 8 - . 1 2 8 .060 4 9 . 8 - . 1 1 4 .107 
5 5 . 7 - . 1 5 3 .079 5 5 . 8 - . 2 2 6 .124 
6 1 . 7 .122 .110 6 1 . 8 .179 .150 
6 7 . 5 .071 .078 6 7 . 6 .326 .138 
7 3 . 2 .049 .065 7 3 . 3 .181 .133 
7 8 . 8 - . 0 6 7 .057 7 8 . 9 .109 .130 
8 4 . 3 - . 2 6 4 .065 84/5 . - . 2 6 8 .129 
8 9 . 8 - . 3 7 2 .060 8 9 . 9 - . 2 6 6 .100 
9 5 . 1 - . 3 0 1 .105 9 5 . 2 - . 3 4 3 .161 

1 0 0 . 2 - .200 .108 1 0 0 . 4 - . 2 5 1 .169 
1 0 5 . 3 - . 2 2 3 .071 1 0 5 . 4 - . 0 8 9 .129 
1 1 0 . 2 - . 0 7 0 .068 1 1 0 . 4 - . 1 4 6 .129 
115 .1 - . 1 1 8 .092 115 .2 .122 .174 
1 1 9 . 8 - . 1 8 8 .074 119 .9 .161 .154 
1 2 4 . 3 .000 .102 1 2 4 . 5 .233 .196 
1 3 3 . 2 .246 .101 1 3 3 . 3 . .093 .198 
1 3 7 . 5 .295 .093 1 3 7 . 6 .077 .169 . 
141 .7 .329 .080 1 4 1 . 8 - . 0 3 1 .140 
145 .7 .365 .068 1 4 5 . 8 .091 .125 
1 4 9 . 8 .374 .065 1 4 9 . 8 .078 .130 
153 .7 .363 .062 1 5 3 . 8 .247 .107 
1 5 7 . 6 .403 .061 157 .6 .476 .097 
1 6 1 . 4 .245 .066 1 6 1 . 5 .332 .099 
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Table V 

1 2 c ( 6 £ , d ) l 6 0 ; final 
state 8 . 8 7 MeV, 2" 

"^Cdegl Asymetryt E r r o r •9 [deg] Asymetry + T-. - E r r o r 

2 5 . 7 .070 . .096 106 .7 .102 .115 
3 2 . 0 .067 .110 111.7 .075 .114 
3 8 . 3 .093 .118 116 .5 .138 .148 

4 4 . 5 - .117 .123 121 .2 .333 .113 
50 .7 .005 .130 125.7 - . 073 .156 
5 6 . 8 - .143, .132 - 130 .1 .426 • .157 
6 2 . 7 - . 0 2 4 .145 1 3 4 . 4 .285 ,199 
6 3 . 6 - .137 .124 " 1 3 3 . 6 ' .444 .157 

7 4 . 4 - .121 .118 ' 142.7 .053 .173 
8 0 . 1 - .351 .089 146 .8 .291 ' .148 

C
O

 

.027 .110 150 .7 .282 .142 
9 1 . 2 .068 .095 154 .5 .191 .141 
9 6 . 5 .229 .151 1 5 8 . 3 .118 .124 

1 0 0 . 4 .199 .155 162 .0 .244 .116 
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Table VI Table Vll 

1 2 d 6 L i , d) l 6 0 , final - \ 1 6 0 , final 

state 1 0 . 3 4 MeV, 4 + state 11 .08 MeV, 3 + 

(not resolved from 10 35MeV) (not re solved from 11 . 10 MeV,4+ 

•0 [deg] Asymmetry - E r r o r « [degl A symmetry - E r r o r 

8 7 . 0 .077 .049 103 .9 - . 0 1 1 .077 . 

9 2 . 5 .017 
/ 

.043 1 0 9 . 0 - . 0 8 6 .054 

9 7 . 9 .079 .067 . 
113 .9 .028 .057 

103 .1 .005 .06 7 
118 .7 - . 0 9 0 .080 

108 .1 .059 .048 

113 .1 .101 .049 1 2 3 . 4 .129 .064 

117 .9 .145 .067 1 2 7 . 8 .157 .086 

' 1 2 2 . 5 .191 .056 132 .2 .131 .096 

127 .0 .079 .077 i 1 3 6 . 4 .239 .095 
131.4- .271 .088 

135 .6 .294 .084 1 4 0 . 5 .028 .095 

1 3 9 . 8 .334 .031 1 4 4 . 5 . .072 .082 

1 4 3 . 6 .376 .073 1 4 8 . 3 .032 .075 
147 .7 . 4 1 4 .062 

152 .1 . 0 7 3 .072 
1 5 1 . 5 .370 .065 1 5 5 . 8 .098 .071 
1 5 5 . 3 .342 .061 

159 .0 .451 .054 1 5 9 . 4 .041 .073 

1 6 2 . 6 .308 .057 1 6 2 . 9 .069 .075 
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INVESTIGATION OF 1 2 c ( ° l T , alpha") U N REACTIONS AT 2 0 . 0 MeV 

V SING A VECTOR-POLARIZED 6 L i BEAM 

Maria Makowska-Rzeszutko 

Institute of Nuclear P h y s i c s , Cracow, Poland 

P . E g e l h o f , D . K a s s e n , E . S t e f f e n s , W . W e i s s , D . F i c k 

Max-Planck-Inst i tut fur Kernphysik, Heidelberg, FRG 

W. Dreve s 

1. Institut fur Experimentalphysik,Hamburg, FRG 

The alpha) ^ N t r a n s f e r channel was experimentally in-

vestigated with a polarized lithium beam /1/. The measurements were 

performed with the same experimental technique as that used in 
12 /6~5sp- N16 

C( L i , d ) 0 
measurements / see contribution to the P r o g r e s s 

Report/ . The energy resolution dependended somewhat on the detecting 

angle and was always bet ter than 200 keV, hence transit ions to 4.91MeV 

and 5 . 1 1 MeV were resolved. The c r o s s - s e c t i o n measurements were 

more res t r i c t ive than the asymmetry measurements. As levels of excita-

tion energy around 9 MeV were not resolved, the c r o s s - s e c t i o n was 

obtained for the whole unresolved peak. The analyzing power was meas-

ured separately for each component] separately for alpha particles 

corresponding to levels 8 . 9 0 7 + 8,,963 + 8 . 9 7 9 MeV, and to levels 

9 . 1 2 9 + 9 . 1 7 2 MeV. 

The resul ts of measurements are presented in the following tables. 

The angles are given in the CM system. The cross-sections, are given 

in a r b i t r a r y units of approximately 0 . 1 mb/ sr .The e r r o r s of c r o s s - s e c -14 
tions are s tat is t ical only. F o r low-lying states of N nucleus, the 

e r r o r s of asymmetry are stat ist ical only. F o r t ransi t ions to 8 . 4 9 MeV 

level and the higher excited levels the e r r o r s contain also systematic 
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e r r o r s due to the uncertainty of background. The uncertainty of 

continuous background of spectra of alpha-outgoing part ic les was 

estimated to be 10%. 

REFERENCES ' 

1 . E . S t e f f e n s , W . D r e v e s , H.Ebinghaus, MJCBhne, F . F i e d l e r , 

P .Ege lhof , G .Engelhardt, D .Kassen , R .SchHJer , W . W e i s s , 

D . F i c k , N u c l . I n s t r . M e t h . 1 4 3 /1977/ 409 
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Table I 

1 2 c ( 6 L i , alpha") U N • , final state 0 . 0 0 MeV, 1 + 

e 
&eg] Asymmetry 

+ 
- E r r o r C r o s s - s e c . + E r r o r 

[[arbitrary unit^ 

19.4- .175 .039 .0847 .0023 
2 5 . 8 .041 .050 .0511 .0018 
3 2 . 1 .115 .097 .0125 .0009 
3 8 . 4 .165 .109 • .0199 .0015 
4-4.7 .013 .086 .0276 . 0 0 1 6 
5 0 . 9 .225 .106 .0133 .0010 
5 7 . 0 .137 .104 .0151 .0011 
6 3 . 0 - . 2 3 8 .101". .0169 .0013 
6 8 . 9 .216 .094 .0146 .0010 
7 4 . 7 .284 .076 .0268 .0014 
8 0 . 4 .180 .056 .0408 .0015 
8 6 . 0 .261 .059 .0409 .0018 
9 1 . 5 .375 .049 .0368 .0014 
9 6 . 8 .615 .052 .0490 " .0025 

102 .0 .542 .056 .0557 .0027 
107 .1 .335 .052 .0487 .0018 
1 1 2 , 0 .215 • .056 .0430 .0018 
1 1 6 . 8 .443 .063 .0428 .0022 
1 2 1 . 5 .645 .047 .0446 .0021 
1 2 6 . 0 .524 .072 .0419 . .0025 
1 3 0 . 4 .142 .109 .0361 .0027 
134 .7 - . 2 2 9 .092 .0470 .0031 
138 .9 .332 .083 .0515 .0032 
1 4 3 . 0 .389 .075 .0566 .0033 
147 .0 .303 .085 .0435 .0027 
150 .9 .016 .104 .0361 .0025 
154 .7 - . 2 5 5 .089 .0451- .0029 
1 5 8 . 4 - . 0 9 2 .075 .0650 .0035 
162 .1 .0727 .0032 
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Table II 

i 2 c ( 6 T X o c y v final state 3 . 9 5 M e V , l + 

* [de i ] " Asymmetry + T - b r r o r 

1 9 . 8 . 1 0 7 - . 0 4 9 

2 6 . 4 . 4 5 1 . 0 4 4 

3 2 . 5 . 2 6 0 • . 0 3 2 . 

3 9 . 3 . 1 1 2 . 0 6 9 

4 5 . 7 - . 2 9 7 - .111 

5 2 . 0 . 3 2 7 . 0 7 0 

5 8 . 2 - . 2 6 9 . 0 6 0 

6 4 . 4 - . 3 0 5 , 0 7 7 

7 0 . 4 . 2 2 2 . 0 6 6 

7 6 . 3 . 1 8 4 . 0 5 1 

8 2 . 1 - . 1 5 8 . 0 5 2 

8 7 . 7 - . 0 4 8 . 0 8 9 

9 3 . 2 - . 0 2 3 . 0 7 7 

' 9 8 . 6 - - . 1 8 1 . 0 9 3 

1 0 3 . 8 - . 0 6 3 . 1 2 0 

1 0 8 . 9 . 0 5 6 . 1 1 8 

1 1 3 . 8 - . 1 7 6 . 0 8 9 

1 1 8 . 6 . 0 6 0 . 1 0 4 

1 2 3 . 2 . 5 6 1 . 0 8 2 

1 2 7 . 7 . 4 9 3 . 1 2 3 

1 3 2 . 1 . - . 5 6 1 . 1 1 3 

1 3 6 . 3 - . 5 6 2 . 0 9 3 
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Table III 

CC L i , alpha) N, final state 4 , 9 1 M e V , 0 

& 
[degl Asymmetry - E r r o r C r o s s - s e c t E r r o r 

£ arbi trary unit"} 

1 9 . 9 .498 • , .059 8 . 6 7 .50 

2 6 . 5 .246 .042 7 . 4 5 .30 

3 2 . 9 .392 .052 3 . 3 6 .20 

3 9 . 6 .182 .115 2 . 2 2 1 . 1 3 

4-6.0 - . 4 7 2 ,082 2 . 0 1 .13 

5 2 . 4 - . 8 7 1 .101 .225 .042 

5 8 . 6 - . 6 7 2 .076 1 . 4 2 .10 

6 4 . 8 - . 7 2 0 .049 2 . 8 2 .16 

7 0 . 8 . 1 4 2 .102 1 . 8 5 .11 

7 6 . 8 .477 .109 1 . 4 4 .10 

8 2 . 6 .217 .078 2 . 6 3 .12 

8 8 . 2 .237 .087 2 . 5 1 .14 

9 3 . 8 .310 .180 .612 .056 

9 9 . 1 .364 - .226 ., .770 .099 

1 0 4 . 4 .322 .172 1 . 3 8 .14 

1 0 9 . 5 .583 .091 1 . 6 1 .11 

1 1 4 . 4 .890 .067 .731 .076 

119 .1 .782 .149 . 4 1 0 .070 

1 2 3 . 8 - . 5 7 2 .167 .600 .078 

1 2 8 . 2 , .726 .211 
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12 /G-9®- M Z 
C^ L i , alpha) N, final state 5 . 1 1 MeV,2 

<0-
Cdegl 

Asymmetry t E r r o r C r o s s - s e c . t 
{^arbitrary 

E r r o r 
unitj 

2 0 . 0 - . 010 .040 1 0 . 5 5 , 5 6 

2 6 . 6 - . 2 1 8 .047 9 . 6 6 . 3 4 

3 3 . 1 - .422 .052 3 . 9 8 .22 

3 9 . 6 - . 436 .103 6 . 0 5 .25 

4 6 . 1 - . 190 .058 8 . 0 3 .27 

5 2 . 4 - .009 .072 4 . 3 8 .18 

5 8 . 7 .127 .077 2 . 7 8 .14 

6 4 . 9 .070 .075 3 . 8 4 .19 

7 0 . 9 r . o i o .079 3 . 9 3 .16 

7 6 . 9 .096 .086 3 . 1 8 .15 

8 2 . 7 - . 1 8 8 " .081 2 . 4 9 .12 

- 8 8 . 3 .074 .084 3 . 2 6 .16 

9 3 . 9 .579 .049 3 . 6 5 .14 

9 9 , 3 .525 .088 3 . 0 4 .20 

1 0 4 . 5 .572 .094 • 2 . 4 9 .18 

1 0 9 . 6 .501 .112 2.17: .12 

1 1 4 . 5 .320 .087 2 . 9 2 .15 

1 1 9 . 3 .248 .085 3 . 9 5 .22 

123 .9 - . 026 .074 5 . 7 4 . 24 

1 2 8 . 3 - . 006 .108 5 . 5 0 .29 
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Table V Table VI 
1 2 c ( 6 Li ,oC) "^N, f inal • 1 2 c ( ^ o c y s , final 

state 5 . 6 9 MeV, 1 " 
** 

state 5 . 8 3 MeV, 3 " 

<Q> [d eg] Asymmetry E r r o r [deg"] Asymmetry E r r o r 

2 0 . 1 - . 2 5 3 .058 2 0 . 1 .093 .065 

•26.7 - . 2 9 2 .052 2 6 . 7 .078 .095 
: 3 3 . 1 .301 .078 3 3 . 3 .051 .055 

3 9 . 8 - . 0 1 4 .017 3 9 . 9 - .088 .080 

4 6 . 3 - . 4 5 0 .100 4 6 . 3 .014 .091 

. 5 2 . 7 .049 .196 5 2 . 7 .067 .033 

5 8 . 9 - . 3 2 4 .129 5 9 . 0 -.257 .091 
6 5 . 1 - . 0 3 9 .117 6 5 . 2 - .245 .094 
7 1 . 2 .100 .111 

7 1 . 3 - .066 .081 
7 7 . 2 - . 1 1 9 .139 

8 3 . 0 .240 .333 7 7 . 2 .007 .116 

8 8 . 7 .000 .125 ,83.1 -.249 .073 

9 4 . 2 - . 4 0 0 .115 8 8 . 8 -.588 , .095 

9 9 . 6 - . 3 7 6 .197 9 4 . 3 -.306 .289 

1 0 4 . 9 .446 .161 9 9 . 7 -.309 .168 

109 .9 .222 .143 104 .9 -.307 .134 

114 .9 - .227 .125 1 1 0 . 0 -.481 .102 

1 1 9 . 6 - . 1 2 0 .241 114 .9 -.438 .119 

1 2 4 . 2 .449 .177 119 .7 -.030 .138 

128 .7 .161 .285 1 2 4 . 3 .105 .247 
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Table VII 

1 2 c ( e ' Li", alpha") 14'N , final state 6 . 2 0 MeV, 1 + 

•Q-
[degl Asymmetry - E r r o r 

~ + 

C r o s s - s e c -
{^arbitrary 

E r r o r 
unit} 

2 0 . 1 - . 331 .031 2 1 . 3 1 .50 
2 6 . 8 - . 329 .061 6 . 0 6 .27 
3 3 . 3 - . 2 5 6 . .035 18 .89 . 34 
4 0 . 0 - .181 .053 8 . 2 2 .29 
4 6 . 5 

* 
- . 1 5 8 ' .086 3 . 1 7 .17 

5 2 . 9 - . 5 4 6 .049 4 . 1 1 .18 
5 9 . 2 - . 3 4 9 .067 2 . 8 3 . 1 4 
6 5 . 4 .013 .115 2 .64 . .16 
7 1 . 5 .263 .080 . 2 . 4 4 .13 
77»4 .204 .134 2 . 2 6 .13 
8 3 . 3 - . 2 3 3 .069 3 . 1 2 . 1 3 
8 9 . 0 - . 2 6 0 .081 2 . 6 2 .14 
9 4 . 9 - . 0 4 0 .096 1.95. .10 
9 9 . 9 .053 . 106 3 . 1 2 .20 

105 .2 - . 0 0 8 .082 4 . 7 0 .25 
1 1 0 . 3 - . 1 2 4 .057 5 . 0 6 .19 
1 1 5 . 3 - . 1 8 0 .078 3 . 9 8 .17-
1 1 9 . 9 - . 3 8 4 .085 3 . 5 9 • .21 
1 2 4 . 5 .007 .119 • 3 . 7 3 .41 
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Table VIII 

1 2 c < ^ L i , alpha. \ 1 4 / N, final stc i t e 6 . 4 4 M e V , 3 + 

- e 

C d e i ] -
Asymmeti-y t E r r o r C r o s s - s e c . 

[ a rb i t rary 

+ ~ 
- E r r o r 
unit^ 

2 0 . 2 - . 0 2 6 . 0 4 3 1 4 . 4 3 . 4 1 

2 6 . 9 - . 4 1 4 . 0 2 2 1 9 . 5 8 . 3 4 

3 3 . 5 - . 3 7 6 . 0 2 3 1 8 . 6 3 . 3 3 

4 0 . 0 . 0 5 8 . 0 4 5 1 0 . 6 2 . 3 2 

4 6 . 5 . 1 9 7 . 0 3 4 1 5 . 6 8 . 3 7 

5 3 . 0 - . 0 2 5 . 0 3 9 1 2 . 1 0 . 3 0 

5 9 . 3 - . 1 1 1 . 0 5 4 5 . 6 4 . 2 0 

6 5 . 5 . 0 0 2 . 0 5 8 6 . 3 9 . 2 5 

7 1 . 6 - . 0 4 4 . 0 4 7 7 . 0 1 . 2 2 ' 

7 7 . 6 - . 1 2 7 . 0 5 6 4 . 5 4 . 1 8 

8 3 . 4 - . 0 0 8 . 0 5 5 5 . 1 8 . 1 7 

8 9 . 1 . 3 6 5 . 0 5 3 " 8 . 5 7 . 2 5 

9 4 . 7 . 4 9 2 . 0 3 1 1 1 . 2 6 . 2 4 

1 0 0 . 1 . 3 8 0 . . 0 4 9 1 0 . 5 4 . 3 6 

1 0 5 . 3 . 3 4 8 . 0 5 9 8 . 3 2 . 3 3 

1 1 0 . 4 . 4 1 7 . 0 5 8 7 . 7 8 . 2 3 

1 1 5 . 3 . 5 8 4 . 0 4 4 ; 8 . 6 0 . 2 5 

1 2 0 . 1 ' . 6 1 4 . 0 3 9 1 1 . 0 5 . 3 7 

1 2 4 . 7 . 5 3 3 . 1 2 7 6 . 2 8 . 5 5 
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Table IX Table X 

U N , final 1 2 c ( 6 r i , o C ) U N , final 

state 7 . 0 3 M e V . 2 + state 7 . 9 7 MeV , 2 " 

[deg] Asymmetry - E r r o r [d< 2g! Asymmetry ^ E r r o r 

2 0 . 3 .223 .03 8 2 0 . 5 - .073 .052 

2 7 . 0 .060 0 . 5 7 2 7 . 2 .093 .048 
3 3 . 6 - . 4 7 4 .057 3 3 . 9 - .156 .052 
4-0.2 - . 3 5 8 .081 4 0 . 6 - .413 .116 
4 6 . 8 .027 .108 •47.2 - .036 .109 
53 .2 - . 2 3 0 .112 

5 3 . 7 . - .122 .078 
5 9 . 6 - . 4 4 8 .069 

6 5 . 8 - . 3 1 4 .078 6 0 . 1 - .112 .084 

7 1 . 9 .148 .086 6 6 . 3 .274 .102 

7 7 . 9 - . 0 0 9 .113 7 2 . 5 .555 .071 . 

8 3 . 8 .143 .119 7 8 . 5 .369 .085 

8 9 . 5 .037 .098 8 4 . 4 .•454 .088 

9 5 . 1 .403 .081 9 0 . 2 .561 .086 

1 0 0 . 5 .363 . 154 9 5 . 8 .432 .143 
1 0 5 . 8 - . 002 .153 1 0 1 . 2 .436 .167 

1 1 0 . 8 .122 .106 1 0 6 . 5 .440 .120 

1 1 5 . 8 .071 .092 1 1 1 . 5 .257 .118 

1 2 0 . 5 .102 .189 1 1 6 . 5 .283 .221 
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Table XI 

1 2 c ( 6 i X o C ) 1 4 N , final 

state 8 . 4 9 MeV,/4"/ 

fQ [deg] Asymmetry - E r r o r -6- [deg} Asymmetry t E r r o r 

2 0 . 6 .179 .066 2 0 . 7 .083 .020 

' 2 7 . 4 .137 , .061 2 7 . 5 - . 2 4 6 .029 

3 4 . 1 .241 .052 3 4 . 3 - . 231 .022 

4 0 . 8 ' .232 .061 ~ t 4 1 . 0 .058 .038 

4 7 . 4 .102 .071 . . 4 7 . 6 - . 0 6 3 .034 

5 3 . 9 - . 1 7 8 .074 5 4 . 2 - . 3 1 6 .032 

6 0 . 3 - .139 .059 6 0 , 6 " .081 .042 
6 6 . 7 - .060 .066 6 7 . 0 .032 .052 
7 2 . 9 - .190 .061 7 3 . 2 - . 3 0 6 .043 
7 8 . 9 - .042 .077 7 9 . 3 - . 2 7 8 .048 
8 4 . 8 - - .253 .072 8 5 . 2 .243 .048 
9 0 . 6 / - . 2 5 9 .070 9 1 . 0 .347 .045 
9 6 . 2 - .341 .062 

1 0 1 . 6 - .189 .108 , 9 6 . 6 - . 1 8 1 .036 

106 .9 - .215 .091 102 .0 - . 2 2 5 .056 

1 1 2 . 0 - .004 .086 1 0 7 . 3 - . 2 9 6 .066 

Table Xll 

1 2 c ( 6 a i , alpha) ^ N , 

final states 

8 , 9 6 MeV,5+and 8 . 9 8 M e V , 2 + 

(not resolved from 8.91 MeV, 3 " ) 
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Table XIII 

Asymmetry for ^ L i , alpha) ^ N transition to 9 . 1 3 MeV,2 

state. The state 9 . 1 3 MeV,2 was not resolved from the state 

9 . 1 7 M e V , 2 + . 

Cross-sec t ion for ^Li ,a lpha) ^ N reactions leading to 

8 . 9 1 , 8 . 9 6 , . 8 . 9 8 , 9 . 1 3 and 9 . 1 7 MeV states . 

\ 

[degl 
Asymmetry + T-- E r r o r [deg] 

C r o s s - s e c . 
£ arbi trary 

+ TT 
- E r r o r 
unit^ 

2 0 . 7 - . 0 9 .09 2 0 . 7 51 .61 .59 

2 7 . 5 - . 1 4 .13 2 7 . 5 4 4 . 5 8 .79 

3 4 . 3 . - . 1 5 .10 3 4 . 3 3 0 . 2 8 .46 

4 1 . 1 -.\23 .12 4 1 . 0 18 .96 .47 

4 7 . 7 .20 .12 4 7 . 6 19 .97 . 44 

5 4 . 3 . . 2 4 .13 . 5 4 . 2 16 .97 .39 

6 0 . 7 5 .22 .10 6 0 . 6 1 1 . 8 0 .31 

6 7 . 1 .40 .12 6 7 . 0 12 .29 .36 

7 3 . 3 , . 16 .11 7 3 . 2 16 .51 .42 

, 7 9 . 4 .23 .08 7 9 . 3 1 0 . 8 3 .28 

85'. 35 .25 .08 8 5 . 2 10 .27 .27 

9 1 . 1 5 .13 .13 9 1 . 0 12 .77 .31 

9 6 . 7 5 .39 .10 9 6 . 6 7 1 3 . 5 2 .28 

1 0 2 . 2 - . 0 4 .19 102 .1 14 .40 .45 

107 .45 - . 0 6 .18 107 .37 1 1 . 3 5 1 . 1 7 
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Table XIV » 

1 2 c ( 6 L i " , a l p h a > ) U N , f i n a l state 9 . 3 9 MeV, 2 

& 
C^eg] 

A symmetry + r, - E r r o r C r o s s - s e c . 
£ arbi trary 

+ TT 
- E r r o r 
unit 3 

2 0 . 8 .019 .064 1 1 . 4 5 .33 

2 7 . 6 .197 .068 

3 4 . 4 - . 1 8 9 .055 7 . 8 4 .26 

4 1 . 2 - . 3 6 4 .082 4 . 9 8 .25 

4 7 . 8 - .320 .102 3 . 3 0 .23 

5 4 . 4 - . 1 6 7 .080 3 . 7 4 .21 

6 0 . 9 - . 1 2 3 .077 3 . 6 6 .19 

6 7 . 3 .131 .084 3 . 7 0 .22 . 

7 3 . 5 .047 .095 2 . 7 9 .17 

7 9 . 6 .270 . 074 3 . 4 0 .17 . 

8 5 . 5 .350 .063 3 . 5 8 .17 

9 1 . 3 .350 .089 2 . 6 6 . 1 8 

9 7 . 0 .197 .107 1 . 7 7 . 1 3 

1 0 2 . 4 1 . 9 1 .48 

107 .7 3 . 2 3 .39 
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T a b l e X V I 

12 14 
CV. Li ,a lphaJ N 

final state s 

1 0 . 0 6 MeV and 10 .10 MeV 

'Q [deg"] Asymmetry - E r r o r [deg] A symmetry - E r r o r 

2 0 . 8 .070 .060 2 0 . 9 .059 .113 
2 7 . 7 .047 .070 2 7 . 8 - . 1 2 6 -.078 

3 4 . 5 .058 .056 3 4 . 7 - . 1 7 5 _ .063 

4 1 . 3 t .175 .122 4 1 . 5 - . 1 0 2 .082 

4 8 . 0 - . 096 . 0 9 3 4 8 . 2 .117 .109 
5 4 . 6 - . 374 .079 5 4 . 8 .051 .096 

6 1 . 1 - . 2 8 3 .105 ' 6 1 . 4 . .024 .079 

6 7 . 5 .139 .099 6 7 . 8 .099 . 0 7 1 
7 3 . 7 .129 .080 7 4 . 1 .085 .078 
7 9 . 8 .030 .079 8 0 . 2 - . 099 .082 
8 5 . 8 - .239 .145 8 6 . 2 - . 240 .098 

9 1 . 6 .354 .173 9 2 . 0 .050 .108 

9 7 . 3 . 114 . .102 9 7 . 6 - . 055 .097 

102 .7 - .197 .196 103 .1 - . 286 .103 

T a b l e X V 

1 2C ( 6LT ,CC V 4 N , final 

state 9 . 7 0 MeV,' 1 + 



7 0 

Table XVII 

1 2 c ( 6 f t , alpha) final state 10 .81 M e V , 4 + 

[deg] Asymmetry - E r r o r C r o s r s e c . 
[ [arbitrary 

- E r r o r 
unit] 

2 1 . 1 .034 i—»
 

U>
 

' • 9 . 3 9 .39 
2 8 . 1 .125 .097 8 . 7 6 , 5 3 
3 5 . 0 .017 .086 7 . 9 4 . .30 
4 1 . 9 .086 .110 Ul

 
• CD

 
. 35 

4 8 . 6 .248 .112 4 . 7 2 .29 

5 3 . 3 .409 .080 3 . 9 6 .26 

6 1 . 9 .128 .067 4 . 1 8 .20 

6 8 . 3 .094 .081 4 . 4 1 .26 

7 4 . 7 .189 .083 4 . 2 6 .21 

8 0 . 9 .268 .078 3 . 8 8 .20 

8 9 . 9 .258 .099 2 . 4 6 .16 

9 2 . 7 .143 .107 3 . 2 9 .21 

9 8 . 4 . 298 . .159 2 . 7 6 .28 
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1 5 5 
oC - INDUCED REACTIONS ON Gd 

TARGET IN THE ENERGY RANGE 47 MeV - 130 MeV 

D. Chmielewska, Z .Su jkowski 

Institute for Nuclear R e s e a r c h IBJ , 

0 5 - 4 0 0 , Swierk ,Poland 

J . F . W . J a n s e n , W . J . O c k e l s and M . J . A . de Voigt 

K e m f y s i s c h V e r s n e l l e r Instituut K . V . I . 

Gronin.gen, The Netherlands 

« 

This paper presents tables containing a complete l ist of energies 

and intensi t ies of gamma transi t ions observed in oC - induced reactions 
155 

with Gd target in the energy range betv/een 47 MeV and 130 MeV. 
155 

Enr iched, self supporting metallic target of Gd was bombarded with 

alpha p a r t i c l e s from the 280 cm. diameter AVF Groningen cyclotron. 

The gamma - ray spectra obtained in the experiments were analysed 

with'the code " S A M P O " on the " C Y B E R 7 2 " CDC computer in Swierk . 

The gamma - ray intensi t ies are normalized to those of the K X - rays 

of the target atoms. The intensity values given represent therefore 

c r o s s - sect ions for gamma - ray production in mb uni ts . 

The internal conversion i s not included. 

The e r r o r s of each value include the uncerta int ies of the fit for indi-

vidual gamma l ines and the detection e f f i c i e n t . 

The overal l uncertainty of the normalizing fac tor , estimated to be a -

bout 10 %, should be added t o the e r r o r value of each c r o s s - section 

entry, 

The detai ls of experimental procedure and of the e r r o r analysis 

a re given in R e f . 4 1 . 
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Energy -
of 

gamma 
t r a n s i t i o n 

Alpha p a r t i c l e s bombarding energy 
xn Assignment Raf . 

E ( k e V ) 47 MeV 56 MeV 64 MeV 

1 2 3 4 5 6 7 

53.13 ' 180. + 10. 410. + 10 8 

60.0 670. + 90. 

65.8 39.4 + 2.9 97.9 + 4.7 P3n 1 5 5 T b , 5 / 2 + — f 3 / 2 + [ 4 1 1 ] , 

^ O e , 1 5 7 Dy, 

13 

8,37 

69.8 31.4 + 2 .7 

72.4 223.4 + 7.6 216.7 + 7.6 80. + 15. Pb, K a i 40 

74.4 270.0 + 10. 470. + 20. 190. + 20. Pb, K ^ g 40 

75.5 

31.8 + 2.3R^ 

350. + 40. 6n 1 5 3 Dy. 13/2 + -^»11/2" 17 

84.2 14. + 31.8 + 2.3R^ Pb. V , 40 

86.5 70.1 + 4.9 54.7 + 4.9 60. + 10. 2n • 

4n 

' 1 5 7 0 y , 7 / 2 " — * 5 /2 " [521] 
1 5 5 Dy, 7 / 2 * 3 / 2 " [ 5 2 l ] 

10 

11 

90.0 17.0 + 1.5 220. + 20. 2 7 A1 (n,ot) .2*Ha 
1 5 5 T b , 7 / 2 + — > 5 / 2 + 

8 

13 

92.6 26.5 + 1.8 130. + 20. 

104.8 10. + . 1. 20.8 + 2.3 

108.9 8.4 + 1. 18.1 + 1.6 1 5 7 Tb 13 



1 2 3 4, 

1 1 0 . 0 
) 

290. + 1 0 . 
R 

1 1 4 . 0 4.2 + 1.2 6 . 0 + 2. 

1 1 7 . 3 8.2 + 2.2 

122.8 20.1 + 1 . 1 31.4 + 3 . 4 8 56.6 £ 9.3 

125.2 13.1 + 6.5 

137.3 224.0 + 7.0 122.7 + 4.4 1 1 0 . + 10. 

139.6 42. + 2 . R ) 55.5 + 2 . 8 R ) 97.0 + 1 0 . R ) 

146.8 18.6 + 1.1 24.5 2.2 30.2 + 9.4 

153.6 3.7 + 1 . 

157.2 8.5 + 1.4 

160.5 5.0 + 1 . 7.2 + 1.3 

162.3 

1.5R> 

55.7 + 9.2 

166.4 3.3 + 1.5R> 

170.7 11.7 + 1.7 39.0 + 8.6 

175.0 19.1 + 1.4 13.5 + 2 . 5 R ) 

176. 8.2 + 2.6R> 

184.2 43.6 + 3.4 220. + 20. 

185.6 21.7 + 1.3 13.2 + 2.9 30. + 15. 

191.5 10.7 + 1 . 8.3 + 2. 

196.9 40.4 + 3.5 56.8 + 3.5 6 1 . 6 + 4.2 

V 

i m p u r i t y , 1 9P ( n , n ' ) 8 

. 1 5 4Gd, 2 + - » 0 + 

3n 

2n 

4n 

p5n 

3n 

P3n 

157 Tb 
1 5 6 Dy, 2 + — • 0 + 

1 5 5 Tb , i 9 / 2 " — • 17 /2 " , 75mOe, 
1 5 7 Dy, 7 / 2 " — » 3 / 2 " 
1 5 5 Dy, 1 1 / 2 " - , 7 / 2 " 
1 5 3 Tb , 3 / 2 + — » 5 /2 + 

1 5 S y , 2 + - 0 } 
1 5 5 Tb , 1 3 / 2 " — * 11/2" [ 532 ] 

15 

13 

12 

13,8 

10 

11 

18 

12 

13 

1 5 5 Tb , 1 3 / 2 + — * 1 1 / 2 + [411] ' 13 
2 7 A l ( n , 0 . 8 
1 5 5 Tb , 15/2+ 13/2+ 411 13 

2n 1 5 7 Dy, 13/2" 11 /2" , 7 1 m0e 8,10 

1 6 0 ( a , p n ) 1 8 F , 1 5 5 Tb , 7 / 2 ~ — • 5 /2 + 13 
6 5 Cu(n , * ) 6 6 Cu 8 

4n 1 5 5 Dy, 1 1 / 2 " - » 7 / 2 " [521] 11 

2n ' 1 5 7Dy 15 /2 "—»13 /2~ [505 ] 

1 7 / 2 + — * 1 5 / 2 + 

9 / 2 " — * 5 /2 " 1 7 1 bG» 10,8 



1 ' 2 3 _ J _ _ 4 

198.4 33.3 + 2.7 47.8 + 3.6 190. + 30. 

202.3 . 102.3 + 4.7 83.2 + 2.9 

211.0 11.9 + 1.8 

213.0 6.6 + 1.2 

219.6 20. + 2. 45.8 + 2.4 50. + .9. 

221.3 44. + 2.4 

20. 20 . R ) 227.0 340. + I t . . * ' 520. + 20. 230. 20 . R ) 

235.0 3.4 + 1.4 6.9 + .1.7 

238.6 29.5 + 1.6 41.0 + 2.0 40. + 10. 

243.4 19.6 + 1.5 52. + 12. 

247.6 28.2 + 1.5 42.0 + 1.9 

253.2 17.2 + 3.3 55.7 + 2.6 

254.7 28.5 + 3.3 

266.5 

267.8 

320. + 20. 152.4 

19.2 

+ 
+ 

8.2 

2.7 

122. + 15. 

275.2 

280.9 10.8 + 1.4 

• 7.9 

11.4 

+ 
+ 

2.5 

1.7R 

27.0 + 13. 

289.4 7.5 + 1.5 

291.7 

296.9 

10.8 

15,7 

+ 
4-

2.1 

1.9 

12.2 

20.1 

+ 
+ 

2.0 

2.4 130. + 15. 

5 6 7 

4n ^ T b , 1 9 / 2 + — » 1 7 / 2 + 
[411] 13 

1 5 5 Dy, 1 3 / 2 " — * 11 / 2 " 15053 11 

2n 1 5 7 D y , 1 7 / 2 " — * 1 5 / 2 ~ [505] 10 

4n 1 5 / 2 - — > 13/2" [505] 11 

p3n ^ T b , 5 /2 " — » 3 /2 + 13 

1 5 5 D y , 17/2+—» 13/2 + 11 

2n 10 

p3n 1 5 5 Tb, 1 3 / 2 " — > 9 / 2 " [532] 13 

4n 1 5 5 D y . 1 7 / 2 ~ - * 1 5 / 2 " 11 

1 5 4 G d , 4 + — > 2 + ; 1 5 6Dy 7 15, 

p3n 1 5 5 T b , 1 1 / 2 + — » 7 / 2 + 13 

1 ^ 7 b , 7 / 2 + — » 5 / 2 + [ 4 0 2 ] 

4n 1 5 5 Dy, 1 9 / 2 " — • 17/2" • 11 

3n 1 5 6 D y , 4 + - » 2 + 12 

p3n 1 5 / 2 " — • 11/2" [532 ] . 13 

,3n . 1 5 6 D y 12 

2n • 1 5 7 Dy, 1 3 / 2 " — 9 /2 " 

4n 1 5 5 Dy. 13 /2"—» 9 / 2 " [5213 11 

3n 1 5 6Dy 

[5213 

12 



1 2 3 4 

298.8 20. + 13. 

300.0 9.9 ± 2.3 

303.1 23.2 + 12.8 

308.2 90. + 10. 

310.9 16.1 + 1.5 9.7 + 2.3 

314.9 50. + 15. 

319-6 17.6 + 1.8 7.4 + 2.5 

325.5 24.6 + 1.2 20.3 + 3.2 

332.1 

CO ("I + 2.9 

334.4 10.8 + 430. + 30. 940. + 50. 

338.4 25.1 + 2.4 

339.8 50.0 + 4.0 

4 . 7 R ) 344.2 22.3 + 4 . 7 R ) 

348.9 15.7 + 1.9 

352.2 24.4 + 2.4 25.0 + 2.7 

359,5 34.3 + 3.6 30. + 15. 

363.1 250. + 20. 270.0 + 20. 220.0 + 20. 

366.3 230. + 20. 130. + 10. 110. + 20. 

374.3 7.7 t 17. 

381.7 21.5 + 3 .0 

389.6 11.6 + 2.4 30.3 + 3.2R> 1100. + 60. 

391.7 27.4 + 3.7 

405.7 17. + 2. 43.4 + 4.4 

5 6 7 

3n 37 

2n 1 5 7 Dy, 2 1 / 2 + — > 1 7 / 2 + 10 

1 5 7 ^ 13 

2n 1 5 7Dy 10 

5n 1 5 V 2 + — 0 + 11 

p3n 1"55Tb, 1 5 / 2 + — » 1 3 / 2 + [411] 13 

4n 1 5 5 Dy, 1 5 / 2 + — » 1 1 / 2 + 11 

2n 1 5 7 Dy, 1 5 / 2 " — > 1 1 / 2 " [521] 37 

3n 1 5 6 Dy. 6 1 4 1 12 

4n ^Dy 11 

3n 1 5 6 Dy, 14+ - 1 2 ? 12,37 

3n 1 5 6 Dy. 8 + - * 6 + 
12,37 

4n 1 5 5 I » , 2 1 / 2 + — * 1 7 / 2 + 11 

3n 1 5 6 Dy. 6 + - » 4 + 12,37 

3n 

5n 

71Ca ( .n .n ' ) 
156Dy, 12+-»10j 

8 

12,37 

11 



I 

. 1 2 3 4 

411.8 16.1 + 2.2 360. + 30. 910. + 60, 

413.3 5.8 + 2.0 

415.5 58.8 + 7.6 

417.3 12.4 + 1.9 1500. + 80, 

420.5 8.4 + •4.0 

422.3 39.8 + 4.4 22.3 8.0 

424.7 65.7 + 5.9R^ 43.4 + 7.9 

432.4 33.4 + 3.8 21.6 + 3.2 

435.5 21.7 + 3.0 240. + 20, 

438.6 79.7 + 6.9 520. + 40, 

440.4 43.3 + 4.2 1700. + 90, 

445.0 320. ± 30. 100. + 10. 

451.6 12.6 + 2.3 150. + 40, 

455.2 10.1 + 2.5 15.2 + 2.2 

457.4 36.9 + 3.6 

464.3 150. + 10. 230. + 20. 150. + 20, 

470.7 40.7 + 6.1 

472.7 490. + 30, 

476.5 15.6 + 2.1 290. + 20. 820. + 50. 

478.4 19.3 + 3.7 

480.2 14.8 + 2.2 

484.7 4.9 + 2.4 

5n 154Dy> 4 + —» 2 + 

1 5 2 M , 4 + — » 2* 
9Be ( d , n ) 1 0 B 

11 

16 
8 

3n 1 5 6 D y , 8 + — 6 + 12 

4n 1 5 5 Dy. 15 /2 "—* 11/2" 11 

3n_ 1 5 6 By. 12 
1 5 7 By. 1 9 / 2 1 5 / 2 " [521! 
1 5 4Gd, 8+ — 6+ 15 

3n 15Sy, 8 + — * 6+ 12 

3n 

3n 

23Ua ( n , n ' ) 

1 5 6Dy, 8 + - » 6 + 

156Dy 

12 

12 

3n 1 5 6 Dy, 1 o | - » 8 + 

4n 1 5 5Dy, 2 5 / 2 + - * 2 1 / 2 + 

12 

11 

5n 

1 5 5 Tb, 2 7A1 Z*Na 
1 5 4 Dy, 6 + — » 4+ 

10. B (n,a)7Li 

13,8 

11 

8 

13 



1 2 •5 A 

491.5 12.9 + 1.9 25.9 + 3 . 6 ,50. + 25. 

493.6 27.0 + 3 . 0 

499.5 14.6 + 2 . 5 20.0 + 3.4 

502.6 48.3 + 6.1 

511.0 

518.7 38.4 + 7.9 

520.8 30.3 + 3.6 130. + 25. 

523.4 12.7 + 3.7 220. + 2 0 . R 660. + 40. 

527.5 8 . 3 + 2.7 

533.1 52.4 + 22. 

536.9 26.5 + 2 . 9 32.8 + 3.5 

544.5 86.5 + 7.9 144.7 + 13.0 

547.5 3 . 8 + 1.8 27.8 + 5.0 

550.4 28.6 + 3 .2 

557.3 53.4 + 5.4 160. 20. 560. + 130. 

559.8 78.9 + 7.6 22.6 + 5.6 1160. + 140. 

56'). 4 90. 9-

570.8 41.9 + 4.5 9 . 8 + 4.7 

576.6 32.3 + 5.5 100. + 20. 

579.1 • 

583.2 20.8 + 2 . 6 69.9 + 8.4 910. + 70. 

586.0 61.3 + 8.6 2200. + 100. 

594.8 100. + 10. 

3n 

• 4n 

1 5 6 D y , 1 0 + -

1540d, 10+-» 8+ 

1 5 5 D y , 1 9 / 2 " - » 1 5 / 2 " [ 5 0 5 ] 

12 

15 

12 

5n 

155 Tb 
1 5 i T b ; 1 5 6Dy, 9+ 
1 5 4 D y , 8 + - » 6 + 

13 

13,12 

11 

3n 1 5 6 D y , o | — * 0 + 12 

4n 1 5 5 D y , 2 9 / 2 + — » 2 5 / 2 + 11 

5n 1 5 4 D y , 1 0 + — » 8 + 11 

155, Tb 13 

3n,5n 

5n 

156Dy; 154Dy, 18+—16+ 

154Dy, 12+ — 10+' 
12,11 



1 2 3 4 

597.0 66.2 + 8.1 80. + 40. 

602.4 62.3 + 7.8 230. + 40. 

610.9 10.7 + 3.3 

614.1 51.3 + 6.7 

616.3 11.6 + 2.9 150. + 30. 

621.1 16.8 + 4.2 

3.0R^ 

15.5 + 3.4 

624.1 16.5 + 

4.2 

3.0R^ 

636.1 21.5 + 2.8R> 120. + 30. 

643.4 9 .0 + 2.3 

652.4 

2 . 4 1 0 -

36.4 + 4.7 250. + 30. 

655.1 17.4 + 2 . 4 1 0 -

662.0 9.5 + 3.1 

668.0 16.3 + 2.6 14.6 24. 

670.6 10.2 + 2.2R ) 

672.3 40.8 + 5.1 

675,6 22.8 + 5.0 

684.6 17.1 + 2.6 

693.6 - 66.8 + 7.3 660. + 60. 

708.6 16.8 + 3.0 200. + • 0 . 

724.0 

738.6 13.9 + 2.0 21.9 + 3.5 

746.4 4.8 + 2.0 

756.1 300. * 30-

770.8 6.2 + 1.8 

5n 74Ge ( n , ^ 1 5 4 Dy, 1 6 + _ * 14+ 11 

3n 1 5 6 Dy, 1 4 + — * 12+ 12 
74Ga ( n . n V 8 

5n 1 5 4 D y f 1 4 + _ » 1 2 + ^ „ 

3n 1 5 6 Dy, 8 | - » 8 + 12 

3n 1 5 6 Dy, 6 | - > 6 + ' 12 

3n 1 5 6 Dy, 4 | - » 4 + 12 
72Ge Cn.n'J " 8 



1 2 3 4 

772.5 

783.4 4 . 4 + 

802.5 100. + 

806.1 36.2 + 

816.9 

. 832.1 2 .7 + 

836.1 15.7 + 

841.7 

844.4 24.5 + 

847.6 70. + 

863.9 

865.9 19.2 + 

869.3 18.0 + 

878.5 

881.9 11.6 + 

884.7 

888.5 

890.7 

895.3 

897.1 

899.0 27.9 + 

959 .4 18.9 • 

975.0 7.5 4 

989.0 15.6 + 

J006.9 8 .0 t 

1.9 17.8 + 3.2 

10. 130. + 10. 

9 .4 20.8 + 5.0 

14.6 + 2.6 
2.2 29.0 + 4.7 

3 .0 20.5 + 5.5 

80. + 10. 
5.0 57.6 + 7.5 

10. 

2.9 16.4 + 3.6 

2 .7 

29.5 + 4.4 

2 .4 

8 .4 + 3.6 

16.8 + 4.2 

35.6 + 7 .1 

22.1 + 6.6 

3.3 

2.6 41.0 + 6.1 
2.5R> 

3.7 28.4 • 4.5 

2 .4 

' 90. + 30. 

1 9 0 . + 

930. + 80. 

60. + 30. 

690. + 50. 

1300. «• 120. 

27A1 (n.n'J 
56Pe (n.n') 

CO tO 

3n 

3n 

156Dy 
1 5 6 D7, 3 + — » 2 + 

12 
12 

3n 156Dy, 2+—> 0+ 12 

3n 156 ay, 9 + - * 8 + 12 



1014.4 67.9 + 7.5 130. + 10. 1700. + 100. 

1040.6 47.4 + 7 . 1 

1043.5 26.5 + 9.0 . 

2 7 A l ( n , n " ) 8 

3n 70G« ( n , n ; i 1 5 6 Dy, 7 ~ - » 6 + 8,12 

CO CO 



Energy • i » • 
o f Alpha p a r t i c l e s bombarding energy xn Assignment Ref . 

gamma 
t r a n s i t i o n * 

E (keV) . ' 67 KeV 71 KeV 80 KeV 

1 2 3 4 5 6 7 

60.9 20.6 + 2.9 2n 5 / 2 " — » 3 / 2 " [ 5 2 1 ] 10 

65.9 29.7 + 3.6 32. + 3.5 
1 5 5 Tb , 5/2 + — > 3 / 2 + ; 1 5 7Dy 13, 

67.7 12.8 + 4.0 

70.3 11.4 + 3.6 23.4 + 4.0 

73.1 10.5 + 3.7 26.3 + 3.1 4n 11 

75.7 100. + 4. 196. + 5. 196. + 6. 6n 1 5 3 Dy, 1 3 / 2 + — * 1 1 / 2 " 30 

60.9 53.7 + 2.4 75.3 + 2.9 45. + 4. 7 / 2 + — » 5/2 + ! 18 
1 5 5 I b , 1 1 / 2 " — > 9 / 2 " 13 

83.5 13.6 + 2.4 22.8 i + 2.3 25.3 3.8 1 1 / 2 " — » 7 / 2 + ) 
1 53 G d , 3 / 2 + — » 3 / 2 ~ 18 

ti6.6 11.2 + 0.6 5.3 0.3 41. + 3.7 2n 1 5 7 o y . 7 / 2 " — » 5 /2" [521] / 

1 5 5 Dy. 5 /2 "—> 3 /2" [52 l3 11 

90.6 19.2 + 1.9 21.5 2.8 22.5 + 2.6 

97.6 6.1 + 0.3 8.3 + 2.2 9.6 + 2.0 

100.0 39.6 + 2.0 43.4 + 2.2 ^ T b , 9 / 2 1 1 / 2 " 18 

102.9 9.3 + 2.5 10.1 + 2.0 4n 1 1 / 2 " — * 13/2+ i 11 

3 /2 + —» 5 /2 " 18 

105.6 9.0 + 3.3 11.1 2.2 



1 2 3 4 

108.5 31.6 + 2.5 

115.7 12.3 + V.9 
118.7 27.0 + 1.6 

123.2 68.4 + 1.4 

133.9 

137.9 41.8 + 7.5 

139.7 14.8 + 7.4 

140.9 10. + 4. 

143.0 5.0 + ' 3 .4 

147.1 35. + 15. 

151.7 • 

154.2 

157.3 

162.0 

163.6 

167.0 

169.0 . 21.0 5.0 

170.8 17. + 5. 

175.7 4.0 + 0.3 

180.6 15.7 + 1.9 

184.3 137.2 + 2.0 

189.5 10.3 + 1.8 

191.9 13.0 + 1.8 

33.8 + 2.4 3.8 + 1.9 

8.1 + 2.2 13.5 + 2.2 

30.0 + 2.0 30. 2.0 

64.7 + 1.9 37.6 + 1.9 

21.0 + 1.9 17. + 2. 

35.4 + 2.5 17.3 + 2.6 

28.7 + 2.4 . 13.0 + 2.7 

7.8 + 4.6 

25.7 1- 2 ,<J 15.9 
-

2.4 

5.5 + 0.8 

10.6 + 1 . 6 12. 1.1 

7.2 + 1.5 5.6 + 1.7 

24.2 + 1.7 6.4 + 1.4 

7.6 > 1.9 

22.1 + 2.0 14.3 + 9.0 

54.7 + 2.9 29.8 i 7.1 

20.0 + 3.0 13.4 + 5.8 

16.2 + 2.4 

12.1 + 2.2 7.7 + 2.4 

16.0 + 0.3 74.2 + 3.0 

8.5 + 2.8 

1 5 3Gd, 5 / 2 " — 3 / 2 " 18 

1 5 5 Tb , 15/2~->13/2~ 13 
1 5*Gd, 2 + - — 0 + 15 

1 5 5 Tb , 1 1 / 2 + — 9 / 2 + 13 

4n,3n 1 5 6 Dy, 2 + - > 0 + ; 1 5 5 Dy, 11/2~-»9/2+ 12,11 
7 5 aGe, 1 5 5 Tb, 19 /2" -»17/2" . 8,13 

2n 1 5 7 Dy, 1 1 / 2 " — 9 /2 " [ 5 2 l ] 10 

3n 1 5 3 Tb, 3 / 2 + — 5 / 2 + ; 1 5 6 D y , 4 + — 3 + 18,12 

4n,2n 1 5 5 Dy, 1 1 / 2 ~ — 7 / 2 ~ ; 1 5 7 Dy, 7 / 2 " - > 3 / 2 " 11,10 

3n . 1 5 6 Dy, 2 + — 0 + ' 1 2 
1 5 5 Tb , 13 /2 "—» 11/2" 13 

impur i t y '8 

1 5 5 Tb, 1 3 / 2 + — » 1 1 / 2 + 13 
2 7 A\(n,n '> . 8 
1 5 5 Tb, 1 5 / 2 — 1 3 / 2 + ; 1 5 3Gd, 3 / 2 + — 3 /2 " 13,13 
71mGe; 1 5 7 Dy, 1 3 / 2 " — 1 1 / 2 " \jo(j 8,10 

l S 0 ( a , p n ) 1 8 F ) 1 5 5 Tb, 7 / 2 " — 5 / 2 + 13 
1 5 3 Tb, 9 /2 + —> 7 /2 + [402j 32 

4n 1 5 5 0 y , 11/2" —> 7 /2" [521] ' 11 



1 2 3 4 5 

194.0 4.7 
i + 2 .4 

197.3 26.1 + 2.6 23.3 3.7 17.1 + 3.2 2n 

199.0 19.3 + 2.6 37.1 + 3.7 35.1 + 3.5 

202.4 16.2 + 1.3 15.9 2.2 18.1 + 3.2 4-1 

204.6 6.2 + 2.0 12.5 + 3.7 

209.2 4.9 + 1.6 3 .0 + 3.4 

211.7 33.0 + 2.0 61.5 + 2.5 13.1 + 3.9 

213.6 27. + 2. • 45.3 + 2.5 27.7 + 3.6 

218.0 - 15. ± 14.4 + 2.7 9. + 4. 

221.1 . 9.4 + 2.2 11.2 + 2.5 d.5 + 3.6 4 n 

227.2 174.1 4- 2.6 144.1 2.9 75.0 + 3.7 4n 

229.8 8 .8 3.2 

235.5 4.4 + 3.6 2n 

238.3 21.6 + 3.4 16.0 + 2.3 12.3 + 3.0 

243.9 36.9 + 2.3 40.6 + 3.4 28.3 + 3.1 

248.0 61.2 + 2.4 49.1 + 3.4 35.7 + 3.9 

249.7 18.9 + 5.5 

251.9 50.4 + 5.5 • 

253.7 53.5 + 5.3 43.7 •f 3.9 59.7 + 4.-8 6n 

256.7 36.0 + 7.2 91.1 + 3.6 27.1 + 4.3 

262.5 12.6 + 2.6 18.1 + 3.4 16.7 + 4.0 6n 

7 1 »G e ; 1 5 7Dy 9 / 2 " — » 5 /2 " [521] 

15/2~—! . 13/2" [5053 
17 /2 + —> 15/2 8 , 10 

1 5 5 c y , 1 3 / 2 " - * 11/2" [505] 11 

1 1 / 2 + - » 9 / 2 + [404] 32 
1 5 5 Tb , 9 / 2 + — • » 5 /2 + 13 

1 7 / 2 + — » 1 5 / 2 + 13 

3 / 2 + — > 3 / 2 " 13, .18 

[ 5 0 3 10 

1 3 / 2 + — * 1 1 / 2 + [4023 32 

15 /2"—y 13/2" [505] 11 
1 5 5 Dy, 1 7 / 2 + — 13/2 + ; 5 / 2 " — 3/2 + 11,13 
1 « G d . 1 7 / 2 + — » 1 3 / 2 + 18 

1 5 V 2 3 / 2 > 2 1 / 2 + 13 
1 5 7Dy 10 

1 3 / 2 " — > 9 /2 " 13 
1 5 5 Tb, 17/2"—»• 13/2~j 9/2 + — » 7 /2 + 13,32 
1 5 4Gd, 4 + — • 2 + 15 
1 5 5 Tb, 2 1 / 2 + — > 1 9 / 2 + 13 

1 5 3 Dy, 1 3 / 2 " — • 1 1 / 2 " : 1 5 3 Tb, 7 / 2 + — » 5 / 2 + 

1 5 3 Dy, 1 5 / 2 " — > 1 3 / 2 " 11 

11,18,32 



266.5 ' 56.2 + 

271.0 39.1 + 

273.0 5.4 + 

274.9 24.3 + 

277.7 

283.6 6. + 
267.4 25.2 + 

290.8 

292.4 4.9 + 

296.0 44.5 + 

301.7 

312.3 • 5.8 + 

315.2 23.4 ^ 

320.3 

327.5 

334.5 515. + 

338.0 25.6 + 

340.1 22.5 + 

344.4 290, + 

347.3 46.3 + 

352.1 20.7 + 

360.4 

2.2 63.7 + 

2.3 23.6 + 

2.3 

2.0 31.7 + 

11.9 + 

4. 

6.3 11.1 + 

11.7 + 

0.3 

2.7 89.5 + 

13.6 + 

1.3 
7.0 ' 17.7 + 

24.4 + 

5.0 420. + 

2.8 

2.8 

4. 150. + 

2,8 25.4 + 

2.2 18.2 + 

4.4 28.8 + 4.3 

2.4 

1.9 

1.9 

14.9 + 2.0 

2.o , 
2.3 

1.9 78.5 + 3.4 

2 .0 9.3 + 3.4 

3.5 14.0 + 3.5 

10.7 + 3.7 

3.4 31.3 + 4-4 

6.0 180. + 6. 

6. 26.5 + 5.0 

5.0 64.6 + 4,5 

3.6 • 18.3 + 3.8 

14.7 + 4.1 

3n Uy. 4 + — * 2 + 12 
1 5 2 Cd, O j — » 2 + ; 1 5 5 Tb , 5 / 2 + - * 3 / 2 + 16 

1 5 5 Tb, 1 5 / 2 " — » 1 1 / 2 " 13 

6n 1 5 3 Dy, 1 7 / 2 " — » 1 5 / 2 " ; 1 5 2Tb 30,16 
1 5 2 Tb, 16 

6n,2n 1 5 3 Dy, 1 9 / 2 " — * 17 /2 " ; 1 5 7 Dy, 13/2 " - > 9 / 2 " 
30,10 

4n 1 3 / 2 " — > 9 / 2 " [_52l] 10 

6.i 153I*. 9 / 2 " — > 7 / 2 " 18 

6n 1 5 3 Dy, 2 1 / 2 " - V t 9 / 2 " 18 
1 « T b , 1 3 / 2 + — > 3 / 2 * 13 

1 5 2Gd, U1 16 
1 5 5 Tb, 2 1 / 2 " — * 19/2" 13 

6n 15?Dy - J 5 7 ? b ; 1 5 3Dy 13,30 

5n 154Dy, 2 + — > 0 + 11 
1 5 5 Tb, 1 5 / 2 + — » 1 1 / 2 + 13 

(oc,ot3n) 1 5 2Gd, 2 + — 0 + 16 

r \ 6 + — * 4 + 15 

4n 1 5 2Gd, .16,11 



1 3 

363.0 33.2 + 2.5 73.3 + 3.7 46.7 + 4.2 

364.4 43.1 
-

2.0 49 .5 '+ 3.5 38.8 
-

4.3 

371.2 2.7 + 1.9 

379.7 23.4 + 2.0 30. + 3. 

333.2 31.9 + 1.9 25.0 + 3.2 

394.S 5.6 + 4 - 3 

397.9 21.9 + 4.4 

401.7 26. + 3. 44. 5. 
404.0 16. + 6. 38. + 5. 

406.4 42. + 20. 50. + 5. 23. + 5. 

407.1 23. + 1. 

412.4 ' 490. + 5. 410. + 8. 210. + 7. 

416.6 25 . ' i 3. 31. + 6. • 

431.2 15.5 + 5.3 

433.3 13. + 3. 

433.8 19. + 4. 15. + 5. 

441.2 . 7.0 + 3. 43. + 4. 50. 4. 

444.6 24. + 4. 32. ± 3. 

447.7 74. 
-

3. 164. + 4. 221. + 6. 

454.4 27. + 5. 

456.7 25.0 + 6.0 

461.7 45. + .5 . 49. + 4. 39. + 6. 

5 6 7 

4n 1552y. 2 1 / 2 + — » 1 7 / 2 + ; 1 5 3Gd, 21/2+—»17/2+ 11,18 

6n 1533y. 19/2+ — > 17/2 " 30, 18 

3 n 1 5 S , 6*—* 4+ 12 

1 5 5 Tb, 1 7 / 2 1 3 / 2 + 13 

6n 1 5 3 Dy. 2 7 / 2 + — » 2 3 / 2 + 30 
6n 1 5 3 Dy; 30 

153G d 1 5 / 2 " — 1 1 / 2 " 18 

5n 154Dy, 6 l " ~ * 4 1 1 1 

5n . 1 5 V 4 + — > 2 + i 1 5 2Gd, 4 + — > 2 + 11,16 

23Na 0 , . n ) i 1 5 3 Tb, 15/2+—»11/2+ [ 4 0 4 I 8 ' 3 2 

6rf 30 

3n 1 5 S y , 8 + — » 6 + 12 

6n 153C5-. 1 7 / 2 + ~ » 1 3 / 2 + i 30,18 
1 " T b . 11 /2 + —* -7 /2 + 32 
1 5 3 Tb. 1 9 / 2 + — v 1 5 / 2 + , 404 32 

6n 153oy, 23/2+—»-19/2+ 30 



1 2 3 4 

464.5 74. + 5. 54. + 4. 23. + 6, 

467.1 18. + 5. 50. + 7, 

471.9 . 
471.9 50. + 5. 61. + 5. 37. + 6, 

474.2 26. + 6, 

476.9 426. + 7. 377. + 7. 164. + 6, 

480.8 35. + 4. 63. + 6. 81. + 6, 

484.6, 20. + 5. 

488.1 65. + 4. 112. + 7. 170. + 5. 

491.1 1.8 + 1.5 

493.4 26. + 3. 63. + 5, 

496.2 14. + 3. 17. + 5. 

499.4 8 . + 4. 

519.4 34. + 4. 25. + 6. 20. + d, 

523.5 350. + 20. 317. + 9. 129. + 9. 

527.5 24. + 5. 

532.1 40. + 13. ' 95. + 6. 104. + 8, 

541.0. 45. + 6. 61. + 6. 67. + 6, 

544.1 40. + 4. 32. + 5. 17. 6, 

546.7 19. + 3. 23. + 8. 

552,2 14. + 4. 44. + 6, 

554.0 30. + 6, 

556.9 260. + 10. 203. + 8. 89. + 5. 

I 

5 . 6 7 

4n 1 5 5 c y . 25/2 + — » 2 1 / 2 + 11 

3n 1 5 3Gd, 2 5 / 2 + — > 2 1 / 2 + ; 1 5 6 Dy, 9 + ->10 + 18, 

6 + — > 4+ 16 

2 7 A1 (n , o t ) 2 4 I Ia i 23/2"-->19/2' " 1 5 5 Tb, 8 ,1 

5n 1 5 V 6 + — » 4 + ; 1 5 3Gd, 1 9 / 2 " — > 5 / 2 " 11, 

6n 1 5 3 Dy; 1 5 5 T b , 2 3 / 2 + — > 1 9 / 2 + 30. ,13 
155Tb 13 

6n 2 1 / 2 + — > 1 7 / 2 + 
. 30, ,18 

3n 1 5 5 0 y , 1 0 + — > 8 + 12 

4n 1 5 4Gd, 1 0 + — > 8 + ; 

1 9 / 2 " — ^ 1 5 / 2 " [505] 15, .11 

4n 1 9 / 2 " — > 1 5 / 2 " ' 11 

155Tb$ 1 5 2Gd, 8 + — > 6 + 13, ,16 

5n 1 5 V 8 + — > 6+ 11 
1 5 2Gd, . +. _ . + 4 1 - > 4 16 

611 153ny, 25/2 + — » 2 1 / 2 + 30 

6n 1 5 3D7, 1 3 / 2 " — > 9 / 2 " 30 

4n 1 5V. 29/2 + —> 25/2 + 11 
1 5 4Gd 15 

6n 
153Dy 30 

7n 152i», 5 " • — 3" 17 

5n 154oy. 10 + —>8 + 11 



1 2 3 4 

560.4 41. + 4. 17. • 6. i 63. 5. 

563.4 40. + 4. 

566.4 24. + 5. 

570.0 12. + 3. 

577.7 58.0 3. 38. + 3. 17. 6. 

581.7 . 74. + 4. 87. + 4. 87. + 6. 

586.1 44. + 4. 

588.7 137. + 4. 107. + 4. 38. 6. 

591.6 46. + 4. 42. + 4. , 30. + 6. 

596.5 53. + 3. 83. + 5. 26. + 7. 

602.2 17. + 3. 20. + 7. 

604.7 24. + 3. 16. + 4. 52. + 6. 

609.3 12. + 3. 44. + 6. 

61?.8 27. + 3. 32. + 4. 165. + 7. 

616.0 106. + 4. 91. + 5. 37. + 6. 

617.9 17. + 3. 28. + 5. 

623.7 12. + 6. 

626.9 23. + 5. 37. + 5. 35. 6. 

630.4 19. ' + 8. 

•633.0 ' 22. + 5. 

636.8 188. + 4. 333. + 7. 417. + 9. 

643.0 11. + 3. 

647.2 163.0 + 7.0 

650.2 17. + 3. 24. + 5. 

5 6 7 
7n 1 5 2 Dy. 7 " — > 5 " • 17 

6k 1 5 3 0y 30 

7n 1 5 2 Dy. 9~—» 7" i 76Ge ( n , n ' ) 17, ,8 

i n 1 5 3 Dy. 29/2 + — > 25/2 + 30 
152Gd, 2 + — > 2 + 16 

'5n 1 5 4 c y , 1 2 + — » 1 0 + 11 

3n 1 5 6 Dy. 1 0 + - + 1 0 + 12 

74Ge (> 8 

3n 14 + —>12 + 12 

4n ' 1 5 5Qy, 3 3 / 2 + — * 29/2 + 11 

7n 1 5 2 « y ; 74Ge ( n , n ' ) 1.7, ,8 

7n 1 5 2 Dy, 2 + — * 0 + 17 

5n 1 5 4 Dy, 14 + —> 12 + 11 

6n,3n 1 " D y . 1 7 / 2 " — » 1 3 / 2 " i 1 5 6 D y , 30,12 

6n 153Dy» 3 3 / 2 2 9 / 2 + 30, 18 

6n 1 5 3 f y . 1 1 / 2 " — > 7 / 2 " 30 

3n 1 5 6 Dy. 12 

7n 1 5 2 Dy. 17 



1 ' 2 3 4 

654.6 5.4 0 .4 

659.6 28. + 3. 30. + 3. 35. + 5, 

664.4 12.1 + 23 
668.9 35. + 7. 

673.7 73. 3. 71. + 4. 41. + 6, 

677.6 11. + 3. 

683.8 10. + 2. 95. + 7, 

692.7 5 . 4 + 0.3 

694.6 39. + 5. 88. + 10. 59. + 7. 

696.3 61. + 6. 45. + 7. 

713.7 9. 4 . 

718.1 120. 4 . 66. + 5. 

728.4 27. + 4. 

740.8 15. + 4. 

745.6 16. + 8, 

747.6 13. + 8. 

763.9 10. + 3. 

772.2 ,, 16. + 3. 

778.7 31. + 3. 22. + 3. 

810.5 27. + 3. 

819.0 21.0 + 3.0 

830.7 23. + 7. 

834.8 124. + 6. 112. + 4. 40. + 6, 

843.7 C2 • + A 62. + 6, 

846.6 90. 4. 52. + 7. 

6n 153Dy 30 
6n 1 5 3 Dy, 3 7 / 2 + - » 33 /2 + 30 

7a 1 5 2 Dy, 6 + ' — > 4 + 17 
72Ge (_n,a') 8 

1 0B ( n , n " ) 8 

3n 1 5 6 Dy, 8 + - > 8 + ' 12 

7 n 1 5 2Dy 30,17 

6n 153Dy, 11/2"—»9/2™ 30 

72, / Qe (ja,a ) 
2 7 A l ( n , n ' ) 
56Pe Cn,n') 

8 

8 

8 



1 2 3 4 

850.0 24. + 7. 

867.8 ' 19. + 4. 

917.0 11. + 3. 

920.7 4.5 + 0 .4 

925.2 6.3 + 0 .3 

931.2 28. + 6. 10. + 7. 

936.9 137. + 5. 55. + 6. 

953.1 9. + 3. 

974.1 18. + 3. 

984.3 16. + 3. 

1011. 20. + 4. 

1014.3 130. + 5. 72. + 7 . 

73Ge ( n , x ) 7 4 G e 3 

1 5 2Gd, 2+ —> 0 + 

27Al fn,p*)27tls 

2 7 A l ( n , n ' ) 

16 

VO 



Energy 
of 

gamma 
t r a n s i t i o n 80 MeV 84 MeV 90 MeV 

xn Assignment Ref . 

1 2 3 4 5 6 7 

75.5 .196. + 6. 193. + 6. 77. + 3. 6n 1 3 / 2 + — > 1 1 / 2 " 18 

SO.S 45. + 4. 56. + 3. 80. + 10. 1 5 5 l b , 1 1 / 2 " — > 9 / 2 " ; 1 5 3 , I b , 7 /2+—>5/2+ 13, 

83.5 ' 25.3 + 3.8 31. + 3. 
1 « T b , 1 1 / 2 " — > 7 / 2 + 18 

36.4 41.0 + 3.7 53. + 3. 2n 

4n 

157cy. 
155Dy. 

7 / 2 " — > 5 / 2 " [521] 

5 / 2 " — 3 /2" [521] 

10 

11 

90.3 22.5 + 3.6 20. + 4. 72. + 5. - 2 7 A l ( n , ,Ocf4Na; 1 5 5 Tb, 7 / 2 ' % 5/2 + 8,13 

93.3 84. + 5. 1 5 3 Tb , 5 / 2 + — » 3 / 2 + ; 153Gd 18 

9d.7 9.6 + 2.0 ' 26 . + 2. 19. + 4. 9 / 2 " — > 1 1 / 2 " 18 

102.4 7. + 2. 

105.5 13. + 2. 35. + 4. 

106.3 3.8 + 1.9 32. + 3. 
1 5 3 m . 5 / 2 " — > 3 /2 " 18 

110.4 14. 3. i m p u r i t y , 1 °0(c t ,p) ' l 9 F 8 

115.8 13.5 + 2.2 11. + 3. 

113.7 30. + 2. 25. + 4. ^ T b , 1 5 / 2 " — > 1 3 / 2 " 13 

120.3. 8. + 4. 

123.1 37.6 + 1.9 60. + 3. 33.3 + 8 .2 1 5 4 0 d , 2 + — 0 + 15 

126.1 9. + 3. 



1 2 V 4 

133.9 17. + 2 . 22. + 3. 
i 

134.7 22. + 3. 

137.9 17.3 + 2.6 20. + 2 . 14, + 3. 

139.6 13.0 + 2.7 47. + 4. 19. + 3. 

143.2 7.6 + 4.6 

147.2 15.9 + 2.4 14. + 2 . 14. + 2 

151.2 5.5 + 0 .8 

154.3 12.0 + 1.1 

157.3 5.6 + 1.7 

162.3 6.4 +• 1.4 30. s 3. 13. + 3 

163.6 7.8 + 1.9 

167.4 14.3 + 9.0 25. + 3. 

169.3 29.8 + 7.1 73. + 3. 

171.2 13.4 + 5.8 

175.0 23. • + 2. 

180.5 7.7 + 2.4 160. + 20. 

164.5 74.2 + 3.0 120. + 3. 23. + 2, 

190.0 6 . + 3. 

193.4 • 4.7 + 2 .4 15. + 3. 

197.6 17.1 + 3.2 37. 6. 17. 4 

199. 35.1 + 3.5 60. + 6. 43. + 4, 

202.9 18.1 + 3.2 25. + 3. 11. + 3 

1 5 5 T b , 1 1 / 2 + — v 9 / 2 + 13 

3n,4n 1 5 6 D y , 2+—»0+ ; 1 5 5 Dy,11 /2~—»9 /2 + 12,11 

^ G e ; 1 5 5 Tb , 19 /2 "—» 17/2" 8,13 

2n 1 5 7 o y , 11/2"—«• 9 / 2 " [521] 10 

2n,3n 1 5 T D y , 7 / 2 ~ — » 3 / 2 ~ , 156Dy, 4 + — * 3 + 10,12 

4n 1 5 5 D y , 1 1 / 2 " _ 7 / 2 " ; 1 5 3 T b , 3 / 2 + - » 5 / 2 + 13 

155Tb, 23/2"—» 21/2" 13 

3n 2 + —» 0 + 12 

1 5 5 Tb, 13 /2 "—» 11/2" 13 

i m p u r i t j ; 1 5 5 I b , 9 / 2 + - » 7 / 2 + 8,13 

1 5 5 Tb, 13 /2 + —»11 / 2 + 13 
21 Al ( n ,n ' ) ' 8 

1 5 5 Tb, 15/2 + — » 1 3 / 2 + 13 " 
1 " G d , 3 / 2 3 / 2 " 18 

71raGe; 157Dy, 13/2~—> 11/2" Q505J 8,10 

l 6 0 ( o t t p n ) 1 8 F ; 155T b > 7 / 2 + _ , 5 / 2 + 8,13 

9/2 + —» 7 /2 + 32 

7n 

71mGe 

4n 1 5 5 Dy, 1 3 / 2 " — > 1 1 / 2 " [.505J 11 
152 ay, 9 8 + ; 1 5 5 T b , 9 / 2 + - > 5 / 2 " 17,13 



1 2 3 4 

2 0 5 - 7 1 2 . 5 + 3 . 7 1 6 . + 4 . 2 9 . + 5 . 

2 0 9 . 1 8 . 0 + 3 . 4 6 . + 3 . 

2 1 1 . 7 1 3 . 1 + 3 . 9 6 5 . 4 . 

> 

2 1 3 . 9 2 7 . <1 + 3 . 6 3 4 . + 4 . 

2 1 7 . 9 9 - + 4 . 

2 2 0 . 7 8 . 5 + 3 . 6 1 2 . 5 + 0 . 9 6 . + 2 . 

2 2 7 . 0 7 5 . 0 + 3 . 7 6 8 . + 3 . 5 0 . jf 3 . 

2 3 0 . 0 8 . 8 + 3 . 2 1 3 . + 3 . 1 3 . + 3 . 

2 3 8 . 4 1 2 . 3 + 3 . 0 1 1 . + 3 . 

2 4 3 . 9 2 8 . 3 + 3 . 1 3 4 . + 3 . 1 9 . + 5 . 

2 4 7 . 9 . 3 5 . 7 + 3 . 9 5 5 . + 3 . 3 7 . + 5 . 

2 5 3 . 9 5 9 . 7 + 4 . 8 1 2 0 . + 5 . 

2 5 6 . 7 2 7 . 1 + 4 . 3 1 3 9 . + 5 . 

2 6 2 . 4 1 6 . 7 + 4 . 0 2 8 . + 4 . 1 3 . + 5 . 

2 6 6 . 5 2 8 . 3 + 4 . 3 3 9 . + 5 . 1 9 . + 5 . 

2 8 3 . 3 1 4 . 9 + 2 . 8 2 6 . + 3 . 5 1 . + 3 . 

2 8 7 . 6 * 1 # * + 2 . 3 2 2 . + 3 . 

2 9 6 . 0 7 8 . 5 + 3 . 4 7 4 . + 3 . 4 7 . + 3 . 

5 6 7 

1 1 / 2 + — » 9 / 2 + , [4043 32 
1 5 5 Tb , 9/2 + — 5 / 2 + 13 
1 5 5 Tb, 1 7 / 2 + — • 15/2+ 13 

^ G d . 3 / 2 + - > 3 / 2 " 18 

1 5 7 Dy, 17 /2 "—» 15/2" [505] 10 

4n 1 5 / 2 " — > 1 3 / 2 " [505] 11 

4n 1 5 5 Dy. 17/2 + — > 13/2+ 11 

1 5 5 T b , 5 / 2 " — » 3 / 2 + ; 13, 
1 " o d , 1 7 / 2 + — » 1 3 / 2 + 18 

1 5 5 Tb, 2 3 / 2 + - v 2 1 / 2 + 13 
1 5 5 Tb, 1 3 / 2 " — * 9 / 2 " 13 
1 5 5 T b , 17 /2 "—»13 /2~ / 13 
1 53 T b > 9 / 2 + — » 7 / 2 + [404] 32 

" • o d . 4 + - * 2 + 15 

6n 1 5 3 Tb . 7 / 2 + — » 5 / 2 + ; 1 5 5 Tb,11/2 +_V7/2+ 18,13 

In 1 5 2 Dy. 17 

1 5 3 o y . 1 3 / 2 " - ^ 1 1 / 2 " 18 

1 5 2Dy 1 5 2 Tb , 2 " 

6n,7n 1 5 2 Dy; 1 5 3 Dy, 15/2"—»• 13/2" 17,18 

3n 1 5 6 Dy. 4+—J»• 2 + 12 

1 5 2 Tb. 4 " — » 2 " 16 

4n 1 5 5 Dy. 1 3 / 2 " — 9 / 2 " [521] 10 . . 

6n 1 5 3 Dy, 9 / 2 " — » 7 / 2 ~ 18 



301.9 9.3 + 3.4 8. + 4. 
i 

315.5 14.0 + 3.5 9. + 2. 
320.4 10.7 + 3.7 7. + 2. 
326.1 14. + 4. 
327.9 31.3 + 4.4 27. 4. 
334.5 180. + 6. 160. + 3. 113. • 
344.4 26.5 + 5.0 127. + 4. 60. + 
347.7 64.6 + 4.5 64. + 4. 47. + 
351-9 13.3 + 3.8 45. + 4. 
360.4 14.7 + 4.1 
362.8 46.7 4.2 46. ' + 4. 25. + 

366.6 38.8 + 4.3 28. + 4. 40. + ' 

371.6 8.2 + 4.8 

398.0 21.9 + 4.4 36.. 3.2 48. + 
401.6 38. + 5. 19. + 4. 

406.5 23. + 5. 20. + 4 
412.1 210. + 7. . 120. + 6, 
431.5 15.5 + 5.3 23. + 4. 38. + 4. 
439.1 15. + 5. 55. + 7. 

6 7 

6n 155Tb, 13/2+-J*9/2+; 13 
153Dy, 21/2"—»19/2" 18 
152Cd, 16 
155Tb. 21/2"—»19/2" 13 

6n 153Dy; 1 5 7 ^ ^ 1 5 7 ^ 30,13 
5n 154Dy. 2+—*0+ 11 

(a,a3n) <52Gd, 2+-»0+ 16 
(O'.oi'n) 154Gd, 6+—>4+ 15 

4 n 152Gd, 4|—• 2|; 16,11 

4n 1"Dy. 21/2+—* 17/2+ 11 
155Tb, 17/2"—> 13/2", 13 
153cd, 21/2+—*17/2 + 18 

3n 6 + - M + 12 
6n 1 5 3 D y , - 19/2 +—»17/2 " - 18, 30 
2n 1 5 7 D y , 15/2"—>11/2" [505] 

1 5 7 D y , 17/2"—13/2" [521] 10 
7 n 1 5 2 D y , 7 " — 6 + 17 
6n 

153Gd) 15/2"—»11/2" 18 . 
30 

5n 154i». 11 
5n • 1 5 4 o y . 4+—»2+; 152Gd, 4+—» 2+ 11,16 

23lIa (n,n> ; 153Tb 8,32 



5 

1 2 3 4 

441.3 50. + 4. 55. + 7. 
444.4 33. + 4. 
447.7 221. + 6. 180. + 5. 100. + 6. 
454.3 27. + 5. 22. + 4. 
457.0 25. + 6. 
462.0 39. + 6. 34. 5. 

464.7 23. + 6. 
466.9 50. + 7. 36. + 7. 30. + 4. 

472.0 37. + 6. 77. + 5. 

474.2 26. + 6. 
476.9 164. + 6. 146. + 6. 66. + 6. 

480.7 • 81. + 6. 75. 6. 
488.1 . 170. + 5. 136. 6. 80. + 5. 
492.6 63. + 5. 88. + 5. 88. + 5. 
496.0 17. + 5. 20. + 6. 
511.0 
520.3 20. + 8. 50. 6. 37. + 6. 
523.7 129. + 9. 123. + 6. 86. + 6. 
52J.2 • 48. + 5. 

6n ^ D y 30 
3n 1 5 V 8+—* 6+; 153Tb 12,32 
6n 17/2+—>13/2+! 153Tb 18,30 

153Tb 32 

6n 153i». 23/2 +—-> 19/2+ 30 

4n 155Dy, 25/2 +—> 21/2+ 11 
3n 153Gd, 25/2+—> 21/2 + 18 

156Dy, 9 +—> 10 + 12 
1>2Cd, 6+—v 4+ 16 
27AI 0 24Na 8 
155Tb, 23/2"—>19/2" 13 

5n 1 5V, 6+—>4+ 11 
153Gd, 19/2"—>5/2" 18 

6n 1530y; 155Ib, 23/2+—>19/2+ 30,13 
6n 1 5 V 21/2+—>17/2+ 18,30 
7n 152Dy. 3+•—*6+; 154Gd 17,15 
4n 155Dy, 19/2"—> 15/2" 11 

7n 152oy. 5"—4+i152Gd, 8+—» 6+ 17,16 
5n 8+—v 6+ 11 
8n 1520d, .+ .+ 

1 16 
151cy, 9/2"—>7/2" 27 



T 2 3 4 

532.3" 104. + 8. 85. + 5. 64. + 5. 
541.3 67. 6. 47. + 5. i 
544.0 17. + 6. 26. + 5. 
547.0 23. + 3. 
551.3 44. + 6. 
553.9 30. + 6. 20. + 6: ' 
557.0 89. + 5. ' 59. + 5. 30. + 8. 
560.2 63. + 5. 45. + 5. 
563.2 40. + 4. 60. + 5. 76. + 8. 
566.3 24. + 5. 9. + 4. 
577.3 17. + 6. 
531.6 87. + 6. 62. + 5. 42. + 6. 
584.5 25. + 4. 
588.0 38. + 6. 19. 4. 
591.5 30. + 6. 
587.3 
596.6 26. + 7. 120. * 7. 60. + 7. 
600.8 20. + 7. 30. + 6. 
604.6 52. + 6 97. + 6. 76. + 7. 
609.6 44. + 6. • 91. + 6. 
613.7 165. + 7. 275. + 8. 260. + 10. 
617.0 37. + 6. 37. + 6. 
622.2 11. + 6. 
.626.8 35. + 6. 35. + 6. 26. + 7. 
631.0 6. + 5. 

6n 153Dy, 25/2+—>-21/2+ 30 
6n 153Dy, 13/2"—»9/2~ 30 
4n 155Dy, 29/2+—»25/2 + 11 

154Gd, 15 
6n 30 
7n 152Dy. 5 ~— 17 
5n 154Dy, 10+—* 8 + 11 
6n, 7n 30,17 
7n 76Ge (n.n') , 152i* 9 7 " 8,17 

6n 1530y, 29/2+—25/2+ 18 

5n l54Dyf + 11 
3n 156Dy, 10+->10+ 12 

74Ge (n,n'; 8 

4n, 7n 155Dy, 33/2+—» 29/2+ t 152Dy 11,17 
7n 74Ge (n,n} ; 152Dy 8,17 
7n' 152Dy, 2 +_>0 + 17 
5n, 6n • 153Dy, 17/2 "=—V 13/2~S 154Uy 30,11 

6n 153Dy, 33/2+—> 29/2+ 18,30 



1 3 4 

6 3 6 . 7 4 2 0 . + 10 3 6 0 . + 7 . 2 6 0 . + 1 0 . 

6 4 7 . 1 1 6 3 . + 7 . 2 6 0 . + 5 . 3 1 0 . + 1 0 . 

6 5 0 . 5 2 4 . + 5 . 2 0 . + 5 . 

6 5 9 . 7 3 5 . + 5 . 

6 6 8 . 6 3 5 . + 7 . 2 6 . + 7 . 

6 7 0 . 0 1 1 . + 7 . , 

6 7 2 . 8 4 1 . + 6 . 1 7 . + 7 . 

6 7 4 . 0 3 6 . + 7 . • 

6 8 3 . 3 9 5 . + 7 . 1 8 6 . + 5 . 2 2 1 . + 5 . 

6 9 3 . 0 5 9 . + 7 . 7 8 . + 3 . 

6 9 6 . 0 4 5 . + 7 . 

7 1 3 . 2 6 6 . + 5 . 1 6 0 . + 7 . 

7 3 5 . 3 4 3 . + 1 5 . 6 1 . + 5 . 

7 4 5 . 7 1 6 . + 8 . 4 3 . + 5 . . 

7 4 7 . 1 1 3 . + 3 . 

7 5 8 . 5 3 1 . + 5 . 

7 7 5 . 2 ' 6 2 . + 5 . 

8 0 9 . 1 5 0 . + 7 . 

8 3 4 . 8 4 0 . + 6 . 1 3 9 . + 5 . 7 4 . + 4 . 

8 4 3 . 7 6 2 . ' + 6 . 1 1 2 . 0 + 4 . 

8 4 6 . 7 5 2 . + 7 . 124. . + 5 . 4 6 . + 9 . 

8 5 0 . 1 2 4 . + 7 . 

8 6 8 . 2 4 9 . + 5 . 

9 3 2 . 5 1 0 . + 7 . 

9 3 7 . 0 5 5 . + 6 . 1 0 0 . • • + 6 . 

9 4 1 . 6 9 . + 5 . . 

5 I 7 

6n 1 1 / 2 " — 7 / 2 " 3 0 

7 n 1 5 2 D y , 4 + — » 2 + 17 

7n 1 5 2 D y 17 

6r. 153cy 3 0 

6n 1 5 V 3 7 / 2 + — » 3 3 / 2 + 3 0 

6n 1 5 3 D y . 3 7 / 2 + — ^ 3 3 / 2 + 3 0 

7n 1 5 2 D y , 6+—8+ 17 

7 2 G e ( n , n ' ; 8 

on 1 ° B C n . »')• 153oy 8 , 3 0 

8 n , 7 n 1 5 2 D y ; 1 5 1 D y 1 7 , 2 1 

7n 1 5 2 D y 17 

7n 2 7 a ( n , n ) i 1 5 2 D y , 3 + — 6 + - . 8 , 1 7 

8 n 151Dy, 1 1 / 2 " — » 7 / 2 " 27 

7n 1 5 2 I ) y 17 

7 2 Ge ( n , n ' ) 8 

2 7 A 1 ( . n , n ' ) 8 

5 6 F e ( n 8 

7 3 G e (n . S ) 7 4 G e 8 

I' 



1 

1014-6 
1 0 9 7 . 7 

1 7 7 9 . 5 

7 2 . + 7 . 1 6 0 . + 7 . 9 0 . + 6'. 

26. + 6. 
6 0 . + 7 . 

2 7 Al ( n . O 

2 7 A1, ( n , n ) 

o o 



Energy 

t r a n s i t i o n Alpha p a r t i c l e s bombarding energy 311 Assignment 

E O e V ) 110 MeV 120 MeV / 130 MeV 

1 2 3 4 5 6 7 

52.9 980. + 30. 

65.6 250. + 10. 1 5 1 Tb, 2 9 / 2 > • 27/2 + 28 

72.4 , 390. + 10. Pb, Ka, 40 

74.3 18. + 6. 720. + 30. Fb, Ko<2 40 

75.7 30. + 10. 6n 1 5 3 Dy, 1 3 / 2 + — > 1 1 / 2 " 14 

76.2 20. + 14. 45. + 5. 

81.3 23. + 2. 29. + 4. 

2 0 . R ) 

1 5 3 Tb, 7 / 2 + — > 5 / 2 + 18 

84.5 250. + 2 0 . R ) Fb, K ^ , 40 

86.8 37 • + 2. 37. + 4. 80. + 7. 4n 1 5 5 Tb, 1 5 5Dy, 5 / 2 " — » 3 / 2 " [ 5 2 1 ] ' 11 

90.2 15. + 2. 150. + 8. 27AI ( n , a ) 2 S a 8 

93.0 250. + 10. 

98.7 • 38. + 2. 33. 4. 

100.2 15. + 4. 

104.9 85. + 4. Ŝb 11 

108.9 6. + 2. 43. + 3. i m p u r i t y , l 6 0 (a, PV9F 8 

115.6 24. + 4. 19. + 2. 9. + 3. 

117.8 12. + 3. 19. + 2. 

119.3 16. + 3. 
1 5 5 Tb, 1 5 / 2 " — > 1 3 / 2 " 13 



2 3 4 5 

123.1 47. + 2. 45. + 2. 55. + 3. R> 
132.0 14. + 2. 16. + 2. 
,134.5 12. + 2. 10. + 2. 26. + 3. 

7. R> 140.4 14. + 2. 12. + 2. 200. + 

3. 
7. R> 

146.8 10. + 2. 12. • 2. 16. + 4. 4r 

150.0 5. + 2. 18. + 2. 15. + 3. 
154.5 4. + 2. 15. + 4.3 3n 
159.4 24. + 2. 24. + 2. 50. + 4. R> 
162.3 54. + 2. 40. + 2. 31. + 3. 8n 
169.6 15. + 3. 20. + 2. 
174.5 63. .5. 
180.7 17. + 2. 
184.1 47. + 3. 33. + 2. 26. + 4. R 

193.2 30. + 3. 23. + 3. 26. 4. R 8n 

195.0 19. + 3. 21. + 3. 
198.4 36. + 2. 33. + 3. 214. + 8. • 
200.4 34. + 3. 
206.0 55. + 2. 42. + 3. 9n 
210.0 15. + 2. 18. + 2. 
213.4 13. + 2. 26. + 2. 
221.1 8. + 2. 4n 
225.7 51. + 4. R 

227.2 34. + 2. 40. + 2. 4n 

1 5*<M, 2*—+ 0 + 15 

155Tb, 1 1 / 2 + — > $ / 2 * 13 
75mGai 155Tb, 19/2'—v17/2" 8,13 
153Tb, 3/2+—* 5/2+; 155Dy, 11/27/2" 

18,11 
\55Tb, 23/2~—» 21/2" 13 
156Dy, 2 + > 0+ 12 
152Tb, 8+ >5" 16 
impurity, 151Dy: 155Tb,9/2+-*7/2+ 27,8 
27A1 (n,n') 8 
71mGe; 8 

160 (a,pn)18P; 155Tb, 7/2+—»5/2+ 8,13 
( 1 5 V , 13/2+—* 11/2" 27 
•151rb, 27/2"—»25/2" 28 . 

71mGe 8 

1 5 0 D y ; 1 5 3 T b , 1 1 / 2 * — » 9 / 2 + [404] 1 9 , 3 2 

155Dy, 15/2"—13/2" [ 5 0 5 3 11 

(155Dy, 17/2+—»13/2+ 11 
'•153Gd, 17/2+—>13/2+ 18 



1 

1 2 3 4 

198.4 33.3 + 2.7 47.8 + 3.6 190. + 30. 
202.3 102.3 + 4.7 83.2 + 2.9 

211.0 11.9 + 1.8 
213.0 6.6 + 1.2 
219.6 20. + 2. 45.8 + 2.4 50. + 9. 
221.3 44. 2.4 

20. 227.0 340. + 10 . R > 520. + 20. 230. + 20.' 

235.0 3.4 + 1.4 6.9 + 1.7 
238.6 29.5 + 1.6 41.0 + 2.0 40. + 10. 

243.4 19.6 + 1.5 52. + 12. 
247.6 28.2 + 1.5 42.0 + 1.9 
253.2 17.2 + 3.3 55.7 + 2.6 
254.7 28.5. + 3.3 

266.5 320. + 20. 152.4 + 8.2 122. + 15. 
267.8 19.2 + 2.7 
275.2 7.9 + 2.5 27.0 + 13. 
280.9 10.8 + 1.4 11.4 + 1.7R 

289.4 ' 7.5 + 1.5 
291.7 10.8 + 2.1 12.2 + 2.0 
296.9 15.7 + 1.9 20.1 + 2.4 130. + 15. 

5. 6 7 

4n 19/2+ —»17/2+ [411] 13 
1 5 5 S y , U/2~--*11/2" [505] 11 

2n 1 5 7 * y . 17/2"15/2" [ 5 0 5 ] 10 

4n 1 5 5 D y . 15/2"—13/2" [ * » J 11 
p3n 5/2" —» 3/2+ 13 

1 5 5 S y . 17/2+—» 13/2+ 1-1 
2n 157I)y 10 
p3n 155Tb, 13/2"—» 9/2" [532] 13 
4n 1 5 5 D y . 17/2"-»15/2" 11 

154Gd, 4+-»2 + ; 156Dy 15,12 
p3n 155-Tb, 11/2+—»7/2+ 13 

1«Tb, 7 / 2 5 / 2 + [402] 
4n 1 5 5 D y , 19/2"—>17/2" 11 
3n 1 5 6 D y , 4 + - » 2 + 12 

p3n • '55^ , 15/2~—• 11/2" [532] . 13 
3n 12 

2n ' 1 5 7 D y , 13/2"— 9/2" 
4n 1 5 5 D y . 13/2"—9/2" [521] 11 
3n 156Dy 

[521] 
12' 



1 2 3 4 

325.0 70, + 7. 
329.4 18. + 2. 20. + 2. 50. + 8. 
334.8 53. + 2. 30. + 9. 43. + 6. 
339.2 9. + 3. 
344.4 170. + 5. 156. + 4. 149. + 13. 
347.7 46. + 3. 51. + 3. 55. + 7. 
354.7 48. + 3. 60. + 3. 57. • 7. 
360.3 23. + 6. 
363.2 18. • 3. 24. £ 3. 23. + 6. 

366.9 , 13. + 3. 17. 3. 

371.5 15. + 3. 15. + 6. 

376.6 5. 3. 22. + 6, 
379.3 22. • 3. 25. + 3. 46. + 6, 
386.2 11. + 2. 8. + 3. 16. + ' 4, 
394.0 10.4 + 0.3 146. + 4. 140. + 10, 
397.1 58. + 3. 77. + 3. 58. + 8, 

407.4 30. + 3. 

411.8 92. + 4. 90. + 9. 110. + 11 
414.0 30. • 8. 

154«*. 2+—» 0 + 11 
impurity 8 
1 5 1 D y . 21/2"—* 17/2", 152<M, 2 +-»0 + 27, ,16 
15 4M. 6+—» 4+ 15 

155Xb, 17/2"— 13/2", 153M,21/2+->17/2+ 13 
1 5 5 P y . 21 /2+—> 17/2+ 11 

6 +—>4 + 12 
1 5 3 D y . 19/2 +—»17/2" 18, 30 
157Dy, 15/2"— 11/2" [505] 
157Dy. 17/2"-—13/2" [521] 10 

1 5 V 6+-*4+, 151Tb, 15/2+—15/2" 19,28 
1 5 2 0 y , 7"_> 6+ 17 
1 5 V 15°Tb , . 1+—»2" 29 
1 5 V , 6 J - 4 * 11 

17/2"— 15/2" 27 
1 5 < D y , 4+-—» 2 + i1520d, 4 +-y2 + 11,16 



2 3 4 

417.2 18. • 4. 14. + 5. 
428.3 9. + 2. 
431.7 45. • 2. 36. + 2. 37. + 6 
435.6 14. + 2. 10. + 2. 15. + 5 
438.8 48. + 4. 63. + 3. 64. + 8 
441. 30. + 4. 20. + 3. 
444.4 7. + 2. 
448.1 44. + 2. 33. + 3. ' 24. + 4 
455.1 24. + •3. 29. + 3. 17. + 4 
4b7.3 24. «/• 19. + 3- 21. + 5 
472.4 50. + 3. 46. + 3. 54. + 8 

477.0 53. + 3. 40. + 3. 
481.8 22.4 + 2.9 24. + 3. 29. + 6 
488.7 40. + 2. 31. + 10. 37. 7 
493. 47. + 2. 36. + 9. 60. + 8 
496.7 21.1 + 1.9 36.. 9. 
499.7 56. + 8 
503.2 38. + 2. 68.5 + 8.9 63. + 9 
511. 62. + 2. 
516.1 35. + 3. 24. + 7 
520.2 32. + 3. 18. + 4. 
523.8 56. + 3. 40. + 4. 48. + 9 
527.3 122.4 + 3.7 93.3 + 3.7 80. + 10 

5 6 7 

8+—» 6 + 15 

8n 151Dy 27 
23Na (n,n'); 153Tt 8,32 

6n 1^I>y 30 
3n 1 5 6 D y . 6+j 153Tb 12,32 
6n 1 5 3 D y . 17/2+-— 13/2+; 153Tb 30,32 

153^ 32 
On 151Dy 

152 M. 16 
27A1 155Ib 8,13 

5n 1 5 4 D y . 6+-^4+; 153(W, 19/2"-»15/2" 11,18 
6n 153Dy; 155Tb, 23/2+—»19/2+ 30,13 
6n 1 5 3 D y . 21/2+—»17/2+ 30 
7n 152Dy, 8 + — * 6+ 17 
4n 19/2"—* 15/2" 11 

9n 15°Py 19 

7n 1 5 2Dy» 5~—» 4+i 152Cd 17,16 
5n 1 5 4 D y . 8+—* 6 + 11 
8n 1 5 1 D y , 9/2"—>7/2"; 152Gd 27,16 



3 4 
i 

532.8 17.5 • 2.8 
542.5 28. + 3. 22. + 2. 28. V 7. 
546. 6. + 3. 
551.1 47. + 4. 84.7 + 5.9 76.2 £ 9.4 
553.6 12. + 4. 
558.1 35.7 + 3.3 39.1 + 5.5 700. + 60. 
563.0 50. + 3. 15.4 + 2.9 

566.0 2.5 + 0.5 60. + 10.R) 
569.9 67. + 3. 37. + 5. 110. 13. 
575. 

/ 
24. + 6. 

581.9 10. + 2. 
584.9 20. + 2.6 
592.3 13. 3. 

50. R ) 596.6 54. + 3. 51. + 4. 460. + 50. R ) 

598.3 110. + 10. 
600.2 10.7 + 2.3 83. + 10. 
604.7 123. + 3. 131. + 4. 
608.3 73. + 10. 
610.3 34. + - 2. 27.5 3.8 
I613.9 124.5 + 4.2 83. + 7. 70. + 10. 

j 7 

6n 153Dy, 25/2+—v21/2+ 30 
7n 152Dy 17 

9n 150Dy, 8+—> 6+ 19 
7n 152Dy, 5"—>3" 17 
5n 154Dy, 1 0 + — 1 1 
7n 76Ge (n,n') 8 

152Dy, (9-)_>(7-) _ 17 
151Tb, 27/2+—• 23/2* 28 

8n 151Dy, 17/2"—y 13/2" 27 Q 
CT> 

6n 153Dy, 29/2*—>25/2+ 30 

74Ge (n,n') 8 
151Tb, 23/2+—>19/2* 28 

7n 152Dyj 151Tb, 15/2"—• 11/2" 17,28 

7n 152Dy 17 
7n 152Dy, 2 +—• 0+ 17 



1 2 3 i 
616,0 45. + 3. 59. + 8. 

624.5 43. • 3. 68. + 5. 60. • 10. 

627.3 28. + 4. 

630.7 70. + 10. 

632.0 23.5 + 3.4 36.8 • 3.3 

20. * ) 637.7 153.9 + 4.9 144. + 23. 180. 20. * ) 

647.6 174, • 7. ' 130. + 15. 

649.7 90. 6. 162. + 11. 200. + 20. R 

653.2 123. • 5. 130. + 10. 150. + 20 

660.6 10.4 • 3.3 

669.3 26.1 + 5.9 

676.8 13.0 + 4. 44. + 7. 

679.1 20. + 7 . R ) 

683.0 112.5 + 2.9 90. + 3. 130. + 60. 

686.7 30. + 10. 

692.6 210. + • 20. 

695.5. 120. + 14. 

707.8 65. + 9. 

718.5 45. • 3. • 52. + 4. 

721.8 19. + 3. 

725.2 40. + 7. 

735.7 52. 2. 40. + 3. 46. + 8. 

. 1 5 1 Tb, 1 9 / 2 " — > 1 5 / 2 " 28 

7n 152Dy 17 

9n 1 5 0 Uy, 8 + — » 8 + 19 

6n 1 5 3 Dy, 33 /2 + 29 /2 + 30 

6n 1 5 3 Dy, 1 1 / 2 " — 7 / 2 " ->11/2" 30 

7n 1 5 2 Dy, 4 + — y 2* 17 

8n 1 5 1Ey 2 7 

1 5 0 Dy, 4 + — » 2* 19 9n 

8n 151Dy, 21/2+—>17/2+ 27 

8n 151Dy, 2 5 / 2 + — » 2 1 / 2 + , 27 
1 5 1 Tb, 3 5 / 2 " — > 3 1 / 2 " 28 

7n 1 5 2 Dy, 6 + — > 4 + 

1 5 1 Tb, 2 3 / 2 " — > 1 9 / 2 " 28 

72Ge ( n , n ' ) 8 

10B ( n . n ) 8 

7n,8n 152Dyj151Dy, 1 5 / 2 " - > 1 1 / 2 " " " , 2 7 

(-» 
O 



1 1 t 

742.0 22. + 

746.8 20.6 + 

753.6 25.5 + 

758.6 25.4 + 

765.0 39. + 

769.3 

775.5 144. + 

785.0. 78. + 

787.9 16. + 

796.0 400. + 

800.1 12. + 

803.5 78. + 

805.9 

809. 93. + 

821.3 74.7 + 

827.9 . 18. + 

833.7 35. + 

839.0 30. + 

843.8 7.5 + 

847.0 43. + 

849.1 

853. 

857. 

2. 31. + 

1.9 

1.9 18. + 

1.9 40. + 

2. 54. 

4. 112. + 

3. 95. + 

2. 38.6 + 

50. 66. + 

3. 

4 . 110. + 

4. 110. + 

3-2 50. + 

3. 45. + 

3. 53. + 

3. 

0.3 58. + 

3. 40.2 + 

4. 39. ± 7. 

34. ± 7. 

3. 15.. . 1 6, 

3 . 48. + 8, 

3 . 83. + 11, 

50. + 13, 

4. 100. + 10, 

4 . 1 16 . + 16. 

3.9 

3. 70. + 10, 

3. 260. + 30, 

60. ± 9. 

3. 100. + 10, 

3. 33. + 8, 

4 . 

6. 

3. 90. + 10, 

2-9 190. + 20, 

45. + 10, 

40. + 10, 

24. i 9. 

9n 19 

In 17 

" ' l b . 3 1 / 2 " - * 27 /2 " 28 
* 

7n 8 + — » 6 + 17 

8n 1 5 V . 1 7 / 2 + — » 1 3 / 2 + 27 

7n 1^2Dy 17 

6n 1 5 V , 1 1 / 2 " — 7 /2 " 27 

9n 1 5 0 Cy, 2 + ~ > 0 + 19 

7n 152Dy 17 

9n 1 5 0 Dy, 1 2 + — 1 0 + 19 

8n 1 5 1 Dy, 1 3 / 2 " - * 9 / 2 " 27 

72G® (n,n') 8 
8n ' 1 5 1Dy 27 

27A1 (n,n') 8 
56Pe ( n, n 8 



1 2 3 4 

868. 137. • 16. 

871.3 26. + 10. 
881. 35. * 7. 

883.3 21. + 2. 14. + 3. 

897.7 60.4 + 8. 

937.5 22. + 2. 

942.4 20.4 + 6.; 

961.4 50.2 * 7. 

984.1 45.3 + 7. 

990.8 17. + 6. 

997.3 18. • 3. 46.4 + 3.5 54. + 8. 

1006.2 18.5 + 2.5 20.7 + 2.9 40. + 7. 

1014.9 118.8 + 3.9 110. + 4. 150. + 20. 

1040.8 11.3 + 3.6 

1042.8 43.4 + 7. 

1048. 29.0 + 6. 

1052.5 21.5 + 6. 

1062.5 17. + 5. 

1065.4 18.6 + 2.9 

1067.7 34.3 + 6.' 

1074.6 35. + 6. 

1079.0 24. + 5. 60. + 10. 

1103.3 19. 7 . 

1107.9 23. + 7. 

7 3 0 e ( n , K ) 7 4 G e 8 

154 Gd, 4 + — * 4 + 15 

2 7 A1 ( n , P 3 ) Z 7 M g a 

1 5 4Gd, 2 + — » • 0 + 15 
1 5 4Gd, 3 + - V 2 + 15 
27Al (n,n*) ' 8 
70GO (n, n') 8 



1 

1274.6 30. • 2. 

1369.4 93.7 + 4.7 
27 A l ( n , o 0 24-


