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I . ACCELERATOR AND NEUTRON PHYSICS CR. tfATCHELOR) 

I . I Acce le ra tor Operat ion ar.d Development (F . A. Howe) 

1 .1 .1 Gene raI 

Considerable e f f o r t continued t o be app l ied t o the 
development o f the t h r e e a c c e l e r a t o r f a c i l i t i e s . During the period a I locateJ 
t o a c c e l e r a t o r physics, t h e Tandem and the 6 MV a c c e l e r a t o r wers useg 
on the basis of a 70 hour week and the 3 MV f a c i l i t y on a 40 hour week. 

S c i e n t i s t s from the Clarendon Laboratory Oxford, Imperial 
Col lege London and the I n s t i t u t e of Technology Bradford continued t o 
associate w i t h AWRE s t a f f on the use of the Tandem machine. 

1 . 1 . 2 Tandem Acce le ra tor (D. R. Akers) 

During the per iod , beams of protons, deuterons and 
t r i t o n s up t o 13 MeV, and oxygen 6 + beams up t o 45 MeV were used.. Beam 
transmission a t low termina l p o t e n t i a l s , eg , 3 MV has been poor, possibly 
due t o damage in the low energy a c c e l e r a t o r tube . 

At t h e end of the p e r i o d , t h e machine was closed down 
in order t o e f f e c t a major se rv ic ing schedule. This includes s e r v i c i n g 
the lower spher ica l tube coupl ing , changing the low energy tube , i n s t a l l i n g 
dog leg s teer ing p la tes in the i n j e c t o r , and f i t t i n g an improved e x t r a c t 
system above the ion source assembly. A new charging b e l t d r ive arrange-
ment w i l l a l s o be i n s t a l l e d . 

The t o t a l t ime a v a i l a b l e during t h e per iod was 16bU 
hours, 1200 hours of which were used by AWRE s c i e n t i s t s , 210 hours by 
s c i e n t i s t s from the u n i v e r s i t i e s and 270 hours were required f o r 
modi f ica t ions and maintenance. 

The associated t e s t bench was used f o r t r i a l s on puls ing 
and bunching of 0 1 6 beams. Bunched beams of 5 ns width a t ha l f height 
were obta ined . E f f o r t s are c u r r e n t l y being made t o dispense wi th the 
g r i d s used on the present bunching system. The buncher aper tures are 
c u r r e n t l y 4 i n . in d iameter , being designed t o cope wi th negat ive beams 
produced by the charge exchange process. A reduct ion in t h i s diameter 
may permit the removal of the gr ids wi th t h e i r a t tendant problems, 
and increase beam transmission e f f i c i e n c y . Tests on the modif ied system 
wi th bunched proton beams from the d i r e c t e x t r a c t i o n negat ive ion source 
w i l l be c a r r i e d out s h o r t l y . 

1 . 1 . 3 The t> MV Acce lera tor (G. James) 

The a c c e l e r a t o r has now been developed in to a very adaptable, 
f a c i l i t y . As wel l as dc beams^ nanosecond and microsecond bunched and 
pulsed beams are a v a i l a b l e . The recent i n s t a l l a t i o n of a gas s t r i p p e r 
now provides f o r He + + beams. 6 yA a t 3 . 7 MV on the terminal and 2 . 0 pA 
a t 5 . 4 MV has been obta ined . Pulsing and bunching of the beam w i l l 
be attempted s h o r t l y . During September a damaged i n s u l a t o r in the 
d i f f e r e n t i a l pumping tube was replaced, and close inspect ion of the 
tube showed no apparent d e t e r i o r a t i o n , eg , no sparking t racks or d i s c o l o r a t i o n 
of the i n s u l a t o r s . An e l e c t r i c a l f a u l t in the windings of the te rmina l 
a l t e r n a t o r occurred and the spare un i t f i t t e d . 
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From October onwards, t h e machine has been used on 
dc beams and bunched beams, and wi th t h e gas s t r i p p e r in p lace no 
apprec iab le reduct ion o f beam t ransmiss ion r e s u l t e d . 

T o t a l exper imental hours used - 700. 

1 . 1 . 4 3 MV Acce le ra to r (G. James) 

The a c c e l e r a t o r is now used f o r both p o s i t i v e ion 
beam experiments and f o r e l e c t r o n i r r a d i a t i o n s on behal f of ESRO. 
Both r f sources and e l e c t r o n guns have been used f o r the l a t t e r purpose^, 

A magnet ica l l y suppressed a c c e l e r a t o r tube was used 
f o r the p o s i t i v e ion beam work f o r severa l weeks, and produced a 
beam of 160 JJA analysed protons on t a r g e t a t 2 MV. Vol tage t e s t i n g 
up t o 3 MV was c a r r i e d out and r a d i a t i o n l e v e l s were we l l below normal . 
Some l i m i t a t i o n on performance was found t o be due t o neut ra l beams 
from the source seeing i n s u l a t o r s in the &ap lens reg ion , and a degree 
o f imbalance i n the magnet system; both of these f a u l t s can be r e a d i l y 
e l i m i n a t e d . 

T o t a l exper imental hours used - 650. 

1 . 1 . 5 A c c e l e r a t o r Tubes ( F . A . Howe, G. James, A.A. Hunte r , 
R. P r o s s e r , G.W. E a t w e l l ) 

A new i n c l i n e d f i e l d tube has been completed f o r 
i n s t a l l a t i o n in the Tandem a c c e l e r a t o r . M o d i f i c a t i o n s t o the e x i s t i n g 
design have been made which i t is hoped w i l l improve beam t ransmiss ion 
a t low energ ies and reduce r i s k of damage t o the p l a n a r s e c t i o n i n s u l a t o r s . 

The 3 MV magne t ica l l y suppressed tube was r e b u i l t 
and i n s t a l l e d in the NPL a c c e l e r a t o r . The tube condi t ioned up t o 
3 MV but minor tube spark ing was observed. A 5% SFg a d d i t i o n was 
made t o t h e t a n k gas f o r a f u r t h e r check, but metaj dust from the 
gas system - d iscovered a f t e r the removal o f the tube - rendered 
t h i s t e s t u s e l e s s . The tube appeared t o be in good c o n d i t i o n on 
inspect ion and was l a t e r f i t t e d t o t h e AWRE 3 MV a c c e l e r a t o r . Some 
imbalance in the magnets was observab le , but normal analysed beams, 
160 JJA of protons on t a r g e t a t 2 MV was ob ta ined and used. The t e s t 
i n d i c a t e d t h a t the main problems of t h e magnetic system had been 
mastered, the minor spark ing being due t o the ion source beam seeing 
i n s u l a t o r s around t h e gap lens region - a f a c t o r which can be r e a d i l y 
c o r r e c t e d . 

The magnetic tube f o r Oxford U n i v e r s i t y is in an 
advanced s t a t e of c o n s t r u c t i o n , and magnets f o r t h i s tube w i l l be 
c a l i b r a t e d by a crossed f i e l d apparatus . This enables the i n t e g r a t e d 
f i e l d t o be measured as a func t ion of e l e c t r o s t a t i c d e f l e c t i o n p l a t e 
v o l t a g e using a 25 kV proton beam. A c c e l e r a t o r tubes a lso due f o r 
c o n s t r u c t i o n a r e : 2 - 8 0 sec t ion aper tured tubes f o r CISE, M i l a n , 
I t a l y f o r a v e r t i c a l Tandem, a 2 MV e l e c t r o n tube f o r NPL, a m a g n e t i c a l l y 
suppressed tube f o r the new 6 MV Harwel l a c c e l e r a t o r , and a 2 MV 
tube f o r Imper ia l C o l l e g e . The 3 MV magnetic tube w i l l be modi f ied 
f o r f u r t h e r t e s t i n g . 

A 50 kV proton a c c e l e r a t o r was completed f o r NPL 
dur ing the p e r i o d . Other p r o j e c t s in hand a r e a proton source k i t 
f o r ESRO and a redesign of the AEI 2 MV a c c e l e r a t o r a t Imper ia l C o l l e g e , 
t o inc lude slow and f a s t p u l s i n g . 
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A modified charging b e l t dr ive system fo r the Tancero 
was completed and tested ready fo r i n s t a l l a t i o n . A mul t ip le s t r ippui 
uni t fo r the Tandem is also under construction designed t o provide: 
a choice from 2. gas s t r ippers and several s t r ipp ing f o i l s by remote 
cont ro I . 

1 . 1 . 6 Target and Counter Development and Radioactive Fo i ls 
(A .H.F . Muggleton) 

Ca) Nuclear Targets (G .T .J . Arnison) 

Beryl l ium ta rge ts have been supplied t o several 
external customers during t h i s per iod and the fume box evaporatk 
system has remained as a bery l l ium f a c i l i t y . I t is expected 
t h a t the fume box w i l l be changed over t o radioact ive work during 
the next per iod. 

The motorized r o l l i n g m i l l has been used successful ly 
fo r producing isotopic t i n f o i l s of 3 mg/cm2 th ickness. The inrie 
t i n f o i l s were d i f f i c u l t t o f a b r i c a t e by t h i s method and i t 
was necessary t o invest igate e l e c t r o p l a t i n g methods for isotopic 
q u a n t i t i e s . Fo i l s of I mg/cm2 could be produced by t o t a l loss 
p l a t i n g using a method developed at AERE, Harwel l . 

E l e c t r o p l a t i n g methods were used in an attempt t o 
produce 8 mg/cm2 N i 5 8 f o i l s for a gas c e l l window. These proveo 
d i f f i c u l t t o produce p i n h o l e - f r e e . The d i f f i c u l t i e s were inertias-, 
due t o the f a c t t h a t the N i 5 8 was t r i t i a t e d and had t o be h a n a k -
under glove box condit ions. 

A large proportion of the e f f o r t has been concentrator 
on developing a technique fo r providing 0.00005 in . t h i c k nickel 
f o i l s of high pur i ty mounted on a nickel r ing 2 in . in diameter. 
These f o i I s had t o be produced t o an exacting s p e c i f i c a t i o n 
and the var iab le parameters were invest igated In order t o f i n d 
a method which was acceptable to the standards required ana 
t o be reproducible. 

During the year 283 ta rge ts have been supplied fo r 
use with the Nuclear Research's D iv is ion 's accelerators and 
a fu r ther 310 t o external users. 

(b) Semiconductor Counters (A.H.F. Muggleton) 

During the s ix monthly period covered by t h i s report 
t h i r t y f i v e s i l i c o n surface b a r r i e r counters have been supplied 
t o in terna l users and external organisat ions. 

Considerable e f f o r t has been expended in developing 
and producing su i tab le surface b a r r i e r counters for use in cross 
section measurements using bomb neutrons. Invest igat ions have 
continued in to the reasons for the d is tor ted output obtained 
from these devices when used in the current mode. Steps have 
been taken to e l iminate t h i s d i s t o r t i o n by (a) using various 
techniques for obtaining non- in jec t ing rear contacts, i e , boron 
and phosphorus d i f f u s i o n s , ion implantation and plated contacts 
and, (b) t r y i n g d i f f e r e n t surface preparat ions. To date measurers, 
ca r r i ed out by SSNA Sol id Sta te Physics Group and the Counter 
Section indicate tha t t h i s d i s t o r t i o n can be a t t r i b u t e d to e f f e c i 
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from f a s t surface s t a t e s . The most consistent r e s u l t s have 
been obtained by copper p l a t i n g the s i l i c o n s l i c e p r i o r t o e tch ing . 
Despite a low y i e l d t h i s technique has produced counters super ior 
t o any comparable commercially a v a i l a b l e devices. 

A s i l i c o n surface b a r r i e r counter w i th two dimensional 
pos i t ion s e n s i t i v e l y has been constructed and is awa i t ing eva lua t ion . 

Development of large volume l i th ium d r i f t e d germanium 
counters f o r high reso lu t ion y ray spectroscopy cont inues. 
Li thium d i f f u s i o n from an e l e c t r o l y t i c a I l y deposited f i l m , using 
a molten LiCI:KCI s a l t s bath is being inves t iga ted ; cons is ten t ly 
even d i f f u s i o n s have been obtained but a low y i e l d of good devices, 
due t o cracking of the c r y s t a l s under thermal shock, has resu l ted . 
Development continues in to t h i s mode of d i f f u s i o n . 

Two, new watercooled, d r i f t i n g assembles are now in 
opera t ion and a 80 cc c r y s t a l i.s being d r i f t e d . 

A 75 mm diameter x 30 mm t h i c k , germanium c r y s t a l has 
been obtained from GEC L t d . , Wembley and is awa i t ing f a b r i c a t i o n . 

(c ) Radioact ive F o i l s (S. Walker) 

Most of the e f f o r t during t h i s per iod has been devoted 
t o preparing f o i l s f o r the c o l l a b o r a t i v e programme wi th LASL 
on cross sect ion measurements using bomb neutrons. See Sect ion 
1.5 f o r f u r t h e r d e t a i l s . 

1 .1 .7 Vacuum Engineering (J .R- Ba i ley ) 

During t h i s per iod the sect ion moved from Bu i ld ing 
N54 t o Bu i ld ing N5£> and the scope of i t s a c t i v i t i e s was c u r t a i l e d . 
V i r t u a l l y a l l research and development work has been shelved although 
some of the special equipment is being used f o r t r a i n i n g apprent ices . 
Design assistance is s t i l l being given on the Yale and Pennsylvania 
spectrograph vacuum problems and some f u r t h e r outgassing studies 
have been made. 

Most e f f o r t has been absorbed in leak t e s t i n g both 
in s i t u and in the laboratory . Halogen diode leak detect ion equipment 
recondit ioned in the sect ion is now a v a i l a b l e on short term loan. 
This method of leak detect ion is demonstrated during lectures de l ivered 
a t the Technical T ra in ing School. 

The sect ion has continued t o supply gas control devices 
and a gas b o t t l e f i l l i n g s e r v i c e . 

The serv ic ing of vacuum equipment continued and i n f l u x 
s t i l l exceeds our handling capac i ty . Over 60 gauge heads were repaired 
and o r recondit ioned including 4 miniature mass spectrometers. Some 
37 contro l un i ts were serv iced , a lso a large number of diaphragm 

. v a l v e s , 16 d i f f u s i o n pumps and about 12 rotary pumps. The economy 
e f f e c t e d has f a r outweighed the cost of the. serv ice arid a l s o provides 
a continued a v a i l a b i l i t y of standardised items. 
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Three c r a f t and t h r e e student apprent ices received 
t r a i n i n g In basic vacuum techniques during t h i s per iod . 

1.2 Ion Sources and Ion Optics CL.E. C o l l i n s ) 

1 . 2 .1 He Iium Negative Ion Formation ( P . T . Stroud, H.S. P icker ing) 

There have been recent reports t h a t low energy charge 
exchange in caesium vapour of He+ beams is a more e f f i c i e n t method 
of producing He" but due t o the hazards associated wi th Cs requires 
c a r e f u l source design. An experimental r i g f o r measuring the f r a c t i o n s 
of He + , HeP and He" leaving a Cs vapour c e l l a t energies of I - 5 
keV has been constructed in order t o obta in experience in handling 
Cs and assess the performance t o be expected from a p r a c t i c a l system. 
In order t o detect the low energy neut ra ls a secondary e l e c t r o n emission 
counter has been developed. Even i f a high secondary e l e c t r o n e m i t t e r 
is used a s i g n i f i c a n t f r a c t i o n of the inc ident p a r t i c l e s w i l l not 
cause the emission of an e l e c t r o n a t these low inc ident neutra l energies . 
The number d i s t r i b u t i o n of m u l t i p l e e lec t ron emission has been invest igated 
and the d i s t r i b u t i o n found" t o be Poisson as is t o be expected t h e o r e t i c a l l y . 
I t w i l l be possible by counting the r e l a t i v e number of inc ident p a r t i c l e s 
which cause the simultaneous emission of I , 2 , 3 e t c e lec t rons and 
f i t t i n g these t o a Poisson d i s t r i b u t i o n t o est imate the number not 
g iv ing r i s e t o an e l e c t r o n , and hence the t o t a l f l u x . The secondary 
e lec t ron c o e f f i c i e n t and hence shape of the d i s t r i b u t i o n w i l l a lso , 
be dependent on the amount of exc i ted He° present in the beam and 
t h i s may enable an est imate of the metastable content to be made. 

In a p r a c t i c a l source i t w i l l be necessary t o conserve 
caesium and a Cs vapour j e t with recycl ing of the Cs is a lso being 
inves t iga ted . 

1 .2 .2 Negative Ion I n j e c t o r Test Rig (U. Akers, D. Swann) 

Klystron Bunching of 0~ 

Tests on the Tandem with the e x i s t i n g buncher using 
0" beams gave pulses of 17 ns width at h a l f h e i g h t . In order t o 
reduce t h i s , t e s t s have now been made on the t e s t r i g using a buncher 
w i th the cor rec t d r i f t length between gr ids f o r 30 keV 0~ . Pulses 
5 ns width a t ha l f height have been obtained wi th a mean bunched 
current of 2 pA a t 22 keV. Technical d i f f i c u l t i e s prevented operat ion 
at 30 keV, the design working vo l tage , but the ind ica t ions are t h a t 
the pulse width would be reduced. I t was a lso found t h a t reducing 
the gap between the gr ids a lso reduced the pulse w id th . 

1 . 2 . 3 D i rec t Ex t rac t ion Von Ardenne Negative Ion Source 
(R. H. Gobbett) 

There is a requirement t o make a duoplasmatron source 
which is e a s i l y demountable t o be used espec ia l l y f o r t r i t i u m and 
oxygen acce le ra t ion wi th the Tandem. A provis ional design is being 
tes ted but the H" output is less than from the o r i g i n a l source. This 
is because i t has not been possible tp obta in the strong magnetic 
f i e l d necessary in the d i r e c t e x t r a c t i o n source wi th the a i r cooled 
coi I in the new design. A permanent magnet system is being considered 
but i t may not be possible t o reduce the s ize of the source wi thout 
a reduct ion in H" output . 
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Oxidat ion and f l a k i n g of the hot cathode has been a 
problem and the l i f e when run on oxygen, is shor t . Tests wi I I be 
made with rhenium f i laments when t h i s mater ia l is received. 

1 . 2 . 4 Ion Implantat ion (F .R. Pontet , L.E. C o l l i n s ) 

A 100 kV acce le ra to r has been modif ied t o enable ion 
implantat ions t o be made in semiconductor mate r ia ls f o r the So l id 
S ta te Physics Group of SSNA. Successful implantat ions of boron have 
been made and beams of carbon and phosphorus have been obta ined. 
At present a rf ion source is used but o ther sources are under cons idera t ion . 
In add i t ion mass analysis in the high voltage terminal at low energy 

w i l l enable heavier ions to be used. 

1 .2 .5 E lect ron and Ion I r r a d i a t i o n (F .R . Pontet , R.H. Gobbett , 
L .E. Col I ins) 

A contract has been obtained from ESRO for the i r r a d i a t i o n 
wi th e lec t rons and ions of . space-components, such as so lar c e l l s , 
t o s imulate the rad ia t ions they w i l l r e c e i v e in space. Improved 
beam f lapp ing systems to give a uniform beam over a large area have 
been made and methods of monitoring the un i formi ty of the beam developed. 

1 .2 .6 Pulsed High Current Ion Source f o r VERA Accelera tor 
(J . Gray) 

The t e s t bench development has been completed and 
the source is now being tested on the VERA a c c e l e r a t o r . 

1.3 Fast Neutron Physics - 6 MV Accelera tor ( J .H . Towle) 

1 .3 .1 Time of F l i g h t Measurements 

( a ) Neutron Sca t te r ing by N i 5 8 and N i 6 0 ( J . H . Towle, 
R. tiatcheI o r , W.B. Gi lboy) 

Analysis and t h e o r e t i c a l comparisons of these data 
obtained in the energy region threshold - 4 MeV with separated 
isotopes are now complete. A p re l im inary repor t on the i n e l a s t i c 
data which show marked d i f fe rences from e a r l i e r measurements 
elsewhere, was given a t the IAEA Conference on Nuclear Data 
( P a r i s , October 1966). A f u l l repor t w i l l be prepared f o r p u b l i c a t i o n . 

(b) I n e l a s t i c Scat te r ing a t 7 MeV from Reactor Elements 
(Na, A l , K, Cr , Fe, N i 5 8 , N i 6 0 ) ( J . H . Towle, R.O. 
Owens*) 

The t h e o r e t i c a l work f o r these elements has been completed 
and a paper e n t i t l e d "Absolute Level Densi t ies from Neutron 
I n e l a s t i c Scat te r ing" has been prepared f o r p u b l i c a t i o n . A 
f u l l s t a t i s t i c a l model c a l c u l a t i o n was c a r r i e d out f o r Fe 5 6 

and N i 6 0 which included s c a t t e r i n g to the known d i s c r e t e energy 
. l e v e l s below 3 .5 MeV together with a continuum of higher levels 
given b^ the Lang and Le Conteur level densi ty formula p(U) = KU~2 

exp 2i/aU. 

*Now a t Glasgow U n i v e r s i t y . 
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While the shape of the low energy continuum in the 
scattered neutron spectrum determines the constant a , the cross 
section of scatter ing to the discrete levels depenas on the 
constant J< (roughly oK - 1 ) . By f i t t i n g the calculated spectrum 
to experiment, both £ and J<, and thus the absolute level density, 
were determined. This has not been achieved previously for 
the s t a t i s t i c a l region of nuclear exc i ta t ion below the neutron 
binding energy. 

These comparisons also show that there is a strong 
d i rect reaction component in the scat ter ing to the f i r s t levels 
in these nuclei (apart from K 3 9 ) , p a r t i c u l a r l y for the 2 + f i r s t 
levels of the even nucle i . There is also evidence for d i rect 
scat ter ing to tne 3"" co l lec t ive level which occurs in the 4 .0 
- 4.5 MeV region in the even nuclei . 

(c) Ine las t ic Scattering to Energy Levels of V 5 1 and Y 8 9 

(J.H. Towle, R.O. Owens, W.B. GiIboy) 

Final corrections and theoret ica l calculat ions are 
now in progress. 

(d) Neutron Scattering by U 2 3 5 and Pu 2 3 9 (R. Batchelor, 
J .H. Towle) 

The data obtained at 2, 3 and 4 MeV, mentioned in 
CNR/PR/7, showed some inconsistences and fur ther runs are necessary. 
These have been postponed unt i l the new detection system mentioned 
in Section 1 , 3 . K g ) is operat ional . 

(e) Neutron Scattering from B1 0 ,and B 1 1 (J .H. Towle, G.J. 
Wal I ) 

No fur ther measurements have been madec 

( f ) : Neutron Total Cross Sections (W. Gi lboy, A.F. Pojur* , 
J .H. Towle, G.J. WalI) 

Total cross sections for 0 , A l , Fe, Ni , Nb and W have 
been measured over the neutron energy range 140 - 410 KeV using 
the pulsed "white-spectrum" technique and a L i 6 - glass s c i n t i l l a t o r . 
Good agreement with previous data (BNL325, Ist and 2nd ed i t ion) 
was obtained, taking into account the lower resolution of the 
present experiment CH5 keV). 

(g) Time of F l ight Spectrometer Development (G.J. Wall, 
J.H. Tow Ie) 

The i n s t a l l a t i o n of a new suspension system t o give 
accurate posit ioning of the .5 m f l i g h t path shie lding tank is 
now complete and w i l l be put into use on scat ter ing measurements 
in the 5 t o 9 MeV region in the near future . 

*Sandwich Course student. 
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A new detector comprising a 5 in . diameter, 2 in . 
tn ick l iqu id s c i n t i l l a t o r ce l l viewed by two XPI02I photomul t ip I iers 
has been b u i l t fo r use in Doth the 2 and 5 m f l i g h t path pos i t ions. 
An improved system of pulse shape discr iminat ion using in tegrat ing 
gates has been i n s t a l l e d and prel iminary tests indicate an improvement 
in both s t a b i l i t y and performance over the Owen system previously 
used. 

A l l slow e lectronics associated with the time of f l i g h t 
f a c i l i t i e s have been replaced by modular uni ts of the Harwell 
2000 ser ies and CPA (AWRE) uni ts t o give a more compact and 
compatible system. 

1 .3 .2 y Ray Spectroscopy with a L i - D r i f t e d Ge Detector 

(a) Studies of y Rays from the B i 2 0 9 (nn 'y ) Reaction (W.B. 
Gi lboy, R.E. Coles) 

A coax ia l ly d r i f t e d Ge-Li crysta l (GL39) of 40 cc 
sensi t ive 'volume has been used to continue studies of the B i 2 0 9 

(nn f ;r) react ion for neutron energies between 3 .0 and 3 .8 MeV 
in order t o supplement neutron sca t te r ing measurements on B i . 
A time resolut ion of £ 10 ns and an energy resolut ion of 7.5 keV 
fo r 2 .5 MeV y rays was obtained with t h i s detector . Several 
new levels in B i 2 0 9 have been recognised and cascade t r a n s i t i o n s 
between these levels have been Observed. The data are being 
analysed and compared with the predict ions of the weak coupling 
mode I . 

(b) Large Nal'(TI) Annulus (W.B. Gi lboy, J .H. Towle) 

Negotiat ions were completed and an order placed f o r 
a ' la rge N a l ( T I ) annulus which w i l l be used t o surround a Ge-
Li y detector in order t o suppress the Compton continua r e l a t i v e 
t o the f u l l energy peaks. This w i l l considerably ease the analysis 
of Y spectra and should improve the s e n s i t i v i t y for detect ing 
weak y t r a n s i t i o n s by at least an order of magnitude. Preparations 
have begun fo r mounting t h i s new detector system on i t s own 
beam l ine in the 6 MV lower target . room. 

(c) Nuclear Lifet ime Measurements (W.B. Gi lboy, R.E. Coles 
and Oxford Univers i ty ) 

In conjunction with a group under Professor K.W. Al len 
a t Oxford Universi ty preparations have begun f o r measuring the 
l i fe t imes of nuclear states exci ted in He^ induced reactions 
by Uoppler s h i f t techniques. A new beam l ine is being assembled 
in the upper t a r g e t room on the 6 MV machine. 

(d) Technical Developments (W.B. Gi lboy, R.E. Coles) 

An improved cryostat which employs ion pumps to achieve 
clean vacuum conditions has been developed fo r housing the large 
Ge-Li counter. This system uses Union Carbide "chicken-feed" 
dewars which great ly reduce the consumption of. l iqu id n i t rogen. 
The Harwell type I887A valve pre-ampI i f i e r s have been replaced 
by Nuclear Enterprises 5283 FET s o l i d s ta te preampl i f ie rs which 
reduced the "pulser resolut ion" from ^ 10 t o ^ 5 keV on the 
large capacity Ge-Li detectors. 
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In conjunct ion w i t h Mr. E lpb ick of CPA a 100 Mc/s 
t ime c a l i b r a t o r has been developed and i s almost ready f o r i n i t i a l 
t e s t s . Th is u n i t provides a s e r i e s o f t ime marker pulses which 
are spaced p r e c i s e l y a t 10 ns I n t e r v a l s and i t w i l l enable very 
r a p i d and accura te c a l i b r a t i o n of t ime of f l i g h t s p e c t r a . 

A c i r c u l a r sur face b a r r i e r counter has been ordered 
from Mr. Muggleton's spec ia l technique group which has 3 symmetr ica l ly 
p laced e l e c t r o d e s on the f r o n t edge and one p lanar e l e c t r o d e 
on the back. I t s f e a s i b i l i t y as a two-dimensional p o s i t i o n 
s e n s i t i v e counter w i l l be I n v e s t i g a t e d . 

1 . 3 . 3 ( n , 2 n ) Ctoss Sec t ion Measurements 

(a ) ( n , 2 n ) Cross Sect ion Measurements w i t h the Large S c i n t i l l a t i o n 
Counter (D .S . Mather , L .F . Pa in ) 

Many runs were performed f o r the t r i t i u m cross s e c t i o n 
w i t h d i f f e r e n t sample th icknesses and d i f f e r e n t beam c u r r e n t s , 
i e , d i f f e r e n t background l e v e l s . A f t e r major c o r r e c t i o n s have 
b«*n made the va lues of t h e ( n , 2 n ) and ( n , 3 n ) cross sec t ions 
ara 45 * 5 and 0 * I mb r e s p e c t i v e l y . The cross sec t ions of 
B 1 0 , B 1 1 and Au were measured and these complete the programme 
of 14 MeV measurements using the "no proiupt" techn ique . Add i t iona l 
machine t ime was u t i l i s e d In p rov id ing data f o r c o r r e c t i o n s 
t o the measured cross s e c t i ons, eg , t h e e f f e c t o f neutrons e l a s t i c a l l y 
s c a t t e r e d In the sample and producing (n ,2n ) events in the s t e e l 
a x i a l tube through the counter . 

The "prompt" system was s e t up but no measurements 
were made on P u " 9 samples; however, the se l f -background of 
these samples was p l e a s i n g l y sma l l e r than a n t i c i p a t e d . 

(b ) Monte Car lo Studies f o r ( n , 2 n ) Cross Sec t ion Measurements 
(P . F ie ldhouse , L.M. H a r r i s o n , D .S . Mather , J . B . P a r k e r * ) 

A paper has been w r i t t e n and w i l l be submit ted t o 
Nuclear Instruments and Methods f o r p u b l i c a t i o n w i t h the f o l l o w i n g 
a b s t r a c t s -

The use of Monte Car lo methods t o c a l c u l a t e the e f f i c i e n c y 
of a gadolimium loaded s c i n t i l l a t o r counter I s descr ibed . A 
m u l t i p l e s c a t t e r Monte. Car lo programme is a l s o g iven which a s s i s t s 
the a n a l y s i s of data from an experiment t o measure ( n , 2 n ) cross 
sec t ions by i r r a d i a t i n g a sample at the c e n t r e o f t h i s counter 
w i t h monoenergetlc neutrons. 

1 . 3 . 4 Data Processing and Computing (A .D . P u r n e l l , K. Wyld) 

( a ) PDP-7 Link 

L ia ison w i t h CPA (Mr. J.W. B i r t l l l ) has cont inued. 
The l i g h t pen and large area d isp lay are now a v a i l a b l e , and 
t h e Data Link (N5I -PDP-7) and associa ted p e r i p h e r a l e l e c t r o n i c s 
are almost ready. 

•Member of CMP D i v i s i o n . 
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The basic t ime of f l i g h t and y ray spectrum ana lys is 
program fGr both on and o f f l ine use i s complete and work is 
continuing t o update i t as new requirements a r i s e and techniques 
improve. 

(b) DYPSO 

This PDP-7 program has been w r i t t e n which al lows users 
w i t h no programming experience t o w r i t e t h e i r own programs o n - l i n e 
f o r simple and/or r e p e t i t i v e computations which would be too 
t ime consuming on a desk c a l c u l a t o r or too t r i v i a l (or r e s u l t s 
too long delayed) on STRETCH or ATLAS. 

(c) D i s t r i b u t i o n of T r i t i u m tn Thick Targets 

A program is being developed t o enable the t r i t i u m 
d i s t r i b u t i o n (wi th depth) t o be ca lcu la ted from ( a , n ) coincidence 
ra tes in the T ( d , n ) react ion tak ing in to account the m u l t i p l e 
Coulomb s c a t t e r i n g of the i.ncident beam in the t a r g e t . 

(d ) Sundry Computing 

Other computer programs have a lso been developed f o r 
spec ia l ised app l ica t ions inc luding: the ana lys is of f i s s i o n 
neutron spectra ( f o r Dr. Whi te ) ; secondary peak suppression 
in t ime of f l i g h t spectra ( f o r Dr. G i l boy); ana lys is of y ray 
spectra and cross sect ions from deuteron and t r i t o n a c t i v a t i o n 
react ions in Ge ( f o r Mr. Dandy) and ana lys is of secondary e lec t ron 
emission spectra ( f o r Mr. S t roud) . 

Fast Neutron Physics - 3 MV Accelerator ( J . L . Perkin) 

I . 4 . I F ission Data 

(a ) Fast Fission Cross Section Rat io Measurements 
(P .H. White, G.P. Warner) 

The f i s s i o n cross sect ions of U 2 3 3 , U231*, U 2 3 6 , 
U 2 3 8 , N p 2 3 7 , P u 2 3 9 , Pu 2 * 0 and P u 2 l f l have been measured r e l a t i v e 
t o the f i s s i o n cross sect ion of U 2 3 5 t o an accuracy of approximately 
1 2'k a t neutron energies of 1 .0 , 2 . 2 5 , 5 .4 and 14.1 MeV. Combining 
these r a t i o s wi th the known values of the f i s s i o n cross sect ion 
of U 2 3 5 leads t o f i s s i o n cross sect ions having an est imated 
uncer ta in ty o f * and which are mostly in agreement wi th 
other recent measurements. 

(b) Thermal Fission Cross Section Rat io Measurements 
(P .H. White , J .M.A. R e i c h e l t , G.P. Warner) 

The measurements have been completed and the fo l lowing 
is the abstract of the paper presented t o the Paris-Conference 
on Nuclear Data. 

Measurements have been made t o an accuracy of * 2$ 
of the r a t i o s of the f i s s i o n cross sect ions of P u 2 3 ' and P u 2 4 1 

t o t h a t of U 2 3 5 in the energy range 0 .016 t o 0 .55 eV and a lso 
in two thermalised f i e l d s of neutrons. 
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The monoenergetic neutrons were obta ined from a c r y s t a l 
- spectrometer on t h e AWRE r e a c t o r HERALD. A t the t h r e e lowest 

neutron energ ies a v e l o c i t y s e l e c t o r was used t o remove neutrons 
d i f f r a c t e d in to t h e second and higher o r d e r s . At the o t h e r energ ies 
resonance f i l t e r s were used. One thermal neutron f i e l d was 
an ex t rac ted beam from t h e g r a p h i t e thermal column and i t s spectrum 
measured by a t ime of f l i g h t method. The o t h e r thermal neutron 
f i e l d was in a c a v i t y ins ide the thermal column. 

Some d iscrepanc ies between t h e present r e s u l t s and 
previous measurements a re discussed. Cor rec t ions and e r r o r s 
due to the neutron spectra of both t h e monoenergetic neutrons 
and t h e thermal beam and e r r o r s introduced by beam non-un i fo rmi ty 
a r e descr ibed. 

( c ) Measurement of v f o r C f 2 5 2 (P .H . Whi te , E . J . Axton* ) 

A d i r e c t measurement of v (prompt) f o r C f 2 5 2 has now 
been completed and y i e l d s a p r e l i m i n a r y r e s u l t of v = 3 .789 * 
0 . 0 3 0 . The d i f f i c u l t i e s associated w i th t h e s e l f t r a n s f e r of 
t h e c a l i f o r n i u m have been overcome a t the cost of an increase 
in t h e e r r o r of t h e measurement from a hoped f o r 0.5%, t o 0 . 8 $ . 

A paper i s being prepared f o r p u b l i c a t i o n . 

(d) Spontaneous F iss ion H a l f - L i f e o f Pu21*0 (P. F ie ldhouse, 
D .S . tether, E.R. C u l l i f o r d ) 

The spontaneous f i s s i o n h a l f - l i f e of Pu2J»° has been 
determined from t h e measured neutron outputs of t h e Harwell 
neutron standard, t h e three" AIdermaston standards and t h e i r 
known masses and composit ions. An average va lue of ( 1 . 1 7 * 
0 . 0 3 ) x I 0 1 1 year was ob ta ined . Previous determinat ions have 
y i e l d e d t h r e e r e s u l t s of about 1 .2 x I 0 1 1 year and severaI r e s u I t s 
between 1 .3 and 1.5 x 1 0 1 1 y e a r . 

A small t r a c e K 2 ppm) of Cm2**1* in the source mater ia l 
ray account f o r t h e lower values of the h a l f - l i f e quoted. An 
a n a l y s i s of the present source mater ia l i s being made t o t e s t 
t h i s p o s s i b i I i t y . 

1 . 4 . 2 ( n , a ) Cross Sect ions f o r C r , Fe, Ni and Mo f o r F iss ion 
Neutrons ( J . F . Barry , N . J . Freeman) 

Samples have been prepared and a w a i t i r r a d i a t i o n in 
t h e Dounreay Fast Reactor . The neutron f l u x w i l l be determined by 
Y r a y count ing Mnsl+ produced by t h e Fe 5 l , (n ,p )Mn 5 l t r e a c t i o n . A f u r t h e r 
i r r a d i a t i o n of Cr and Mo samples wi th a p a r t i c l e s from a Van de Graaf f 
a c c e l e r a t o r is planned t o f ind the helium e x t r a c t i o n e f f i c i e n c y of 
t h e apparatus used t o heat these high me l t ing p o i n t meta ls . 

1 . 4 . 3 Measurements and C a l c u l a t i o n s of the Doppler E f f e c t 
( J . L . P e r k i n , P. F ie ldhouse, A. B r i c k s t o c k , A.R. Davies) 

The v a r i a t i o n of t h e Doppler e f f e c t from t h e U 2 3 8 ( n,Y) 
reac t ion w i th neutron energy has been measured using the L i 7 ( p , n ) 
r e a c t i o n as a neutron source. The uranium samples were i r r a d i a t e d 
a t a d i s t a n c e of 7 cm from the l i t h i u m t a r g e t and a t an angle of 
120° w i t h t h e d i r e c t i o n of t h e proton beam. Other d e t a i l s of the 
experiment were s i m i l a r t o those described in previous r e p o r t s . 

*NPL 
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The resu l ts obtained are as f o l l o w s : -

Meutron energy group, keV 0 - 1 0 3 - li> b - 23 10 - 33 27 - b4 

Dopp ler o f f a c t 290 t o 770*K, % 11.0 * 5 . 7 2 . 8 * 2.b 3 . 8 * 2 . 4 3 . 4 * 2 . 3 5 . 3 * 1.7 

Only the s t a t i s t i c a l counting e r ro rs are included in 
the quoted e r r o r s . 

A comparison between these r e s u l t s and those from theore t ica l 
ca lcu la t ions awaits the modif icat ion of a computer program to s u i t the 
p a r t i c u l a r geometrical arrangement and range of neutron energies used 
in these measurements. 

Previous measurements of the Doppler e f f e c t for the 
U 2 3 8 ( n , y ) react ion were l imited by the proximity of the Sb-Be neutron 
source used to a maximum temperature of 770°K. In the present experiments 
wi th neutrons from the Li 7 ( p , n) react ion i t has been possible to heat 
samples to temperatures in excess of I800°K. Doppler measurements f o r 
uranium in t h i s temperature region are now in progress using s intered 
discs of U02 instead of the metal samples used a t lower temperatures. 

The r e s u l t s of these experiments w i l l be of i n t e r e s t 
in ca lcu la t ions of the safe ty of large f a s t reactors espec ia l ly those 
concerned with the e f f e c t of a fuel element mel t ing. 

1.5 Cross Section Measurements Using Bomb Neutrons (A. Moat, E. Moss*, 
J . Pugh, D.G. Piper) 

During t h i s period a state of readiness has been maintained for 
the next LASL physics shot with most equipment a l ready ins ta l led in 
the f i e l d . Development has continued, however, on two outstanding items: 
detectors and t a r g e t f o i l s . A 50 keV e lec t ron t e s t f a c i l i t y has been 
b u i l t f o r t e s t i n g de tec tors . I t is able to show whether detectors are 
good for use in the current mode, but because of backscatter of e lect rons 
from the detector surface, i t cannot be used f o r I i nea r i t y measurements. 
Very recent ly the techniques group have made some detectors using a 
new cleaning procedure f o r the s l i c e s , with 100? success fo r diodes 
which operate in the current made. 

D i f f i c u l t i e s have been experienced with the ta rge t mater ia ls 
which are deposited on t h i n nickel backings. The backings f r a c t u r e 
i f they are t au t before the p la t ing operation begins. Attempts have 
been made t o produce f o i l s which are slack t o a cont ro l led degree / Other 
problems a r i s e because of incompat ib i l i t y of most adhesives with the 
v i o l e n t cleaning procedure which is necessary before the p la t ing opera t ion . 

Some design studies have been made of a new recording system 
and a prototype CRT su i tab le for t h i s system has been ordered. 

1.6 Theoret ical Studies (A.C. Douglas) 

Studies on the pulse approximation in mul t ip le Coulomb e x c i t a t i o n 
h&ve been continued by comparing with resu l ts of exact computer c a l c u l a t i o n s . 
The v a r i a t i o n of the best value of the pulse width as a function of 
in teract ion strength has been derived for a number of physica l ly in te res t ing 

cases. 

•Member of CPA D i v i s i o n . 
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2 . TANDEM VAN DE GRAAFF (D. ECCLESHALL*, J . H . TOWLE) 

2 .1 S t r i p p i n g and Pick-Up React ions"with the Mul t i -Ang le Nfegnetic 
Spectrograph 

2 . 1 . 1 A Survey of ( t , p ) and ( + , a ) Reactions (S. H i n d s * * , 
R. Chapman, H. Marchant ) t 

During the recent t r i t i u m a c c e l e r a t i o n per iod , exposures 
were made f o r ( t , p ) reac t ions on the f o l l o w i n g t a r g e t nuclei a t Inc ident 
t r i t o n energ ies of about 12 MeV: C a 4 3 , S n 1 1 2 ' * 2 \ O s 1 9 0 ' 1 9 2 , T J 2 0 3 ' 2 0 * , 
Hq 2 0 I f , p b 2 0 ' * 2 0 8 . Exposures were a lso made..for the f o l l o w i n g ( t , o ) 
reac t ions: C a * 2 ' C a t t . a J K * 1 ' 1 * 3 " * 5 . S c ^ C t ^ J C a - 1 * , T I 2 ° 5 ( + , a ) H g 2 " ° \ 
P b 2 0 7 ( t , a ) T I 2 0 6 " a n d B i 2 C 9 ( t , a ) P b 2 0 8 . 

Progress in analysing e a r l i e r exposures is as f o l l o w s : -

C r ( t , p ) (E + = 12 MeV). 

The analyses of the reac t ions Cr 5 0 » 52» 5 U ( t , p ) have . 
now been completed. No strong 0 + exc i ted s t a t e s were observed in any 
of the f i n a l nucle i 

N i ( t , p ) (E+ = 12 MeV). 

The ( t , p ) exposures on the t a r g e t nucle i N i 5 8 ' 6 0 » 6 2 » 6 U 

have been f u l l y scanned and analysed. No strong 0 + exc i ted s t a t e s have 
.been observed as in the case of C r ( t , p ) . 

( a ) Ni 5 8 ( t , p ) N i 6 0 

Al together 37 exc i ted s ta tes of N i 6 0 were observed 
up t o an e x c i t a t i o n energy of 6 .586 MeV. From the shapes of 
the proton angular d i s t r i b u t i o n s , spin and p a r i t y assignments 
have bean made f o r some of the s t a t e s observed. There i s good 
agreement wi th previous measurements. 

(b ) Ni 6 0 ( t , p ) N i 6 2 

Up t o an e x c i t a t i o n energy of 5 .64 MeV, t h i r t y - f i v e 
leveSs have been i d e n t i f i e d . Spin and p a r i t y assignments have 
been rcade f o r some of the s t a t e s . 

(c ) N i 6 2 ( t , p ) N i 6 l t ' 

Th is exposure was done in c o l l a b o r a t i o n with W. Darcey, 
U n i v e r s i t y of Oxford, and the p l a t e s have been analysed a t Oxford. 

(d) .. N l 6 u ( t , p ) N i 6 6 

From the spectrograph exposure, the ground s t a t e Q-value 
of t h i s r e a c t i o n was ca lcu la ted as Qq = C6.559 * 0 .025) MeV. 
Up t o an e x c i t a t i o n energy of 6 .73 MeV In N i 6 6 , 58 l eve ls were 
observed. Spin and p a r i t y assignments have been made f o r t h i r t e e n 
of these s t a t e s . There a re no previous measurements wi th which 
t o compare the r e s u l t s . " 

* Dr . E c c l f s h a l l is on leave of absence a t the U n i v e r s i t y of Pennsylvania . 
* * D r . Hinds Is now a t the Nuclear Physics Laboratory, Daresbury, Warrington, 
t Some of the work Is in c o l l a b o r a t i o n wi th s c i e n t i s t s from the N i e l s Bohr 

I n s t i t u t e , Copenhagen. 
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2 . 1 . 2 F i n i t e Range E f f e c t s in ( t , p ) Reactions (P .F . Bampton, 
A.C. Douglas, R.N. Glover) 

The DWBA code was modifed to include f i n i t e range e f f e c t s 
fo r two nucleon t r a n s f e r react ions . The approach used was a modified 
version of the theory of Bencze and Zimanyi C G based on the local energy 
approximation. I t is concluded t h a t f i n i t e range e f f e c t s are important, 
the main observations being: (a ) t h a t the ca lcu la t ions are less sens i t ive 
t o the choice of t r i t o n opt ica l potent ia l than are zero range c a l c u l a t i o n s , 
(b) t h a t the cross sections tend t o be enhanced, and (c ) t h a t the r e l a t i v e 
i n t e n s i t i e s predicted fo r capture of a neutron pa i r in to d i f f e r e n t shel I 
model conf igurat ions can d i f f e r very s i g n i f i c a n t l y from the r e l a t i v e 
i n t e n s i t i e s predicted by zero range theory . 

2 . 1 . 3 Shell E f fec ts in the Exc i ta t ion of 0 + States by ( t , p ) 
Reactions (R.N. Glover , A. Macgregor*) 

I t can be shown t h a t the sudden change from strong t r a n s i t i o n s 
t o exci ted 0 + s tates f o r residual nuclei with N S 28 t o weak t r a n s i t i o n s 
f o r N > 28 is basical ly due to c losure pf the f 7 /2 s h e ' 1 a n d "irhe consequent 
t r a n s f e r of p strength (D.W. ca lcu la t ions p r e d i c t the r a t i o of p t o f 
strength t o be 10:1) from 0 + exci ted s ta tes to the ground s t a t e . This 
shel l e f f e c t explanation was confirmed by the experiment S r 8 6 ( t , p ) S r 8 8 

wherein the neutron p a i r closes the g 9 / 2 she l l leaving the f i n a l nucleus 
with N = 50. Ir. the g g / 2 shel l one woufd again p r e d i c t , from shel l model 
considerat ions and D.W. c a l c u l a t i o n s , a weak ground s ta te and strong 
0 + exci ted s t a t e t r a n s i t i o n s . In f a c t two strong exci ted s ta tes were 
observed with a t o t a l in tens i ty of 1.6 times the ground s t a t e . This 
compares with a f i g u r e of 1 .9 f o r the s imi la r react ion Ca l t 6 ( t ,pJCa"4 8 

where the added neutron pa i r closes the f 7 / 2 shel l leaving an N = 28 
residual nucleus £23. 

2 . 1 . 4 Study of Even-Odd Nuclei in the f - p Shell (A. B a l l * , 
G. Brown*, A. Denning*, R.N. Glover) 

Experiments of the type [A - Q ( t , p ) and A(d,p) t o the 
same f i n a l even-odd nucleus CA + Q have been undertaken and an attempt 
made t o assign conf igurat ions which are consistent with both sets of 
experimental da ta . A fea ture of the ( t , p ) react ion is t h a t L = 0 t r a n s i t i o n s 
can only occur to residual states with spin equal to t h a t of the t a r g e t 
nucleus. Hence for f shel l nuclei the ( t , p ) react ion enables us t o d is t ingu ish 
between s ta tes of spin 5 / 2 " and 7 / 2 " and so to check d i r e c t l y the v a l i d i t y 
of spin assignments based on J-dependence e f f e c t s f o r I = 3 t r a n s i t i o n s 
in (d ,p) react ions . 

The f i n a l nuclei investigated so f a r are Ti1*9 and T i 5 1 . 
In the l a t t e r case two low- ly ing leve ls a t 1.43 and 1.56 MeV were shown 
t o give good I = 3 s t r ipp ing pat terns in the T i 5 0 ( d , p ) react ion whereas 
e a r l i e r work C33 a t lower deuteron energy reported these levels as non-
s t r i p p i n g . The T i ' * 9 ( t , p ) react ion shows an L = 0 t r a n s i t i o n to the 
lower s t a t e . The lower s tate can thus be assigned spin 7 / 2 " and the 
upper s t a t e 5 / 2 " . The assignments which would be made on the basis of 
J-dependence are consistent with these spins. In the T i * * 9 ( t , p ) react ion 
a very strong L = 0 t r a n s i t i o n was a lso observed to a level a t 2.69 MeV. 
This level is not observed in the Ti 5 0 (d > p) reac t ion . Hence i t probably 
has a conf igura t ion and is exci ted in the ( t , p ) react ion by 
adding two p neutrons t o t h e Ti1*9 ground s t a t e . In te rac t ion Between 
these 7 / 2 " s ta tes probably accounts f o r the 7 / 2 " level a t 1.43 MeV ly ing 

• U n i v e r s i t y of Bradford. 
1. Nuclear Physics, 81, 76 (1966) 
2 . S. Hinds e t a I . : FHysics Le t te rs , 21, 328 (1966) 
3 . Barnes e t a I . : Phys. Rev. , 136, B43S"(I964) 
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below t h e 5 / 2 " leve l in c o n t r a s t t o t h e p r e d i c t i o n s of s h e l l model c a l c u l a -
t i o n s . C o n f i g u r a t i o n s have been assigned t o severa l l e v e l s below 3 MeV 
which a r e c o n s i s t e n t w i t h t h e observed ( d , p ) and ( t , p ) r e l a t i v e i n t e n s i t i e s . 

2 . 1 . 5 ( t , p ) React ions on t h e Zn Isotopes (R .N. G l o v e r , R. 
Hudson*) 

Scanning of t h e p l a t e s f o r t h e Zn5 1*' 6 6 ( t , p ) r e a c t i o n s 
is wel l advanced. I t is i n t e r e s t i n g t o note t h a t t ^ e s t ronges t t r a n s i t i o n 
t o a 0 + e x c i t e d s t a t e in t h e r e s i d u a l nucleus Z n 6 8 has an i n t e n s i t y ^ 25% 
of t h e ground s t a t e t r a n s i t i o n , in marked c o n t r a s t t o t h e n i c k e l isotopes 
where t h e s t ronges t L = 0 t r a n s i t i o n is £ 10? of t h e ground s t a t e s t r e n g t h . 

2 . 1 . 6 ( d , p ) , C t , p ) and ( t , a ) S tud ies in t h e Region 85 $ A * 100 
(R .N . G lover , G. Brown e t a l . * ) 

The S r 8 5 ( t , p ) S r 8 8 da ta a r e be ing processed and r e s u l t s 
on t h e L = 0 t r a n s i t i o n s were presented above. The nucleus S r 8 8 i s of 
SDecial i n t e r e s t , having a magic number of neutrons N = 50 . The r e a c t i o n 
S r 8 7 ( d , p ) S r 8 8 has a l s o been s t u d i e d . The data w i l l be supplemented by 
i n f o r m a t i o n on t h e proton c o n f i g u r a t i o n s from t h e r e a c t i o n Y 8 9 ( t „ a ) S r 8 8 . The 
( t , p ) r e a c t i o n s on Z r 9 0 , Mo 9 2 and Mo9 5 have been done as p a r t of a general 
study of ( t , p ) r e a c t i o n s in t h i s r e g i o n . The ( d , p ) r e a c t i o n s on S r 8 8 

and Mo9 8 have been done t o complement f u t u r e ( t , p ) work on even-odd n u c l e i . 

2 . 2 The S ix Gap 3 Ray Spectrometer (R. Chapman, R . R . H a r r i s ) 

The s i x gap 8 spectrometer (orange t y p e ) was d e l i v e r e d from t h e . 
AWRE workshops in November. 

The spectrometer should be capable of d e t e c t i n g e l e c t r o n s w i t h i n 
t h e energy range 5 keV t o a t l e a s t 5 MeV and w i t h momentum r e s o l u t i o n 
s e t t i n g s of 0 . 4 , 0 . 8 and I A % a t t ransmiss ion va lues of I , 5 and 102 
r e s p e c t i v e l y . 

Using t h e K i n t e r n a l conversion e l e c t r o n s (624 keV) from C s 1 3 7 

as t h e monoenergetic e l e c t r o n group, t e s t s have been s t a r t e d t o check 
t h e pole p l a t e p r o f i l e s and the coopera t ion of the gaps. The t r a n s m i s s i o n 
swi tch descr ibed by BisgSrd P H is being used f o r t h i s purpose. 

Work is proceeding on the automat ic c o n t r o l of t h e $ spectrometer 
using t h e PDP7 computer. 

2 . 3 Coulomb E x c i t a t i o n 

2 . 3 . 1 Coulomb E x c i t a t i o n of Deformed Nuc le i (G.D. Symons, 
A . C . Douglas) 

The e f f e c t of band mixing on t h e p r o b a b i l i t y f o r m u l t i p l e 
Coulomb e x c i t a t i o n w i t h i n t h e ground s t a t e r o t a t i o n a l band has been s tud ied 
using the Winther -de Boer computer code. Recent data f o r Sm1 5 2 have 
been r e - e v a l u a t e d and a l i m i t s e t on t h e magnitude of t h e angular momentum 
dependence of t h e i n t r i n s i c quadrupole moment Q . 

* U n i v e r s i t y of Bradford . 
I . Nuc l . I n s t r . and M e t h . , 22 , 221 (1963) 
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2 . 3 . 2 160° Spectrometer CG.D. Symons, R.A. brown) 

This spectrometer has been thoroughly overnauled and 
f i t t e d wi th a 4 . 8 cm x 0 . 8 cm pos i t ion -sens i t i ve s o l i d - s t a t e detector 
for use as a narrow-range CAE/E % 2%) spectrograph. I t is intenaea 
t o use the spectrometer for d i r e c t l y recording the scattered p a r t i c l e s 
fo l lowing Coulomb e x c i t a t i o n with heavy ions. 

2 .4 Neutron Time of F l i g h t Studies 

2 .4 .1 Neutron Scat ter ing CJ.A. Cookson, J . L . Wankling, 
J .G. Locke) 

A new programme of f a s t neutron scat ter ing cross sect ion 
measurement has begun. The system is bas ica l l y t h a t used f o r the sca t te r ing 
of 10 MeV neutrons from L i 6 and L i 7 but a number of improvements 
have been made t o the shie ld ing end the detector system. In pre l iminary 
measurements the t ime resolut ion for e l a s t i c a l l y scattered neutrons 

.was 2 . 3 ns. PDP7 computer programmes f o r handling the data are under 
development. The f i r s t measurements are l i k e l y t o be with 10 MeV neutrons 
on B 1 0 , B 1 1 and l l 2 3 8 . 

2 . 4 . 2 Analogue States in (p ,n) and (d ,n) Reactions CJ.A. Cookson, 
D. Dandy) 

The experiment using analogue s ta tes seen in Cp,n) 
react ions on f 7 / 2 shel l nuclei t o measure Coulomb displacement energies 
has now been wr i t t en up, as has work on analogue states from (d ,n ) 
react ions (wi th G.C. Morrison, AERE). 

2 . 4 . 3 ( t e n ) , (d ,n) and (p ,n) Reactions CJ.A. Cookson) 

Time of f l i g h t spectra have been obtained for the ( t , n ) 
react ions on carbon, s i l i c a , calcium, F e 5 6 and N i 5 8 t a rge ts but have 
not been analysed apar t from a q u a l i t a t i v e check t h a t there was no strong 
analogue s ta te group in the spectra from the iron and nickel t a r g e t s . 

An anyular d i s t r i b u t i o n for the C 1 3 Cd,n)N l l i react ion 
was obtained with 7 MeV deuterons and the e x c i t a t i o n function a t 20° 
was measured up t o 12 MeV. The intent ion is t o check the reported d i f f e r e n c e 
C23 between the r a t i o s of the reduced widths of T = 0 and T = I s tates 
obtained from Cd,n) react ions and the r a t i o s obtained from (He 3 ,d ) 
react ions. 

The ana lys is of (p ,n) measurements of excited s ta tes 
of Co5** and Cu 5 8 is almost complete. 

2 .5 Ac t iva t ion Measurements of GeCd,x) and GeCt,x) (D. Dandy, G. Garner) 

I mm t h i c k s l i c e s of natural Ge have been i r rad ia ted with deuterons 
and t r i t o n s a t beam energies between 7 . 0 and 13.0 MeV a t approximately 
0 .5 MeV i n t e r v a l s . Thick ta rge t y ie lds of several react ions, eg, ( d , n ) , 
(d ,2n ) , Cd,p), ( d , t ) , C t ,n ) , Ct ,2n) , ( t , p ) and C t , d ) , have been measured 
by observing the Y ray decay of the react ion products using a 17 cc 
Ge/Li de tec to r . The experimental work ' is complete and the analys is 
well under way. Curves of ac t i va t ion cross sections versus energy should 
be obtained t o about I0£ in favourable cases. 

1. CNR/PR/7 
2. Siemssen e t a l . : Phys. Rev. L e t t . , 16, 1050 
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2 . 6 • The React ions 0 1 6 (n ,cx) and C 1 2 ( n , a ) CD. Dandy, G. Garner) 

P re l im inary work has been c a r r i e d out on the Tandem in order t o 
assess the f e a s i b i l i t y of these measurements ( f o r the Medical Research 
Counc11). 

2 . 7 On Line Computer ( M . J . L . Yates) 

The f i r s t stage of p u t t i n g t h e PDP7 on l i n e is almost compiete. 
Nuclear pulse ADC's a r e connected t o the computer, and spectra can be 
accumulated d i r e c t l y from experiments. The data l i n k t o N5I i s almost 
complete, and i t w i l l s h o r t l y be possib le t o operate the computer v i a 
the l i n k . A high speed incremental p l o t t e r has a l s o been connected t o tne 
computer and is heav i ly in use f o r data analyses and output . In a d d i t i o n 
a 17 i n . CRT and l i g h t pen have been provided and some mod i f i ca t ions 
t o the input /ou tput i n t e r f a c e which were found t o be necessary wfnrr. 
using the p r i o r i t y i n t e r r u p t f e a t u r e have been c a r r i e d o u t . 

The For t ran system has been" nod i f ied t o make extens ive use of 
the magnetic t a p e , which has considerably improved i t s convenience in 
use. Magnetic tape programmes now both read and w r i t e tapes f o r t r a n s f e r 
t o STRETCH. A multichannel a n a l y s i s programme has been w r i t t e n .which 
provides a l l the f a c i l i t i e s of a large f a s t k i c k s o r t e r , inc luding up 
t o four ADCs, simultaneous operat ion of a l l p e r i p h e r a l s , and paper tapes 
compatible w i th present (IBM) standards. 

The second stage of the o n - l i n e connection w i l l include the monitor ing 
and contro l of a 6 spectrometer, and a l s o some of the a c c e l e r a t o r funct ions 
such as strong focus c o n t r o l , using a mult ip lexed ADC f o r input and 
stepping motors f o r the ou tpu t . 

3. RESEARCH REACTOR HERALD; INTEGRAL NEUTRON DATA; PHYSICAL MEASUREMENTS; 
SOLID STATE PHYSICS (DIVISION HEAD: J . J . McENHILL) 

3.1 Research Reactor HERALD 

3 . 1 . 1 HERALD Operation (M.C.J . Todd, Manager; D. H indley , 
Senior Engineer; A .F . Thomas, Senior P h y s i c i s t ) 

HERALD has continued t o operate a t 5 I'M during the per iod , 
and the overa l l f r a c t i o n of t ime a t power was 76^. 

At the beginning of September the experimental i n v e s t i g a t i o n 
of the corros ion of N4 aluminium in enriched boric acid so lu t ion was 
completed on behalf of RML, Culcheth. This experiment i s t o be fol lowed 
by a r i g rep lac ing N4 aluminium by magnox. 

For most of the period two in -core experiments were 
conducted on behalf o*3 the Berkeley Nuclear Laborator ies of the CEGB. 
These a r e i n v e s t i g a t i n g the creep of metals a t ambient and l iqu id n i t rogen 
temperatures. 

The d i f f i c u l t i e s experienced wi th the hydrogen r e f r i g e r a t o r 
and reported in the previous period have now been exp la ined . Complete 
f i l l i n g of the secondary hydrogen system is prevented not by t h e presence 
of he I ium but by t h e locat ion of the heat exchanger in the c i r c u i t . 
This r e s u l t s in vapour locking of the heat exchanger so t h a t i t behaves 

•as a condenser. The system layout w i l l be modified in due course t o 
c o r r e c t t h i s d i f f i c u l t y , but in the meantime the source can be operated 
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in t h e b o i l i n g regime. The measured gains using hydrogen ind ica te t h a t 
deuter ium should g ive very high g a i n s , but measurements have not ye t 
been made. The r e l i a b i l i t y of the hydrogen r e f r i g e r a t o r is g iv ing concern 
due t o the appearance of f u r t h e r f a u l t s which r e s u l t in a considerable 
loss of t ime in r e p a i r s . 

3 . 1 . 2 Reactor Physics (A .F . Thomas, N.W. Webster) 

The measurements of thermal neutron f luxes inc iden t 
on the control a&sorbers in HORACE have been completed. A s u r p r i s i n g 
f e a t u r e of the r e s u l t s was a large d iminut ion in f l u x a t the surface 
of t h e cadmium compared wi th t h a t a t the sur face of the s t e e l c ladding 
0 .1 in . t h i c k - the r a t i o var ied from 0 . 2 over the r ra jo r i ty of the absorber 
t o 0 . 3 a t t h e t i p . The estimated peak f l u x a t the top of t h e HERALD 
B absorbers a t 5 MW was est imated t o be 6 x I 0 1 2 n /cm 2 / s . The e f f e c t 
on sa fe ty o f the burn out in HERALD is not s i g n i f i c a n t - the major e f f e c t 
w i l l be one of loss of control I d o l l a r a f t e r 4 years o p e r a t i o n ) . 

An inves t iga t ion of the f a s t neutron f l u x d i s t r i b u t i o n 
in HORACE wi th sulphur as the monitor has given a peak va lue in element 
D5 of 3 x I 0 7 n /cm 2 / s a t 2 W. The r a t i o of f a s t f l u x / t h e r m a l f l u x 
was 1.3 and was sens ib ly constant throughout the core . The values ind ica te 
a peak f a s t f l u x of i- 8 x I 0 1 3 n /cm 2 / s in HERALD a t 5 MW - t h i s agrees 
well wi th d i r e c t measurements using n icke l wires as monitors. 

The use of the pulsed source has been improved by modi f ica t ions 
t o t h e counters , a m p l i f i e r s and the RIDL t i m e s o r t e r . The counters are 
s i l i c o n surface b a r r i e r de tectors wi th 250 g/cm2 L i 6 F; a charge a m p l i f i e r 
feeds a 2000 s e r i e s channel . The. RIDL has been modified t o a l low input 
pulse r a t e s of up t o l 0 7 / s . A switching c i r c u i t which feeds counts 
from two counters into adjacent t ime channels has al lowed measurements 
of t h e r e s o l u t i o n t ime of each channel ( 0 . 1 3 ys) t o ^ 

A new survey of thermal neutron f l u x e s in HERALD beam 
tubes with coba l t monitors has begun. D e t a i l e d measurements of the 
spa t ia l v a r i a t i o n of the thermal f luxes in J I and J2 wi th gold-aluminium 
a l l o y f o i l s has been completed. Previous measurements were wi th f o i l 
c a r r i e r s wi th t h i c k perspex d is tances pieces; the new measurements, 
w i th the minimum of moderator, show t h a t previous est imates of the cadmium 
r a t i o could have been too high by a f a c t o r of two. 

S i x t y - f o u r i r r a d i a t e d r i g s from HERALD were monitored 
in the per iod , r e q u i r i n g 181 f l u x rreasurements. 

3 .2 T h e o r e t i c a l Physics (A. Br ickstock , J . Cameron, A.R. Davies, 
B.A. Knock, I . C . Smith) 

3 . 2 . 1 Doppler C o e f f i c i e n t s 

Previous c a l c u l a t i o n s f o r U 2 3 8 are being extended up 
t o temperatures of 2300°K. Further c a l c u l a t i o n s a re in hand on the 
Doppler changes in the reac t ion r a t e s in small U 2 3 B , U 2 3 5 and P u 2 3 9 

c y l i n d e r s . Neutrons wi th spectra vary ing in the range 0 t o 10 keV w i l l 
be inc ident from an external source. These c a l c u l a t i o n s w i l l be compared 
wi th experiments being done by J . L . Perkin and P. F ie ldhouse. 

Doppler c o e f f i c i e n t s have been ca lcu la ted f o r three 
pulsed reac to r (VIPER) systems; they are a l l r a t h e r more negat ive than 
prev iously est imated . 
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3. ; 2.2 Computer Codes 

SWAN A modified vers ion is being w r i t t e n t o c a l c u l a t e a 
s e r i e s of a d j o i n t f I u x e s r e s u l t i n g from given source d i s t r i b u t i o n s . 
I n t e g r a l s requi red in the c a l c u l a t i o n of f l u x p e r t u r b a t i o n w i l l a l s o 
be produced. 

3 . 2 . 3 C r i t i c a l i t y 

Fur ther c a l c u l a t i o n s a r e in progress on the c r i t i c a l 
s izes f o r mixed uranium/pl u+onium me+aI and oxide systems. 

C a l c u l a t i o n s a r e a lso being done on the increases in 
safe dimensions which can be obtained by the use of var ious types of 
sol id neutron absorbers. 

3 . 2 . 4 Compouna I d e n t i f i c a t i o n (See a l s o Sect ion 5 . 1 1 . 4 ) 

Approximately 1000 mass spectra have now been punched 
and w r i t t e n on t a p e . Tests on methodsof matching spectra a re wel l 
advanced and r e s u l t s t o date a re very encouraging. Even compounds regarded 
as d i f f i c u l t t o i d e n t i f y (eg, Farnesol ) have been r e a d i l y d is t inguished 
from c l o s e l y r e l a t e d compounds by the best of the methods t r i e d . These 
t e s t s are con t inu ing . 

3 . 3 Neutron Physics (A .L . Rogers) 

3 . 3 . 1 Neutron Crys ta l Spectrometer (J .M.A. R e i c h e l t , A .E. 
Stormer) 

Birmingham U n i v e r s i t y a r e using the spectrometer t o 
measure r a d i a l d i s t r i b u t i o n funct ions in glasses and have c a r r i e d out 
p r e l i m i n a r y inves t iga t ions of the e l i m i n a t i o n . o f i n e l a s t i c e f f e c t s 
(Sect ion 3 . 4 ) . 

Sol id Sta te Physics D i v i s i o n , AERE, have c a r r i e d out 
t o t a l d i f f r a c t i o n measurements on heavy water a t room temperature and 
plan t o cont inue the measurements on a high temperature sample. 

The spectrometer has been used t o inves t iga te mosaic 
s t r u c t u r e s of s i n g l e c r y s t a l s of aluminium for neutron monochromation 
purposes. The r e s u l t s from a number of c r y s t a l s which were grown from 
the melt and then cooled a t d i f f e r e n t r a t e s showed t h a t f a s t coo l ing 
tended t o produce a more symmetrical and smaller mosaic d i s t r i b u t i o n . 

3 . 3 . 2 Pulsed Neutron D i f f r a c t i o n ( R . J . R . M i l l e r , J .M.A. R e i c h e l t ) 

A system has been set up in which three separate experiments 
share the chopped "white" neutron beam. 

The magnetic s t r u c t u r e of m e t a l l i c ox ides and i n t e r m e t a l I i c 
compounds have been observed and i l l u s t r a t e a f u r t h e r a p p l i c a t i o n of 
t h e t ime of f l i g h t method. 

Coherent I n e l a s t i c s c a t t e r i n g measurements on a s i n g l e 
c r y s t a l of aluminium cont inue . 
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Incoherent i n e l a s t i c s c a t t e r i n g measurements, using 
the inverted polycrysta I I i n e bery l l ium f i l t e r method, have been c a r r i e d 
out by Birmingham U n i v e r s i t y on ammonium c h l o r i d e and graphi te E G 
(Sect ion 3 . 4 ) . 

New choppers have been designed, wi th optimised s p e c i f i -
ca t ions; which w i l l eventua l ly replace the e x i s t i n g f a s t neutron chopper 
as the pulsed source. 

3 . 3 . 3 F ission Mechanisms (A. C larke , W.G.F. Core, E. F inch* , 
E .E. Masl in) 

A paper descr ib ing neutron emission measurements using 
the large l iqu id s c i n t i l l a t i o n counter f a c i l i t y has been prepared for 
p u b l i c a t i o n . Data which have r e c e n t l y been c o l l e c t e d from the fragment 
pair corroborate the e a r l i e r work on emission from individual f i s s i o n 
fragments and in p a r t i c u l a r bear out t h a t under c e r t a i n condi t ions a 
maximum in t h e . t o t a l e x c i t a t i o n energy in the region of most probable 
"f ission can occur. 

A pre l iminary run has been made t o measure the energy 
and mass d i s t r i b u t i o n of f i s s i o n fragments from t e r n a r y f i s s i o n events 
a r i s i n g in thermal neutron induced f i s s i o n . The o b j e c t i v e is to determine 
the o r i g i n s of a group of events in binary f i s s i o n with lower than average 
k i n e t i c energy. So f a r some I 0 5 f i s s i o n s have been recorded of which 
8 x I 0 3 are te rnary events. 

The f i s s i o n fragment t ime of f l i g h t f a c i l i t y £22 is 
being reassembled for nuclear s t ruc tu re s tudies , preceded by surface 
b a r r i e r counter cal i b r a t i o n s . 

3 . 3 . 4 & Decay of P u 2 3 9 F iss ion Product (R.L.G. Ke i th ) 

A new set of 3 heat ing i r r a d i a t i o n s have been ca r r i ed 
out f o r P u 2 3 9 . The r e s u l t s show t h a t a t i n f i n i t e i r r a d i a t i o n t ime the 
B power output from Pu 2 3 9 f a l l s more r a p i d l y than was found f o r U 2 3 5 , 
being 6% lower a t I0 3 s and 20% a t I01* s. 

3 . 3 . 5 Thermal F iss ion Cross Sections (R.L.G. Keith) 

Measurements have been made in a wel l - thermal ised reactor 
spectrum t o obta in prec is ion values f o r 2200 m s" 1 f i s s i o n cross sect ion 
of U 2 3 3 , U 2 3 5 and P u 2 3 9 r e l a t i v e t o C o 5 9 ( n , Y ) ; t o be 535.7 * 5 . 0 , 584.1 * 
6 . 1 , and 742.0 * 6 .5 r e s p e c t i v e l y . A paper on the measurements is being 
w r i t t e n for p u b l i c a t i o n . 

3 . 3 . 6 The H a l f - L i f e of U 2 3 3 (R.L.G. Kei th) 

A measurement of the h a l f - l i f e was made by two d i f f e r e n t 
s p e c i f i c a c t i v i t y determinat ions and found t o be 1.550 * 0 .009 x 10s 

year compared t o the accepted value of 1.620 x I 0 5 year; and the value 
was used in the f i s s i o n cross sect ion evaluat ions in Section 3 . 3 . 5 . 

*0xford U n i v e r s i t y . 
1. M. Beg: M.Sc. Thesis, Birmingham U n i v e r s i t y (1966) 
2 . G. Andr l tsopoul is , T . Cornel l and A .L . Rodgers: "Physics and Chemistry 

of F iss ion I " , IAEA, 481 (1965) 
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3 . 3 . 7 Neutron Diffrac+ome+ers (J . B i r t i l l * , J .M.A. Re iche l t ) 

At t h e request of the Neutron Beam Research Committee 
of the SRC a design study of an automated s ing le c rys ta l neutron 
d i f fTactometer and a powder d i f f r a c t o m e t e r which work o f f the same neutron 
beam in the B5 hole has been made. A fea ture of the system is the contro l 
by on I ine computer. 

3 . 3 . 8 On Line Computer (E .E . Masl in , S. Ter ry ) 

The PDP-8 computer with 4K of f a s t memory is operat ing 
in a time shared mode, a l lowing simultaneous data monitoring from one 
4-parameter experiment, one t ime of f l i g h t experiment and per iodic data 
t r a n s f e r s from a conventional ana lyser . In a d d i t i o n e i t h e r an i n t e r r u p t a b l e 
version of the mul t i -ana lyser programme can be used f o r more e f f e c t i v e 
d isp lay and handling of the data or an i n t e r r u p t a b l e vers ion of the 
Edi tor programme can be usedr e i t h e r of which can be loaded without 
d is tu rb ing data c o l l e c t i o n . 

Recent ly the magnetic DEC tape has been de l ivered and 
when i n s t a l l e d w i l l g r e a t l y f a c i l i t a t e the communications between the 
experimenter and the experiment v ia the memory. 

3 .4 Experiments Sponsored by the Science Research Council 

3 . 4 . 1 Neutron Scat ter ing Experiments (Physics D e p t . , Birmingham 
U n i v e r s i t y . Professor J . Walker, D.K. Ross, Y. Sanalan, 
E. Lorch, M. Beg. G. Tuckey (AWRE)) 

(a ) Cold Neutron Apparatus 

During the period under review the cold source was 
commissioned and the enhanced f l u x produced rade i t possible t o 
c o l l e c t data a t a much more reasonable speed. With the present 
l i q u i d hydrogen source the t o t a l cold n e u t r o n ' f l u x (A > 4 A) increased 
by a f ac to r of about 14. i s gain is not constant wi th wavelength 
but increases from 8 a t 4 A t o 16 a t 5 A and the peak neutron 
f l u x now occurs a t about 4 . 8 A. Although t e e t h i n g t roubles with 
the cold source and the data a n a l y s i s system s t i l l p e r s i s t , runs 
with s a t i s f a c t o r y s t a t i s t i c s have been completed fo r vanadium, 
room temperature water and water a t 234°C, the l as t two making 
use of the high pressure tubu lar s tee l sample and the automatic 
sample changer. The var ious computer programmes f o r the p re l im inary 
reduct ion of the data are working s a t i s f a c t o r i l y and the remaining 
a n a l y s i s - i s under way. 

In connection with the assessment of the cold source 
performance, a programme has been w r i t t e n t o der ive the f i l t e r e d 
spectrum from the t ransmi t ted data a t d i f f e r e n t r o t o r speeds and 
t h i s has been done for both the low and high reso lu t ion ro to rs . 
The r e s u l t s from the l a t t e r ind ica te t h a t the use of the bery l l ium 
Bragg edge is no longer necessary f o r adequate reso lu t ion and 
t h a t for the l i qu id hydrogen source t | je best i n t e n s i t y is a c t u a l l y 
obtained, as mentioned above, a t 4 . 8 A. The spectrum measured 
from the ambient hydrogen source is in general agreement with 
t h a t obtained on the water source by means of the disc chopper 
but has much more d e t a i l as a r e s u l t of the b e t t e r r e s o l u t i o n . 

*Member of CPA D i v i s i o n . 26 



The next experiment is a measurement of the s c a t t e r i n g 
from high temperature g r a p h i t e . The sample and i t s control 
e l e c t r o n i c s a re ready and the preparat ion fo r i t s i n s t a l l a t i o n 
are almost complete. Further measurements on benzene and water 
are planned as an extension of previous work, 

(b) Neutron D i f f r a c t i o n Studies on Glass 

In the in terva l before the operat ion of the cold source 
some of the Birmingham e f f o r t was t r a n s f e r r e d t o other HERALD 
f a c i l i t i e s . The D face c r y s t a l spectrometer has been used in 
the measurement of the rad ia l d i s t r i b u t i o n of s i l i c a and germania 
and the p o s s i b i l i t y of conver t ing i t t o a t r i p l e ax is machine 
f o r measuring e l a s t i c d i f f r a c t i o n a re being expiored. 

(c) Down-Scattering Ray Inverted F i l t e r Method 

The usefulness of the f a s t chopper on E face fo r down-
s c a t t e r i n g experiments has been demonstrated. The white pulse 
of neutrons from the chopper is al lowed to pass down the 20 m 
f l i g h t path a f t e r which the neutrons a r e scat tered from a sample. 
Those scat tered down t o less than 0.05 eV may pass through a 
bery l l ium f i l t e r t o a d e t e c t o r . The r a t i o of the t ime of f l i g h t 
spectra in the detector t o t h a t in the beam gives the corresponding 
cross sect ions. Measurements on ammonium c h l o r i d e , graphi te and 
zirconium hydride have been performed. 

3 . 4 . 2 Neutron Scat te r ing by Crysta l Defects ( J . J . Thomson, 
Physical Laboratory, The U n i v e r s i t y of Reading; J. Belson, 
C.D. C la rk , B.H. Meardon, E.W.J. M i tche l l and R . J . Stewart ) 

During the period under review work has been in progress 
on beam tube GIC - conta in ing the cold source - and G2C. Measurements 
are cont inuing on germanium, s i l i c o n and graphi te and w i l l be reported 
when completed. G2C is cur rent Iy„be ing used f o r the range 6 - 13 K 
and GIC f o r wavelengths up t o 17 A. 

Towards the end of the period the l i q u i d hydrogen source 
became operat ional and measurements-of the spectrum and f l u x have been 
made wi th a s l o t t e d disc v e l o c i t y s e l e c t o r . Gains of 14 in the wavelength 
range 6 - 17 K have been obtained compared with the best r e s u l t s with 
any ambient source previously used f o r t h i s work on the HERALD r e a c t o r . 

The work on the c r y o s t a t f o r making long wavelength 
neutron s c a t t e r i n g measurements a t I i qu id ni trogen temperature is nearing 
complet ion. The c e l l is t o be used in conjunct ion wi th the present sample 
changer, the new c e l l being noved au tomat ica l l y in and out of the beam 
when the sample changer moves to and from the specimen p o s i t i o n . A 
new v e l o c i t y se lector has been designed using a s l o t t e d magnesium-cadmium 
cyl inder and w i l l have a transmission of up t o 5056. 

Ca lcu la t ions have been ca r r i ed out f o r i n t e r s t i t i a l 
defects in g raph i te t o examine the defect s c a t t e r i n g anisotropy which 
a r i s e s from the r e l a x a t i o n s which have been ca lcu la ted in various models 
of isolated i n t e r s t i t i a l atoms in g r a p h i t e . 
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Further a t t e n t i o n has been given t o the p o s s i b i l i t y of 
ana lys is of data by the Four ier t ransform of the wavelength dependence 
of the t o t a l de fec t s c a t t e r i n g cross sect ion . 

4 . INTEGRAL NEUTRON DATA EXPERIMENTS CJ.W. WEALE) 

4 .1 VERA Assemblies (P.W. Benjamin, H. Goodfellow, W.B. McCormick, 
M.H. McTaggert, W.J. Paterson) 

4 . 1 . 1 Assemblies I8A and I8B (M.H, McTaggart, AWRE; J .C . Smith, 
H. Atkinson, DERE) 

The measured reac t ion r a t e s In the n ickel r e f l e c t o r 
region of the cores b u i l t to s imulate the composition and c r i t i c a l s i ze 
of the Dounreay Fast Reactor a re being compared a t Dounreay wi th c y l i n d r i c a l 
d i f f u s i o n theory c a l c u l a t i o n s using var ious data se ts . The data sets 
comprise FD2 which is der ived from t h e data f i l e , a rev is ion of the 
nickel data in FD2 by Ravier and the Russian data se t . The main conclusions 
from these pre l im inary c a l c u l a t i o n s a r e : -

(1) A l l three sets agree with the exper imenta l ly observed 
threshold reac t ion ra te U 2 3 8 ( n , f ) . 

(2 ) Of the three sets the FD2 set wi th Ravier n ickel data 
does best a t p r e d i c t i n g the low energy reac t ion r a t e B 1 0 ( n , a ) . 
A l l th ree sets , however, p r e d i c t a higher reac t ion r a t e than is 
observed. 

(3 ) As wi th the B 1 0 reac t ion r a t e , FD2 wi th Ravier nickel 
data does best a t p r e d i c t i n g the U 2 3 5 ( n , f ) react ion r a t e v a r i a t i o n 
through the n ickel reg ion . The FD2 and the Russian sets overest imate 
by 50? and 30$ r e s p e c t i v e l y . 

4 . 1 . 2 Assembly I9A 

In the period June t o September 1966 an assembly was 
b u i l t wi th a core of Pu02 /U02 /CH2 compacts and a r e f l e c t o r of natural 
uranium. The purpose of the measurements is t o provide experimental 
data aga inst which c a l c u l a t i o n s and nuclear data can be checked and 
adjusted to give b e t t e r est imates of c r i t i c a l s izes of mixtures occurr ing 
in f a s t reactor fuel production p lan ts . The measurements included c r i t i c a l 
mass, the cen t ra l core spectrum from 0.5 eV t o 10 MeV and the prompt 
neutron decay constants a t several pos i t ions in the core and r e f l e c t o r 
a t r e a c t i v i t i e s between c r i t i c a l and 3$ s u b c r i t i c a l . 

The corrected experimental sphere c r i t i c a l mass of 18.7 
kg P u 2 3 9 ind icates a s u r p r i s i n g l y large e r ror in the p red ic t ion (26 .8 
kg P u 2 3 9 ) of a SWAN d i f f u s i o n code c a l c u l a t i o n using FD2(R) nuclear 
data : Reasons for t h i s discrepancy are being invest igated and a comparison 
with a GEM Monte Car lo code p red ic t ion is planned. 

Pre l iminary ana lys is of the spectrum measurements below 
I MeV indicates qu i te good agreement with the spectrum given by the 
SWAN c a l c u l a t i o n and the r e l a t i v e values of the reac t ion ra tes U 2 3 8 ( n , f ) , 
U 2 3 5 ( n , f ) and U 2 3 5 In C d ( n , f ) agree wi th the ca lcu la ted values t o w i th in 
10/£. D i r e c t measurements of the f luxes above I MeV by the nuclear emulsion 
technique a r e not yet analysed. 
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The prompt neutron decay measurements show no s i g n i f i c a n t 
dev ia t ions from a s ing le exponential a t any of the pos i t ions in the 
core and r e f l e c t o r . The decay constants e x t r a p o l a t e t o a value a t delayed 
c r i t i c a l 2 . 6 x I 0 3 s - 1 . Comparison wi th a t ime dependent c a l c u l a t i o n 
is s t i 1 1 t o be done. 

4 . 2 Fast Neutron Spectrometry (P.W. Benjamin, J . Redfearn) 

4 . 2 . 1 Development of Techniques 

The PANDA system has been b u i l t with a copy of VERA 
assembly 5A. T h i s system is being used t o compare and check the accuracy 
of the var ious spectrometry techniques. So f a r the p a r t of the gas 
counter work without y d iscr iminat ion has been subjected t o a number 
of t e s t s t o examine the e f f e c t s of count r a t e , space charge sa tura t ion 
and counter environment. As a r e s u l t of these t e s t s some changes have 
been made to the head a m p l i f i e r operat ing condi t ions and a maximum useable 
count r a t e es tab l ished . Also the absolute accuracy of t h e gas counter 
technique over the range 30 keV t o I MeV has been shown t o be bet ter 
than 102. 

Measurements •with the gas counter in VERA assembly 19A 
using y d iscr imina t ion showed t h a t the high count r a t e inherent in a 
plutonium core was causing spectrum d i s t o r t i o n by head a m p l i f i e r s a t u r a t i o n . * 
Therefore a new a m p l i f i e r has been b u i l t wi th the f i r s t stage inside 
the reactor next to the counter . This is now being t e s t e d . 

4 . 2 . 2 ARGUS Computer 

D e l i v e r y of the ARGUS 400 was scheduled f o r I s f October 
1966. However i t is now a n t i c i p a t e d t h a t the computer w i l l not be i n s t a l l e d 
u n t i l January 1967. Because of t h i s delay programmes are having to 
be tested on the Fer ran t i f a c t o r y computer a t Manchester. The ARGUS 
500 has been ordered and is due t o replace the 400 in October 1967. 

4 . 3 C r i t i c a l i t y Physics CL.J. Dalby, H. Goodfellow, R.C. Lane) 

4 . 3 . 1 SCAMP 

Mechanical assembly of the r i g in Bui ld ing A7A experimental 
c e l l , apar t from the i n s t a l l a t i o n of glove por ts , w i l l be completed 
by mid-December 1966. .Water t e s t i n g and c a l i b r a t i o n work w i l l occupy 
a f u r t h e r four t o s i x weeks and during t h i s t ime glove pos i t ions w i l l 
be def ined so t h a t i n s t a l l a t i o n can proceed. Handover f o r acid t e s t i n g 
and nuclear commissioning is scheduled for the end of January 1967. 

The f i r s t experiments on SCAMP w i l l be measurements of the 
c r i t i c a l parameters of a mixture of plutonium and natural uranium n i t r a t e s , 
having Pu:U = 1:3 and a range of H:Pu atomic r a t i o s , t o extend the 
work r e c e n t l y done on ARIES with mixed oxide compacts a t H:Pu:U = 1 8 . 6 : 1 : 3 . 
Further experiments are planned t o evaluate the e f f e c t of heterogeneous 
poisons, held in pyrex g lass , on the c r i t i c a l - s i z e of a plutonium n i t r a t e 
s o l u t i o n . 

4 . 4 Development of High-Current Accelerators as Neutron Sources 
(H. Goodfellow) 

4 . 4 . 1 VERA Accelerator 

Results of the ion source t e s t bed work are being confirmed 
on the acce le ra tor proper. A c y l i n d r i c a l or "gap" lens gives good beam 
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i n j e c t i o n condi t ions f o r matching t h e ion source t o the acce le ra to r 
tube and has the advantage of control s i m p l i c i t y . Pulsed ion cur ren ts 
of 40 mft ( four t imes g rea te r than previously ob ta inab le wi th t h i s a c c e l e r a t o r ) 
have been acce lera ted successfu l ly and brought t o an acceptably small 
spot focus. Beam focussing on the t a r g e t whicn in the VIPER pos i t ion 
is about 20 f t beyond t h e acce le ra to r tube, has s t i l l t o be tes ted 
wi th e x i s t i n g e l e c t r o s t a t i c quadrupole lenses. 

4 . 4 . 2 HVEC ICT Acce lera tor - PANDA 

The U 2 3 5 s u b - c r i t i c a l PANDA r i g was complete in August 
and neutron spectrometry development work was t r a n s f e r r e d t o tne new 
r i g when the VERA reac tor was shut down on 26th September. The PANDA 
t ime of f l i g h t detector hut sh ie ld ing is being improved t o reduce neutron 
background e f f e c t s . In the meantime measurements a re being confined 
t o in-core f l u x r a t i o comparison with threshold f i s s i o n detectors and 
spectrum comparisons in t h e core and in the ex t racted neutron beam 
using proport ional gas counters . 

Minor changes in the ion source e lec t rode design have 
increased t h e maximum a v a i l a b l e pu I sed "current from 12 t o 20 mA. 

4 . 5 VIPER Pulsed Reactor ( L . J . Dalby, H. Goodfellow, R.L . Long, 
W.B. McCormick, M.H. McTaggart, G.V. S tupar t , E.G. Warnke) 

The reactor has been assembled in AWRE workshops and funct iona l 
t e s t i n g of the mechanisms has begun. Deta i led s a f e t y assessment of 
the instrumentat ion, the sa fe ty c i r c u i t , t h e contro l mechanisms and 
the acc ident po ten t ia l is proceeding. Thermocouple core temperature 
sensors have been developed and are being t e s t e d . A prototype f a s t 
a c t i n g y s e n s i t i v e shut down channel incorporat ing a s c i n t i l l a t o r and 
a photodiode is being b u i l t . Provision is being made to record reactor 
power versus t ime during a pulse by convert ing the detector signal 
t o d i g i t a l form and s t o r i n g a sequence of such outputs in the ARGUS 
computer ready f o r subsequent a n a l y s i s . 

Progress in the sa fe ty documentation has involved three d r a f t s 
of the basic Safety Document which has been modified t o take account 
of (a) comments made by the Safety Panel, and (b) progress in d e t a i l i n g 
the design. D r a f t s of the Standing Orders and Operating Ins t ruc t ions 
have been submitted t o the Safety Panel. 

5 . PHYSICAL MEASUREMENTS GROUP (N.R. DALY) 

5.1 Isotopic Analys is by Mass Spectrometry 

5 . 1 . 1 Tandem Mass Spectrometer - MSX (M. Nbrgan) 

The design for the F e r r i s wheel type of ion source 
is being d e t a i l e d . Six samples w i l l be loaded in to the source a t the 
same t ime and analysed in tu rn without opening the source region up 
to a i r . 

5 . 1 . 2 Tandem Mass Spectrometer - MSY (A.C. T y r r e l l ) 

_ 1 6 The instrument continues t o analyse samples as small 
as 10" g. 
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A t e s t s e r i e s of using t h e " i n t e r n a l s tandard" techn ique 
f o r uranium w i t h t h e MSY has proved t h a t t h e p r e c i s i o n f o r the 235 /238 
r a t i o a v a i l a b l e i s equal t o or b e t t e r than t h e MSX performance. In 
f a c t t h e p r e c i s i o n obta ined approaches w i t h i n 25$ of t h e t h e o r e t i c a l 
p r e c i s i o n a t * 0 . 1 ? . 

5 . 1 . 3 MS/5 (J .W. Roberts) 

A number o f measurements have been made f o r H a r w e l l , 
Cu lcheth and W i n f r i t h us ing thermal i o n i z a t i o n and c r u c i b l e source 
techn iques . 

Elements examined were L I , B, Sn, Fe, T e , Zn, Ag, 
Sb, C d , U and Pu. 

P a r t i c u l a r study of the measurement of boron us ing 
t h e borax method showed t h a t the r e p r o d u c i b i l i t y o f r a t i o measurement 
was ~ * 0 . 1 ? or b e t t e r . T h i s w i l l be used t o compare boron wi th c o b a l t 
•for f l u x mon i to r ing . The prec is iQns obta ined using t h e d i g i t a l v o l t m e t e r 
output were s i g n i f i c a n t l y b e t t e r than t h a t ob ta ined using t h e normal 
c h a r t measurements. 

I t has been p o s s i b l e t o measure less than I vg samples 
of iod ine us ing nega t ive ions. The normal p o t e n t i a l s and magnetic 
f i e l d s on t h e standard MS/5 are reversed . Memory e f f e c t s can be overcome. 

5 . 2 High S e n s i t i v i t y Gas A n a l y s i s Mass Spect rometer , ( n , o ) Cross 
Sect ions ( N . J . Freeman, Miss N .L . Campbel l ) 

High p u r i t y samples of Fe, Ni , Mo and Cr have been prepared f o r 
i r r a d i a t i o n in DFR. The i r r a d i a t e d samples, each c o n t a i n i n g I 0 " 6 t o 
I 0 ~ 5 s t cc of hel ium w i l l be ready f o r a n a l y s i s in t h e high s e n s i t i v i t y 
gas mass spectrometer by March 1967. The technique f o r e x t r a c t i n g 
hel ium from Mo and Cr r e q u i r e s f u r t h e r development. 

5 . 3 Surface Physics ( N . J . Freeman, 1 . 0 . La t imer ) 

The b u r i a l of 60 KeV D + ions in s t a i n l e s s s t e e l (EN58B) and t i t a n i u m 
has been i n v e s t i g a t e d over a range of t a r g e t t empera tu res . The t a r g e t s 
were 0 .005 i n . f o i l s clamped t o a l i q u i d N 2 cooled t u b e . The temperature, 
which was measured by a thermocouple spot welded t o t h e back of t h e 
t a r g e t , was c o n t r o l l e d by the beam c u r r e n t . The v a r i a t i o n of t h e r e f l e c t i o n 
c o e f f i c i e n t w i t h dose of D + ions was obta ined by comparing the p a r t i a l 
pressure of 0 2 , as measured by the MS/10 d u r i n g t h e load ing , w i t h the 
0 2 pressure when t h e t a r g e t was a 100? r e f l e c t o r or e m i t t e r ( 0 . 0 0 2 
i n . Ag-Pd f o i l ) . For s t a i n l e s s s tee l t h e f r a c t i o n of the i n c i d e n t 
beam which is t rapped in t h e t a r g e t (n ) decreases w i t h t a r g e t dose 
and tends a s y m p t o t i c a l l y t o z e r o . The t o t a l number of p a r t i c l e s t rapped 
In t h e metal N is c a l c u l a t e d from these curves and i t is found t h a t 
N increases sharp ly w i t h tempera ture . For example, a t 400°K N i s <\> 1 0 1 7 

atoms/cm 2 , wh i le a t I70°K N i s -v. 2 x I 0 1 8 a toms/cm 2 . 

S a t u r a t i o n curves ( i e , curves t e n d i n g t o 100? " r e f l e c t i o n " ) 
were not found f o r t i t a n i u m . T i tan ium has a narrow temperature range 
of 325 - 425°K over which n remained cons tan t a t »v» 97? even up t o doses 
of 3 x I 0 1 9 atoms/cm 2 . Outside t h i s tempera ture range n decreases 
w i th D + dose. 
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Apparatus f o r stage I I of the programme i s almost manufactured, 
and w i l l be assembled e a r l y in 1967. I t cons is ts of a 12 i n . radius 
mass spectrometer which w i l l be used t o study d i r e c t l y the neutra l 
and ionized p a r t i c l e s which leave the sur face . At the moment op t i ca l 
experiments are being undertaken t o study the emission spectra of metal 
t a r g e t s under f a s t ion bombardment. 

5 .4 NPL Separator ( N . J . Freeman, W.A.P. Young, I . D . Agnew (WD4), 
D. Kaine (SPA)) 

T r i a l assemblies of major items of the mechanical and vacuum 
equipment a r e t a k i n g place in Bu i ld ing C I . 5 . The d e l i v e r y of t h e magnet, 
90° beam t u b e , eht insu la tor and the major e l e c t r o n i c items is behind 
schedule, so the assembly and t e s t i n g of the machine In Bu i ld ing AIO. I 
have been delayed u n t i l February 1967. 

5 .5 MSG Gas Mass Spectrometer ( N . J . Freeman, R .E . Powel l , M.C. Jackson, 
I . D . Agnew (WD4)) 

Th is machine is being designed as a replacement f o r the MS/2 
gas machine but w i l l have the advantages of g rea ter s e n s i t i v i t y than 
t h a t of the nuc l Ide spectrometer and a reso lv ing power up t o % 3000. 
The instrument is based on the Capenhurst spectrometers and w i l l be 
bakeable t o 300°C so t h a t u l t i m a t e pressures ^ I0 -** t o r r w i l l be reached. 
The r e c e n t l y developed bakeable s c i n t i l l a t i o n de tec tor and r e t a r d a t i o n 
device w i l l be incorporated in the design. Mass marking, f a s t scanning 
between peaks and scanning of selected regions of a mass spectrum w i l l 
be achieved w i t h a re f ined magnetic f i e l d scanning system (based on 
f i e l d measurement by e r o t a t i n g c o i l ) which is being developed. The 
instrument is expected t o be in operat ion by September 1967. 

5 . 6 Capenhurst Mass Spectrometer f o r the Analys is of UF6 (W.A.P. Young, 
R.E. Powell ) 

The order f o r these machines has now been increased from four 
t o s i x . The f i r s t has been d e l i v e r e d t o Capenhurst, and the second 
is under t e s t here . Construct ion of numbers 3 and 4 has s t a r t e d and 
orders fo r the components of 5 and 6 a re in hand. 

5 . 7 Laser Source 180° Mass Spectrograph (R.W.D. Hardy) 

Development of the new source assembly has led t o a s i g n i f i c a n t 
improvement in the performance of t h i s apparatus and also In i t s r e l i a b i l i t y . 
The t o t a l i o n i z a t i o n e f f i c i e n c y has been measured and has been found 
t o be in t h e region of 8$ . The cone angle of the beam has been measured 
and found t o be about 150°; an approximate t h e o r e t i c a l t reatment of 
t h i s appears t o be in f a i r agreement wi th the observed va lue . The 
apparatus is a t present being used t o study the spectra of t i t a n i u m 
samples in which hydrogen is occluded. 

5 . 8 Laser Time of F l i g h t Spectrometer (N.C. Fenner) 

The e l e c t r o s t a t i c analyser r e f e r r e d t o in the previous repor t 
is now in use but has not produced the expected improvement In s e n s i t i v i t y . 
A s c i n t i l l a t i o n detector which w i l l c o l l e c t more of the emergent.beam 
is a t present under c o n s t r u c t i o n . Much of the period has been taken 
up by at tempts t o penet ra te the energet ic plasma by the laser so t h a t 
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t h e ions could be a c c e l e r a t e d . Th is proved a d i f f i c u l t problem and 
I t was resolved by accept ing t h e ions w i thout f u r t h e r a c c e l e r a t i o n s . 
The energy provided by t h e laser g ives the ions t h e i r d r i f t v e l o c i t y 
and t h e e l e c t r o s t a t i c analyser i s used w i t h the p l a t e s a t about * 1 .0 V. 
Th is method of opera t ion required c a l i b r a t i o n as o n l y a f r a c t i o n of 
t h e ions a r e used in t h e a n a l y s i s and the r e l a t i v e number depends on 
t h e energy d i s t r i b u t i o n of ions of t h a t nass. Some samples of mater ia l 
have been analysed and useful informat ion has come from t h e unca l ib ra ted 
r e s u I t s . 

5 . 9 I o n i z a t i o n Studies (R .E . Powel l ) 

C o l l i s i o n s between e l e c t r o n s and ofcygen molecules and ions have 
been studied using a mass spectrometer . The format ion and subsequent 
i o n i z a t i o n of 0 + ( 4 S ) , 0+C2D) and 0 + ( 2 P ) t o form 0++ has been shown 
t o take p lace . Appearance p o t e n t i a l s f o r 0++ and 0+++ formed by e l e c t r o n 
c o l l i s i o n w i t h oxygen molecules have been measured, as wel l as the ^ 
i o n i z a t i o n p o t e n t i a l of doubly charged oxygen. The AeJ® s t a t e of 0 2 has 
been d e t e c t e d . The Wigner spin r u l e has been used t o e x p l a i n the d i f f e r e n t 
charge exchange r a t e s between t h e A l ^ a n d X 1 ! ^ 3 s t a t e s o f 0 + + and 
oxygen, n i t rogen and argon gas. 2 

5 . 1 0 Retarda t ion Device f o r Improving Abundance S e n s i t i v i t y ( N . J . Freeman, * 
R .E . Powel I ) 

The abundance s e n s i t i v i t y of a mass spectrometer is def ined as 
the r a t i o of the i n t e n s i t y of a beam a t mass M t o the I n t e n s i t y of 
t h e scat tered components of the same beam a t mass (M + I ) o r (M - I ) . 
A t y p i c a l s i n g l e stage Instrument such as t h e MS/5 has an abundance 
s e n s i t i v i t y in the mass 200 region of ^ I01* on the low mass s ide and 
^ 2 x I04* on t h e high mass s ide of the peak. A r e t a r d a t i o n device 
which t r a n s m i t s t o a s c i n t i l l a t i o n de tec tor on ly those ions which have 
lost less than 2 - 3 eV in a col I i s ion process has been developed. 
The abundance s e n s i t i v i t y of an MS/5 type instrument has been improved 
t o about | 0 6 on e i t h e r s ide of a mass 200 peak. Th is technique w i l l 
be tes ted on the MSX two stage Instrument where i t is hoped to achieve 
an abundance s e n s i t i v i t y ^ I 0 8 - I 0 9 . 

5 .11 Mass Spectrometry Data Centre (R.G. R id ley ) 

The Data Centre is supported by t h e O f f i c e f o r S c i e n t i f i c and 
Technical In fo rmat ion , Department of Education and Science. 

S i g n i f i c a n t progress has been made in e s t a b l i s h i n g the o r g a n i z a t i o n 
of the Centre and on the s p e c i f i c p r o j e c t s selected f o r i n i t i a l study. 
SSNA s t a f f have obtained inva luable assistance and cooperat ion from 
many d i v i s i o n s throughout t h e s i t e , p a r t i c u l a r l y s t a f f in HTS, SSCD, 
DA, Computer s t a f f , t yp ing s t a f f , HTS Reproduction s t a f f and i l l u s t r a t i n g 
s t a f f . 

5 .1 I . I Mass Spectrometry B u l l e t i n ( w i t h HTS S t a f f ) 

The f i r s t e d i t i o n (November 1966, V o l . I , No. 1) of 
a monthly p u b l i c a t i o n g i v i n g a guide t o the c u r r e n t l i t e r a t u r e of mass 
spectrometry and a l l i e d t o p i c s has been prepared and pr in ted a t Aldermaston 
and is being d i s t r i b u t e d by HMS0. I t has received a number of favourab le 
comments. Number 2 Is being p r i n t e d and number 3 has commenced i t s 
scanning per iod . 



Each copy contains approximately 250 re ferences t o papers 
invo lv ing trass spectrometry . De ta i l ed c l a s s i f i c a t i o n and indexes a id 
r e t r i e v a l of a p a r t i c u l a r t o p i c . The informat ion in t h e b u l l e t i n is placed 
in a computer f i l e for t h e B u l l e t i n product ion t o a i d t h e compi la t ion of 
these indexes and i t i s hoped t o use t h i s f i l e as t h e base fo r a l t e r n a t i v e 
metnods of informat ion r e t r i e v a l . 

"Peephole" cards systems w i l l a l s o be s tud ied . 

5 . 1 1 . 2 Survey of t h e L i t e r a t u r e of Mass Spectra 

Approximately 450 a r t i c l e s have been indexed f o r the 
spectra re ference f i l e . 

The ind iv idua l compounds r e f e r r e d t o are coded into 
a compound re ference computer f i l e . 

The chemical c l a s s i f i c a t i o n system has been devised. 
I n i t i a l t e s t s of i t s usefulness w i l l be made on t h e f i r s t t h r e e B u l l e t i n s 
before extending t h e c l a s s i f i c a t i o n t o t h e main Compound Reference 
Fi l e . 

5 . 1 1 . 3 New Spectra l Data 

200 new low r e s o l u t i o n mass spectra have been received 
by t h e Centre f o r d i s t r i b u t i o n . 

The system f o r measuring spectra on char ts has been 
t e s t e d . 

5 . 1 1 . 4 Compound I d e n t i f i c a t i o n ( D r . K e l l y , U n i l e v e r , Col worth, 
Bedford, by arrangement w i t h OSTI; A. b r i c k s t o c k , 
I .C . Smith) 

Computer programmes have been w r i t t e n t o study the 
use of low r e s o l v i n g power mass spectra for compound i d e n t i f i c a t i o n . 
The program is complete and i n i t i a l t e s t s a r e very encouraging. 

5 . 1 1 . 5 NBS Data on Ion Processes 

The data f i l e has been received from NBS, Washington, 
and arrangements f o r answering questions on i o n i z a t i o n p o t e n t i a l s and 
appearance p o t e n t i a l s have been made. 

5 .12 E lect ronic Development (W.A.P. Young, R. Hayes, M.C. Jackson, 
T . L . Pearce, B. Gooding) 

Completion of the f i r s t Capenhurst machine has proved some of t h e 
new "electronic u n i t s , inc lud ing the f r . r ,v / ing:-

( I ) A t r a n s i s t o r i s e d 6000 V 3 mA power supply s tab le t o 
be t te r than 100 ppm per ha l f hour fo r an ambient temperature 
change of I 0 °C , unharmed by short c i r c u i t i n g w i th a recovery 
t o the spec i f ied s t a b i l i t y w i th in one second. Output v a r i a b l e 
by 60 V energy less than I J , r i p p l e less than 50 ppm. Cost is 
expected t o be about £ 2 5 0 t on a standard 19 in . panel . 
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( 2 ) A sweep genera to r , output 0 - 9 V w i th ranges from 
7% mln t o 2 h, r e v e r s i b l e l i n e a r sweep, w i th r e s e t f a c i l i t y a t 
any p a i n t . Constructed on.a_Harwel l 2000 type s i n g l e width 
u n i t . Cost i s expected t o be about £150. 

F e a s i b i l i t y s tud ies f o r an on l i n e computer f a c i l i t y in Bu i ld ing 
AQ.I a re well advanced and some help i s being given w i th a s i m i l a r 
scheme f o r Bui ld ing R 6 I . I . 

. 6 . SOLID STATE PHYSICS (E.M. GUNNERSEN) 

6 .1 Semiconductor Counter Development CR. E l l i s , E.M. Gunnersen) 
• 

A j o i n t AWRE-AERE c o n t r a c t for GEC, Wembley t o supply la rge 3 i n . 
diameter germanium c r y s t a l s s u i t a b l e for l i t h i u m - d r i f t e d counters has 
commenced. An a t tempt i s c u r r e n t l y being made t o l i t h i u m - d r i f t the 
f i r s t such c r y s t a l I n t o one counter of 100 cc volume (poss ib ly f o r 
a p p l i c a t i o n in fo rens ic neutron a c t i v a t i o n a n a l y s i s ) . To assess the 
• s u i t a b i l i t y of t h i s and o ther germanium m a t e r i a l , low temperature i n f r a - r e d 
spectroscopy methods of measuring oxygen impur i ty content a re being 
used. 

The ion implanta t ion technique of making e l e c t r i c a l contacts 
t o semiconductor counters has now been successfu l ly developed to the 
stage where such counters a re being supplied f o r var ious exper iments. 
On germanium l i t h i u m - d r i f t e d counters , s a t i s f a c t o r y s t a b l e and t h i n 
ion implanted contac ts 0 . 3 p t h i c k have been achieved. The p o t e n t i a l i t i e s 
of t h i s technique a r e being Invest igated f o r o b t a i n i n g larger s e n s i t i v e 
volumes by t h e s tack ing of several planar germanium counters . 

Conventional f a b r i c a t i o n of germanium l i t h i u m - d r i f t e d counters 
(eg , coax ia l ) , has been Improved ( a ) by means of thermal and l - p o i n t 
probe measurements connected wi th exhaustion of t h e l i t h i u m s i n k , and 
(b) through t h e achievement o f a higher breakdown v o l t a g e . 

6 . 2 The Ion Implantat ion Technique of F a b r i c a t i n g Semiconductor E l e c t r o n i c 
Components (A. H i tchcock, G. George, E.M. Gunnersen) 

AWRE p a r t i c i p a t i o n in the wider AERE programme is confined t o 
assessing degradat ions In e l e c t r i c a l mater ia l parameters which a r i s e 
from l a t t i c e damage Introduced by the Ion Imp lan ta t ion . Work is proceeding 
a long 3 I i n e s : -

( a ) Est imat ion of c e r r l e r d e p l e t i o n as a func t ion of depth 
of Implantat ion by measuring capac i tance -b ias dependence (before and 
a f t e r anneal ing) in s i l i c o n diodes Implanted w i t h var ious e l e c t r i c a l l y 
a c t i v e or i n a c t i v e Ions. 

(b ) S i m i l a r c a r r i e r d e p l e t i o n - I m p l a n t a t i o n depth measurements 
using 4 - p o I n t sheet r e s i s t i v i t y . This method has Involved us In the 
development, ( f o r germanium) of anodic o x i d a t i o n s t r i p p i n g techniques 
of c o n t r o l l i n g d e p t h , and has led t o some i n t e r e s t i n g r e s u l t s on unexpectedly 
large non -un t fo rml t i es In t h e surface f i n i s h on germanium and s i l i c o n 
oxide f i l m s . 

( c ) Development (Dr . L. C o l l i n s , SNP) of a mass separator 
and Ion sources s u i t a b l e f o r ion I m p l a n t a t i o n , 
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6 . 3 O r i e n t a t i o n Dependence of D e f e c t I n t r o d u c t i o n Rates in E lec t ron 
I r r a d i a t e d S i l i c o n a t Near-Threshold Energies CP. Stevens, P. 
Hemment) 

Computer c a l c u l a t i o n s , based, on an assumed displacement energy-
o r i e n t a t i o n dependence and on previous measurements of e l e c t r o n d ispers ion 
in s i l i c o n , a r e being made to determine the dependence of t h e r e c o i l 
atom energy spectrum on inc iden t e l e c t r o n energy, ang le , and p e n e t r a t i o n 
depth. Experimental measurements on v a r i a t i o n s of de fec t i n t r o d u c t i o n 
r a t e w i t h i n c i d e n t e l e c t r o n energy, angle (near major c r y s t a l d i r e c t i o n s ) 
and temperature a r e being c o r r e l a t e d w i t h these c a l c u l a t i o n s t o determine 
the ac tua l displacement energy p r o f i l e . ihese_exper imenta l data a r e 
being provided by 2 types of measurement: ( a ) on shallow (2y) f i e l d - e f f e c t 
devices ( e i t h e r sur face b a r r i e r or ion implanted) capable of g i v i n g 
c a r r i e r d e p l e t i o n as a func t ion of depth, and (b) on bulk r e s i s t i v i t y 
in t h i n (15y) pol ished f i l m s . 
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