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ABSWÏAUT 

Uoo wao mado of a puluod-eyclotron noutron opoo 1/101110tor (l) to carry 
OZR O'IÙ 

out moaouromantn of ri ипй tho total crooo-rjacfclomi of V and Pu . Data 
novo obtained on tho onovgy ùcpcmûonco of tho flooion and'radiatlvo-oapturo 

oroDO-oootiona of tho со iootopoo for noutron onorgioo ranging from thermal 
to 20 oV for U255 and from 5 to - 90 oV for Pu255. 

Thio lo tho first timo that moafluromontrj havo boon mado of tho r] of 
and Pu (for noutron onorgioo ovar 40 oV), Spactromotor raaolution was 

high onough to onablo paramotorn to bo determined for a considerable numbor 
of rononancoo. 

• • • • « 

Apart from their puroly practical significanco, rnoaouremonto of tho 
orooc-ooctiona involvod in tho intoractlon of nlov neutrons v/ith fissioning 
nuoloi aro valuable inasmuch an they can throw light on tho proportion of 
tho nucleus at modium ozcitatlon onorgies (~ 5-6 McV) and provido direct 
•hiformation on tho fission proconc itoolf. Thank3 to tho high onorgy 
rosolution of opoctromotorn noutron-spoctromotry mothods are in a v/ay 
uniquo and can bo used to investigate oxtrcmcly subtle effects which aro 
beyond tho roach of other nuclear-spoctroscopy tochniqucs. 

Intorosting information can bo obtained by studying tho intorforenco 
jffocts in fission cross-sections to which attention was first drawn in ( 2 ) . 
Сгозз-soction intorforonco analyses have alroady boon mado for a number of 
isotopos (3-6) but, owing to insufficient experimental data, they have boon 
confined to tho first rosonanco levols. For a reliable analysis tv/o basic 
partial cross-sections havo to bo known, vis. tho fission and the radiative-
capturo sections. Howovor, whilo the former has boon the subject of a 
largo number of investigations (7-12), no measurements have so far been made 
of radiative-capture cross-sections. In the case of low neutron energies 
(~ up to 2-3 eV), the radiative cross-scction can bo worked out as the 
difference between tho total and tho fission cross-sections. At higher 
energies, however, this is not possible because of the fact that installa-
tions with different resolutions aro generally used to measure these 
cross-sections. 

> . . . . . • . ' . 



V/ith a viov/ to undertak ing a d e t a i l e d otudy of tho onorgy dopondonco of 
tho p a r t i a l c r o o n - o o o t i o n n of 1'i on ion ing n u c l e i ovor a v/idor onorgy range , 
uao hno boon made of a pulrjod-cyclotrorr neutron opoctrornotor ( l ) t o o b t a i n 

p7.c ôxâ 

rnoaouromonto of r] and tlio t o t a l crooo-oac-fcionu of U' J J and Pu~ . Onco 

thoao pararnotoro ara known, i t i a p o s s i b l e to o b t a i n tho f i s s i o n and 

r a d i a t i v o - c a p t u r o cross-rjoctionrc oinoo a t low noutron e n o r g i e s resonance 

a c a t t o r i n g can bo d iarogardod. Measurements v/oro mado ovor a neutron-energy 

rango of 0 .05 oV - 20 oV f o r U 2 ^ 5 and 5 oV - 100 oV f o r P u 2 5 9 , and i t was 

p o s s i b l e t o c a r r y out an i n t o r f o r o n c o a n a l y s i s of the f i s s i o n c r o s s — s e c t i o n s 

f o r a c o n s i d e r a b l e number of r e s o n a n c e s 14)„ The measurement methods 

omployod and tho r e s u l t s obta ined are quoted and b r i e f l y d i s c u s s e d below. 

• Measurement Mothoda 

For tho v a r i o u s onorgy ranges i n v e s t i g a t e d the r e s o l u t i o n of the neutron 

spec trometer v a r i e d from 0 . 0 2 цнес/m' to 0 . 8 |i.sec/m. For measurement work 

ur>o was made of a 2048-channc l time a n a l y s e r v/ ith e l e c t r o s t a t i c memory tube; 

channel width was 0 . 2 (isec ( i 2 ) . 

The v a l u e o f r) was determined by r e c o r d i n g the secondary neutrons5 in 
the case of tho t o t a l c r o s s - s e c t i o n s , t r a n s m i s s i o n measurements wore c a r r i e d 
out on models , w i t h good g e o m e t r i c a l arrangement. Recording of tho s low 
neutrons was performed by means of a s c i n t i l l a t i o n counter v/ ith Б]_о®14 + ^nS(Ag) 
( 1 5 ) used as c r y s t a l . For secondary-neutron d e t e c t i o n use was made of a 
s i m i l a r counter v/ i th a p a r a f f i n - z i n c - s u l p h i d e a l l o y employed as c r y s t a l , and 
a l s o a s c i n t i l l a t i o n counter v / i th p u l s e - s h a p e p a r t i c l e d i f f e r e n t i a t i o n . 

The t o t a l c r o s s - s e c t i o n was determined by means of the e x p r e s s i o n s 

• cr , - -t n 
1 ln-T . . . . . ( l ) 

where T i s the t r a n s m i s s i o n of the sample" • 
n " i s the t h i c k n e s s of the sample (a toms /barn) . 

For the f i s s i o n c r o s s - s e c t i o n the c a l c u l a t i o n s were as f o l l o w s . N^ -

the number of secondary neutrons recorded by 'the d e t e c t o r - can be l i n k e d 

w i t h the c r o s s - s e c t i o n v a l u e s by means of t h e ' f o l l o w i n g equat ions 

N f ~ v• N• ( 1-T) i" % + (1-K )| - i + (1_K2)„„„ "J" (2) 
t t +• +• t t 



whoro N<\TE i s tho alow~noutron - f lux, 

v i s tho numbor of socondary noutrons por f i s s i o n e v e n t , 

CTso' ffBC,.,l 
, я arc tho s c a t t e r i n g , f i s s i o n and t o t a l c r o s s - s e c t i o n s f o r 

af ... ( ' " ) tho f i r s t and f o r ropoatod noutron i n t e r a c t i o n s , and 
°t' at 

. . i s tho f r a c t i o n of noutrons e s c a p i n g from the sample a f t e r 

tho i^*1 s c a t t e r i n g , 

The v a l u e s i n s i d e tho b r a c e s take account of the c o n t r i b u t i o n of 

noutrons which undergo ropoatod i n t e r a c t i o n s v/ ith tho t a r g e t n u c l e i . 

Allowance f o r t h e s o terms i s on ly o f importance on the wings of r e s o n a n c e s 

where the c r o s s - s e c t i o n s are smal l and vary r e l a t i v e l y s l o w l y a s a f u n c t i o n 

of onergy. I t can t h e r e f o r e be assumed t h a t 

„ • „t „п . „ „i „" 
, a s c so g s c ~ — f — || — 9 « • о ana ~ j — г?" — о « о 9 

• a t a t a t ° t ° t CTt 

and e q u a t i o n ( 2 ) can be r e w r i t t e n i n the f o l l o w i n g form? 

1T„ - v ï ï - v T E ( 1 - T ) ^ ( i + ^ d - K 1 ) + ( ^ £ ) 2 ( I - K 1 ) ( 1 - K 0 ) + . . . . | ( 5 ) 
i fft I ot i o t 1 d J 

Curves showing the f u n c t i o n s of K^ and Kg - which were ob ta ined by, 

numerica l i n t e g r a t i o n - are g i v e n i n F i g . 1. L i m i t a t i o n to the f i r s t two 

terms of the expans ion ( 3 ) ensures an accuracy to w i t h i n 2 -3^ where 
° sc 

. à — < 0.5o The r a d i a t i o n c r o s s - s e c t i o n was obta ined by s u b t r a c t i n g the 
о 

f i s s i o n and s c a t t e r i n g c r o s s - s e c t i o n s from the t o t a l c r o s s - s e c t i c m . 

235 " 235 fl . Measurements of rj and the t o t a l c r o s s - s e c t i o n o f U were 
2 

performed on a sample h a v i n g a t h i c k n e s s of 5 - 6 g/cm i n the f o l l o w i n g , 

p a r t l y o v e r l a p p i n g , neutron-energy i n t e r v a l s ? 

( 1 ) From 0 . 0 2 5 to 2 . 3 eV w i t h a r e s o l u t i o n of 0 . 8 txsec/m§ 

( 2 ) From 0 . 8 t o 4 - 0 eV w i t h a r e s o l u t i o n of 0 . 2 | isec/m; • • 

( 3 ) From 2 . 1 t o 2 0 . 0 eV w i t h a r e s o l u t i o n o f 0 . 3 H-sec/m. 

The v a l u e of Л was normal ized d i r e c t l y t o a thermal p o i n t . The v a l u e adopted 

f o r r\ thermal (= 2 . 0 7 ) was taken from ( 7 ) . The s c a t t e r i n g c r o s s - s e c t i o n was 



- 4 -

0e? 
Rj/i.rovrimated by the oxpross ion 11 -I- н 2Т3У2 ' Ъ а : г п O V O r t h ° w h o l ° г а п е ° 

of noutron onorg ios ( 7 ) . The c o r r e c t i o n for s c a t t o r i n g was g r e a t e s t i n tho 
case o f p a r t s o f c r o s s - s o c t i e n s between resonances ; tho v a l u o s v/oro 15$ i n 
the 2 . 5 - e V r e g i o n , a t e n e r g i e s around 4 . 5 oV and 25$ a t e n e r g i e s of 

7 . 5 - 8 oV. For small c r o s s - s e c t i o n s the ' s t a t i s t i c a l error of the measurements 

was not h igher than 10$; i t was c o n s i d e r a b l y lower f o r l a r g e c r o s s - s e c t i o n s . 

Tho background of the f a s t - n o u t r o n counter was botween 5 and 10$ i n s i d e and, 
about 3 0 - 4 0 $ between ' r o s o n a n c e s . To en'suro r o l i a b l o background e l i m i n a t i o n , 

a l l measurements i n tho energy range up to '4 eV wore done w i th the he lp of 
an 0 . 1 mm A g . f i l t e r p l a c e d i n ' t h e beam of neutrons . The s i z e of the e f f e c t 
in the .resonance a t Б ~ 5 c o i n c i d e s .with the background becausc of the 
f a c t t h a t neutrons of t h i s energy are complete ly absorbed by the f i l t e r . 

. C r o s s - s e c t i o n s f o r neutron e n e r g i e s of 2 -20 oV were measured wi tnout f i l t e r ; 
234 

the bao.lcg'roiind was assumed to be e q u i v a l e n t to the e f f e c t where the U 
rcsonnncc was s i t u a t e d a t 5 oVe In the case of the sample - t ransmis s ion 
measurements, tho background'was determined on the b a s i s ' o f the a b s o r p t i o n 
in the re sonances of ( 0 . 3 and 8 . 8 eV) and U ^ ^ (5 eV); the maximum 
b a c k g r o u n d / e f f e c t r a t i o d id not c x c c c d . 5 - 7 $ » . 

239 Pu Measurements were c a r r i e d out in tho neutron-energy range of 
5-ЮО gV w i t h .a r e s o l u t i o n of 0 . 0 2 p.soc/m. -.For the b a s i c measurements use 

- 2 v/as made of a sample w i t h a t h i c k n e s s of 0 . 5 g/cm ; f o r the c r o s s - s e c t i o n s 
between r e s o n a n c e s a sample w i t h a t h i c k n e s s of 4 -5 g / c m v/as employed. 

In t h i s s e r i e s ' of measurements, no attempt was made to o b t a i n data i n 

tho n e u t r o n - e n e r g y range below about 5 eV. The f i s s i o n c r o s s - s e c t i o n was 

normal ized on the b a s i s of resonance 7 . 8 4 eV, f o r which i t was assumed - from 
' • • • Г-р 

an a n a l y s i s of e a r l i e r moasuromont data (9? 10, I I ) - t h a t — =' 0 . 4 6 5 . 

The t o t a l n o r m a l i z a t i o n error probably does not exceed 5$• ' " " 

The spontaneous f i s s i o n of the P u ^ ^ admixture i n the sample v/as 
r e s p o n s i b l e f o r a r e l a t i v e l y h i g h background i n the secondary-neutron 
counter (between 20 and 40$ of t h e " e f f e c t i n the r e s o n a n c e s ) . The c a l c u l a -
t i o n of the background i s . p a r t i c u l a r l y important, i n the small- c r o s s - s e c t i o n 
range'. In determining the i n t e r - r e s o n a n c e c r o s s - s e c t i o n s , t h e r e f o r e , 
s p e c i a l measurements were made a t a h igher n e u t r o n - f l u x i n t e n s i t y ( a p p r o x i -
mate ly t e n f o l d i n c r e a s e ) but w i t h a worse ' r e s o l u t i o n ( 0 . 2 |xsec/m). • The 
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background l e v e l for those moasuromonta was dotorminod by moana of а 
ОЛ-mm Ag f i l t e r . As i n tho case of tho absorpt ion c r o s s - s e c t i o n measure-

235 
monts of U tho background in tho s low-noutron countor did not exceed a 
fow per cent . 

The s c a t t e r i n g c r o s s - s o c t i o n • was taken to bo oq.ua! to 10/5 barn. In 
tho noutron-onergy range of up to 30 oV, t h i s invo lved a maximum error of 
approximately (resonance 22 .2 eV). At higher neutron e n e r g i e s (50-100 oV) 
resonanco s c a t t e r i n g accounted f o r a cons iderable part of the t o t a l c r o s s -
s e c t i o n and i i s not p o s s i b l e to obta in the r a d i a t i o n c r o s s - s e c t i o n from 
measurements of p and c + . 

x 
Tho use of t h i c k samples, necessary f o r tho measurement o f c r o s s - s e c t i o n s 

by moans of secondary-neutron record ing , makos i t d i f f i c u l t to dotermino 
the v a l u e s of c r o s s - s e c t i o n s i n the rosonanco poalcs. In order to i s o l a t e tho 
i n t o r f o r o n c o e f f e c t s , however, one .has to know tho exact trend of the c r o s s -
s o c t i o n s on the wings of resonances , and hero the secondary-neutron recording 
method o f f e r s cons iderab le advantages . The v a l u e s f o r the c r o s s - s e c t i o n s i n 
the peaks wore obta ined by a n a l y s i n g tho c r o s s - s e c t i o n s by the areas method. 

Resu l t s o f Measurements 
23 R P i g s . 2 -5 show measurement data f o r tho c r o s s - s o c t i o n s and i) of D • 

r f 
f o r neutrons v/ith e n e r g i e s of up to 20 eV. Table 1 g i v e s v a l u e s f o r — 
a s w e l l as for the f i s s i o n and r a d i a t i o n widths . To obta in tho parameters 
f o r tho f i r s t twelve l e v e l s wo r e l i e d on c r o s s - s o c t i o n i n t e r f e r e n c e a n a l y s i s 
( l 4 ) « For the other casos r^ was determined v i a tho onorgy dependence, i t 
b e i n g assumed that p = 40 MoV. 
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Table 1 

o' 
eV 

a V Г 
r r 
MoV 

Г 
Y 

MoV Hoton 

- 2 . 2 187 
± 0 . 0 1 99 36 I 

1 . 1 4 ± 0 . 0 1 129 43 I 
2 . 0 4 ± 0 . 0 1 10 38 I 

2 „84 + 0 . 0 4 0 . 8 0 + 0 . 1 5 160 I 
5 . 1 4 ± 0 . 0 2 79 44 I 

• 3 . 6 0 0 . 0 2 43 40 I 
4 . 8 4 0 . 0 2 0 .095+ 0 . 0 1 4 

40 

' 5 . 4 5 + ' 0 . 0 2 0 . 3 6 + 0 . 0 4 23 
6 . 2 0 + 0 .08 270 + 70 .1 
6 . 3 9 + 0 . 0 3 0 . 2 1 + 0 . 0 2 11 
7 . 0 7 ± 0 . 0 3 0 . 3 8 ± 0 . 0 3 25 

8 . 8 0 + 0 .04 0 . 5 5 + 0 . 0 3 49 
9 . 2 6 0 . 0 5 0 . 3 8 + 0 . 1 0 25' 

1 0 . 1 6 + 0 . 0 5 0 . 1 5 + 0 . 0 5 7 
1 1 . 6 8 7 0 . 0 4 0 . 1 3 + 0 . 0 4 6 
1 2 . 4 0 0 . 0 4 0 .27 + 0 . 0 4 15 
1 3 . 0 0 0 .08 0 . 2 5 + 0 . 1 2 13 

1 3 . 4 0 0 . 0 5 0 . 1 4 
I 4 . I ' + 0 . 1 . 0 . 6 5 + 0 . 1 0 74 
1 4 . 5 + 0 . 1 0 . 5 0 + 0 . 2 0 40 
1 5 . 5 + 0 . 1 0.45- b 0.04 33 
.16.2 0 . 1 0 . 3 0 + 0 . 0 3 17 
16 .7 + 0 . 1 О.48 + 0 . 0 5 37 
1 8 . 2 + 0 . 1 О.48 + 0 . 0 5 37 
1 9 . 4 £ 0 . 1 О.38 + 0 . 0 4 24 

Wotcss I denote s t h a t v a l u e s f o r r f and Гу wore o b t a i n e d by c r o a o - s c c t i o n 

i n t e r f e r e n c e a n a l y s i s . In a l l o t h e r c a s e s i t was assumed t h a t 

Г = 40 MoV and Г_ = - 4 2 — MoV. 
Y f v _ 

Л 
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In a number of c a s a s , t a k i n g account of intor-rooonanoo i n t o r f o r o n o o 
hao a n o t i c o a b l o o f f o c t on tho f i a n i o n widthu of tho l o v o l o , Tho nature of 
fcho v/idth d i s t r i b u t i o n ID n o t , howovor, a f f o c t o d , and t h i n l a t t o r can bo 
approximator! by mo ana of Portor-Thomari curves (16) f o r v a r i o u s dogrcoo of 
froorlom ( F i g . 6)» I f ono t a k e s i n t o account tho f a c t that tho number of 
U lovolci of each momentum (J « 3 and 4) approximately tho same and i f 
ono taken a s avorago valuoo Г^ « 20 MaV and 116 MoV (14) f o r v a r i o u s J, i t 
i o pooa ib lo to o b t a i n an ovon b e t t o r f i t between computod d i s t r i b u t i o n s and 
oxporimontal d a t a . 

Radiat ion-width valuon v/ero determined f o r f i v e re sonances . A t t e n t i o n 
haa boen drawn by v a r i o u s i n v e s t i g a t o r s to the c o n s i d e r a b l e v a r i a t i o n s -
which cannot bo accounted f o r i n terms of experimental error - that arc 

235 / » 
p o o u i b l o f o r Гу f o r v a r i o u s l o v o l s of U ^ ( 1 2 ) . Tho v a l u e s we havo obta ined 
f o r Гу vary much l o s s and tho f l u c t u a t i o n s from l o v o l to l e v o l do not exceed 
tho l i m i t s of orror to which t h i s typo of determinat ion i o s u b j e c t . Tho 
constancy of tho r a d i a t i o n width can bo i n f o r r e d from tho nature of the 
spectre, of tho gamma r a y s emit ted f o l l o w i n g noutron capture f o r tho resonanco 
l o v o l s of hoavy n u c l o i ( l 7 ) . In v iew of the complex i ty of the s p e c t r a , tho 
p o s s i b i l i t y o f approc iab lo f l u c t u a t i o n s i n tho t o t a l r a d i a t i o n widths i s 
s l i g h t . 

Tho avorago va lue of the r a d i a t i o n width f o r tho f i v e l o v o l s was 

Гу = 4 0 + 2 MoV. 
239 

Tho f i s s i o n and r a d i a t i v c - c a p t u r c c r o s s - s e c t i o n s for Pu i n the 
5"27 oV range are g iven i n F i g s . 7 and 8 . F i g s . 9 and 10 show the t o t a l 
and f i s s i o n c r o s s - s o c t i o n o f o r plutonium at neutron e n e r g i e s of 40-100 eV. 
The graphs show the combined r e s u l t s of v a r i o u s s c r i e s of d e t e r m i n a t i o n s 
c a r r i e d out w i t h d i f f e r e n t r e s o l u t i o n s and wi th samples of d i f f e r e n t 
t h i c k n o s c o s . 

л r f 
Tabic 2 g i v e s the v a l u e s of 11 я — and 2gr f o r tho l e v e l s r e s o l v e d . ь v r a n The v a l u o s f o r tho f i s s i o n widths were obta ined , on the assumption t h a t 

40 
Г n 40 MoV , from the formula Г» = v л McV; f o r tho resonanco where 

Y 1 П - 1 15*5 Ff '-"/as obta ined d i r c c t l y from an a n a l y s i s of the f i s s i o n c r o s s -
Goct ion. Comparison w i t h the data i n ( i l ) shoy/s a s a t i s f a c t o r y f i t w i t h the 

r f 
measured r e s u l t s of rr— and 2gr f o r resonances up t o 30 oV. 
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ТаЪ1е 2 

eV a • MoV MoV 

7 . 8 4 0 . 4 6 5 
10.95 •0.67 ± 0 . 0 3 
11.95 0 .37 + 0 . 0 3 
14.25 0 . 4 6 + 0 . 1 0 
14=7 0 .37 + 0 . 0 8 
15 .5 0 . 9 + 0 . 1 
17.7 0 . 4 2 + 0 . 0 3 
2 2 . 4 0 . 5 5 + 0 . 0 2 
2 6 . 5 0 . 3 9 + 0 . 0 2 

4 1 . 5 ' 0 . 1 4 + 0 . 0 3 
,44.5 0 . 0 9 ± 0 . 0 5 
47.7 0 . 6 5 + 0 . 2 0 
50 .0 - ' 0 . 4 0 + 0 . 1 0 
52 .3 .0 .17 + 0 .05 
57 .5 0 . 8 0 + 0 .15 

•59-̂ 5- --G-.-80-
62 .5 0 . 9 0 + 0 . 1 0 
65.7- 0 . 5 2 + 0 . 1 0 
74-5 0 . 5 5 + 0 . 1 0 
8 2 . 5 0 . 9 0 + 0 . 1 0 
8 5 . 0 0 . 6 2 + 0 . 2 0 
90 .5 0 . 2 + 0 . 1 
95-5 0 . 3 + 0 . 1 

l o t o s » — MeV 

1.33 + 0 . 0 3 55 
2 .15 ± 0 . 2 0 81 
1 .35 0 . 3 5 23 

•34 
23 

1 , 3 4 ± 0 . 2 0 (1000) 
2 . 2 ± 0 . 3 29 
3 .3 ± 0 . 3 49 
2 . 2 + 0 . 4 25 

5 .6 2 . 0 6 . 5 
7 . 5 + 1 . 5 4 . 5 
3 . 0 + 1 . 0 74 
5 . 1 + 1.-5 27 

lOoO + 5 . 0 8 
160 
1-60 
360 

14 . 7 43 
29 14 49 

360 
23 + 10 65 
21 + 10 10 

8 i 4 17 
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Cons idera t ion of tho i n t e r f e r e n c e c f f o c t s only s l i g h t l y a f f e c t s the 
parameters f o r the l e v e l s of Pu . This can he accounted f o r hy the 
r e l a t i v e l y l a r g e d i s t a n c e s "between i n t e r f e r i n g l e v o l s § the on ly e x c e p t i o n 
i s the group o f l e v e l s around 14-15 eV. f7ith tho h e l p o f data g iven i n (l8) 
and i n t e r f e r e n c e - a n a l y s i s r e s u l t s i t was p o s s i b l e to make sp in i d e n t i f i c a t i o n s 
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f o r moat of tho l e v e l s of Pu below 30 oV„ Tho d i f f e r e n c e i n the average-
v a l u e s f o r the f i s s i o n widths ( r f = 40 whore J = 0 a:id r f = 160 MeV whoro 
J = 1 ( 1 4 ) ) i s mainly a t t r i b u t a b l e t o the presonco of two very broad l e v e l s 
in t h i s energy range. Honce c o n s i d e r a b l e i n t e r e s t a t t a c h e s to c r o s s - s e c t i o n 
measurement data i n the 50-100 eV range , where there i s a s u b s t a n t i a l number 
of s t r o n g re sonances . 

The f i s s i o n - w i d t h d i s t r i b u t i o n s of l e v e l s (F ig . 11) in the 0 - 3 0 eV and 
40-90 eV l e v e l s are v e r y s i m i l a r (no s t r o n g l e v e l s are observed between 30 
and 40 eV)„ In the 40-90 oV range t h e r e are a l s o a few resonances v/ ith very 
large f i s s i o n w i d t h s . Tho v a l u e s of T f f o r broad l e v e l s (Eq = 57»5 eV, 
59«2 eV, 62.5 eV and 8 2 . 5 eV) 

g iven i n Table 2 may even be somev/hat low. 
F_or _THE leyQl a t EQ = 62 .5 oV, f o r example, A d i r e c t a n a l y s i s of the energy 
depndence o f the f i s s i o n c r o s s - s e c t i o n ( F i g . 10) y i e l d s a va lue of Г^ ~ 1 oV<, 

Inaccurate de terminat ion of the broad-resonance parameters i s mainly 
r e s p o n s i b l e f o r tho error i n de termin ing the average va lue Г .̂. Averaged out 
ever the v/hole energy range from 0 t o 90 eV, the v a l u e of Г̂ . i s 114 +_ 25 MeV. 
The average d i s t a n c e between l e v e l s D = 2 . 9 + 0 . 5 oV for neutron energies up 
to 70 eV° in t h i s i n t e r v a l spectrometer r e s o l u t i o n i s s u f f i c i e n t t o enable 
most of the resonances t o be d e t e c t e d . The va lue of D i s i n agreement w i th 
the data g iven in ( l l ) f f o r s p i n s t a t e s of tho nuc leus w i t h J = 0 and J = 1, 
the v a l u e o f Dj i s 1 1 . 6 eV and 3»9 oV r e s p e c t i v e l y . 

The p r e s e n t paper i s merely concerned v/ith g i v i n g an account of the 
measurement methods employed and the r e s u l t s obtainedf a d e t a i l e d a n a l y s i s 
of the data can bo found i n ( l 3 ) and (14)» This a n a l y s i s shows t h a t there 
i s ( l ) a c o r r e l a t i o n in tho amplitude s i g n s of the rcduced resonance w i d t h s , 
and (2) a s t r o n g s p i n dependence on the part of the f i s s i o n w i d t h . 

In c o n c l u s i o n , the authors would l i k e to expres s a p p r e c i a t i o n f o r the 
v a l u a b l e a s s i s t a n c e they have r e c e i v e d , in connec t ion w i th the p r e p a r a t i o n 



- 10 -

and. carrying out of moaouromonts and tho p r o c e s s i n g of oxporimontal da ta , 
from V.V„ Pavlov, V.V. Rotman, A.N, Soldatov and A.D. Kiiaritonov and a l s o , 
on the mathomatics s i d o , from S„ Borovlov and L.I. Panova. Tho y would a l s o 
i i k o to thank the porsonnol of tho c y c l o t r o n a t tho I n s t i t u t e of T h o o r o t i c a l 
and Experimental P h y s i c s f o r t h o i r c o - o p o r a t i o n i n making those determina-
t i o n s p o s s i b l e . 

•Recoivod by p r i n t e r s 25 March 196J. 
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Fifî» 1 Captions Frac t ion oi.' noutronо u ri cap in/; f r o m n.amp lu a f t e r f i r c t 
and rioooml s c a t t e r i n g . 

Abfjoi и паи 8 Thioknonu of пагпр'Хип» 

2/к 
Fir,. 2 Captions Value o f ri and f i ri ni о n. crofin-nrcfcion of U . Houtron 

onorgion; 0 . 0 2 - Я aV. 

Abnciofjgfii ïïeutron onor/?/ (uV), 

Mid- le f t s barn. oV!', 

255 F i g . 3 Captions I ladiat ivo-capturo crortn-noc t ion of U . î îoutron 
energies* 0.02 - Я oV. 

Abacinear1,; lloutron onoviy (oV). ______ . 
Top l o f t i bnrn. r.'V: , 

235 F i g . 4 Caption; Value of r) and f i s s i o n c r o n s - s c c t i o n of U . îîoutron 
o n e r g i o s : 8 20 oV. 

Abcicd дгсапз Tîoutron energy (oV), 
J ' i d - l o f t i barn. сЛГ. 

F i g . 5 Caption? Radia t ive -capturo c r o s s - s c c t i o n of ïïeutron 
e n e r g i e s : В ~ 20 oV. 

A b s c i s s a e ; ï ïeutron onerrof (uV)« — — — Д 
Top l o f t : barn. eV!J., 

235 
F i g . 6 Crvntion: F i s s i o n - w i d t h d i r . t r i b u t i o n f o r 26 l e v e l s of U . 

Dotted l i n o i n d i c a t e s computed d i s t r i b u t i o n (al lov/ancc 
i s made f o r d i f f e r e n c e i n mean f i s s i o n v/ idths of 
l e v e l s of two momenta). д 

Ordinatos; llumbor of l c v o l s f o r which (r-r/Tf) : J l a r g e r than 
i n d i c a t e d v a l u e . 

Ton r i g h t ; 
rf « 0.0TJ cV 

239 F ig , 7 Caption; F i s s i o n с г о я п - e o c t i o n of Pu J , ïïoutron e n c r g i e s s 

4 ~ 37 oV. 

A b s c i s s a s ; îîoutron oncrgy (cV) . 

Top l o f t ; b a m . о Vй . 
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F i g , О Captions 

ЛЪво1опааг 
Фор l o f t s 

Fig. 9 ' P ^ t i o m ' • 

ЛЪвс!ппапз 

Top loft% 

P i g . 10 Captions 

A b s c i s s a s s 

P i g . 11 Captions 

?39 
R a d i a t i v o - c a p t u r o o r o n e - a o o t i o n of Pu . IToutron 
onorgioaa 4 - 2'/ oV. 
î îoutron cmorgy (oV), 

barn. с 

239 
Total e r o o s - o o c t i o n of Pu ' . Iîoutron onorg los s 
40 - 110 oV. 
Woutron onargy (oV). 

Ъагп. • 

239 
P l o s i o n c r o o s - s o c t i o n of Pu . Noutron o n o r g i e s : 
40 - 100 oV. 
IToutron enorgy (oV). 

239 
F i s s i o n - w i d t h d i s t r i b u t i o n s of Pu l e ^ o l s f o r two 
onorgy i n t e r v a l s (0 - 30 oV and 40 - 90 oV). 




