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Ð î çâ|Û å eq u i d i st an ce o f t h e ex c i t at i o n en er g i es
o f t h e i n t er m ed i at e l ev e l s o f i n t en se y- ca sca d es

V .À .K h it r ov , Y u . Ê.K holnov , Y u .P.P op ov , À .Ì .Su k hovoj ,
Å Þ Ë 7àç|1|å÷à, À Þ Ë 7î ] ï î ò

Ðãàõé Laboratory of Neut ron Physics, Joint Inst i t ute for Nuclear Resear ch

T he " regular ity" exhibit ed by the intermediate levels excit at ion energies of t he

most intense two-step cascades has been shown to be most clear ly man ifested in t he
intensi ty dist r ibut ions of the cascades [Ö between the compound st ate of ~~47 Ü and

i t s first excit ed level (Fig.1). In t he cor respondig spect rum there are no less than
four groups of intense cascades. T he dist ances between the~e groups are ðãàñ6 ñàÍ ó
const ant . À similar equidistance can be revealed ø pract ically al l the cascade in-

tensi ty dist r ibut ions hi t her to obt ained for nuclei dist inguished by such par ameters
as the neut ron number par i ty or by their deformat ion. I t should be noted , t hat at
à quit e defi nit e dist ance from the intermediate level of t he observed intense cascade
there may appear not only another level of à single intense cascade, but also groups
(mult iplet ) of intermediate levels of intense cascades.

Fig.1. The dependence of the relat ive in-

tensi ty of resolved intense two-step cas-

cades Ñî the first excited state of Y b

upon the excitation energy. The possible

groups of equidistant states àãå marked Úó

Roman numerals.

Â ó n o w t h e c a s c a d es f r o m t w o y - t r a n s i t i o n s h a v e b ee n s t u d i e d e x p e r i m e n t a l l y

f o r m o r e t h a n 1 8 n u c l e i f r o m t h e r eg i o n 14 3 ( À ( 18 7 . T h e se d a t a a l l o w u s t o

p e r f o r m a n a n a l y si s i n à b r o a d r a n g e o f n u c l e i .
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I t is now possible t o single out one val ue for the equidi stant interval Ò from
our exper imental data for many nuclei . In Fig. 2 the dependence is shown of t he
obtained equidist ance period Ò àâ â funct ion of the atomic weight of t he nucleus
under study.

It is seen f rom Fig. 2 that (in regard to er rors of reveal ing the possible equidist ant
per iod) on the whole, regular dependence of equidistant per iod upon atomic weight
is observed if one divides al l studied nuclei into 4 groups difFer ing by types of cascade
t ransit ions or by st ructure of decaying compound-st ate.

Obtained data al low one Ñî suppose à presence of groups of vibrat ion excit at ions
with character ist ic energy T 500-800 keV .

Similar equidistant peri ods between i ntermedi ate levels of t he most intense cas-
cades were revealed also ø nuclei |~~Ñ È and ~~~Òe.

For éâà1 proof of presence of pointed exci t at ions i t is necessary to search for
two-step cascades in many neutron ãååî àààñåå.

Fig.2. The dependence of the most probable

equidistance period Ò on the mass number

of the studied nuclei .
p - even-even nuclei , cascades of El + Ml -

transi tions;
î - even-odd nuclei wi th Ãî / ( Ã„ ) ) 1;

õ - even-odd nuclei wi th Ã~~/ ( Ã„' ) ( 1;

+ - nuclei ~~ Å ã and ~® H f , cascades of

El + El -t ransi t ions.

The maximum and minimum values àãå con-

nected by l ines separately.

Boneva S.Ò. et al , Izv. Ahead. Naut SSSR, Ser . Fiz. × 53, 2092 (1989)
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T he peculiar ity of t he high-ly i ng st at es excit at ion of t he
even-even nuclei from t he region 150 < À < 164

V .À .K hit r ov , À .Ì .Suk hovoj , À .V .V oéï ov

Frank Laboratory of Neut ron Physics, Joint Inst i tute for Nuclear Research

P er f o r m ed b y n ow i n v est i g at i on s of t h e p ecu l i ar i t i es of t h e h eav y d ef o r m ed n u cl ei
st at es ex ci t at i on an d d ecay at t h e ex ci t at i o n en er g y ãåð î þ b el ow n eu t r on b i n d -

i n g en er g y sh ow t h at u su al l y accep t ed n o t io n s o f t h ei r n eu t r on r eson an ces y - d ecay

m ech an i sm d o es n o t t ak e i n t o accou n t so m e i m p or t an t f ea t u r es.
So , t h e si n g le-p ar t i cl e t r an si t i on s b et w een t h e 4s an d Çð n eu t r on sh el l s m u st

ø é è åþ ñå essen t i a l l y on t h e cascad e y - decay ø t h e 4s- r egi on of t h e n eu t r o n st r en g t h

f u n ct i on . I t i s i m p ossi b l e Ñî d i st i n gu i sh su ch t r an si t i on s b y t r a di t i o n al m et h o d s of

n u cl ear sp ec t r oscop y d u e t o t h e f r ag m en t a t io n p r o cess ( w el l st u d i ed t h eo r et i cal l y )

of su ch st a t es ov er m an y n u clear l ev el s. A t t h e sam e t i m e , t h e m et h o d o f t h e
cascad es '~- t r an si t i o n s an al y si s, su m m i n g b y n at u r al m an n er t h e st r en g t h of st a t es

ov er à g i v en ex ci t at i on i n t er v al , al l ow s u s t o ob ser v e d i r ect l y t h ese si n gl e-p ar t i cl e

t r an si t i on s.
T h ei r si gn i fi can t r o l e i n t h e n eu t r on r eson an ces y - d ecay p r o cess w as d em on -

st r at ed b y i n v est i g at i on of t h e ev en -o d d n u cl ei [1] . U p t o o n e h al f o f t h e t o t al

i n t en si t y of al l t h e p r i m ar y t r an si t i on s m ay b e d u e Ñî t h e n eu t r on t r an si t i on s b e-

t w een 4s an d Çp sh el l s .
Si m i l ar eff ect s can n o t Úå u n ob ser vab l e al so i n t h e ev en - ev en n u clei y- d ecay . T o

r ev eal t h e r o l e o f si m i l ar t r an si t i o n s w e st u d i ed [2] cascad es of y- t r an si t i o n s i n t h e

ev en -ev en co m p ou n d -n u cl ei ~~ ß ò , ã~~ ~~~Ñ Û an d ã~~P y . A cco r d i n g t o t h eo r et i cal

cal cu l at i on s si n g l e- p ar t i cl e st at e [5 10] ] ' , con cen t r at i n g t h e st r en g t h o f t h e Çð sh el l

i n d ef or m ed n u cl ear p o t en t i al , l i es b y 2 .5- 3 M eV b elow n eu t r on b i n d i n g en er gy i n

t h i s at om i c w ei g h t r eg i on . T h i s st a t e m u st b e ex ci t ed i n t en si v el y b y t h e p r i m ar y

t r an si t i o n s w i t h cor r esp on d en t en er gy . I t i s seen f r om t h e fi gu r es t h a t i n à11 t h ese

n u cl ei at i n d i cat ed p r i m ar y t r an si t i on en er gy i t i s r eal l y ob ser v ed àþ en h an cem en t

of t h e cascad es i n t en si t i es r el at i v el y b o t h m o d el cal cu l at i on ( cu r v e i n fi gu r e) an d

cascad es w i t h som e h i gh er p r i m ar y t r an si t i on en er gy . M or eov er , i n so m e cases t h e

ex p er i m en t al i n t en si t i es ex ceed t h e m o d el cal cu l a t i on b y o r d er of m ag n i t u d e.

H en ce , i t i s i m p ossi b l e t o d escr i b e t h e n eu t r o n r ad i at i v e cap t u r e p r o cess i n h eav y

d efo r m ed n u cl ei [3 ] ( i n cl u d i n g t r an su r an i u m i so t op es) w i t h ou t t ak i n g i n t o accou n t

t h e sh el l eff ect s o f t h e si m i l ar k i n d .

1. Boneva S.Ò. et al ., Particles and Nuclei , 1991, V .22, ð.1433
2. Boneva S.Ò. et al ., Z. Phys. À — Hadrons and Nuclei , 1991, V .338,. ð.319
3. Beitins Ì .R. et al ., Z. Phyz. À - Hadrons and Nuclei , 1992, V .À341, ð.155
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F i g . 1 . S u m i n t e n s i t y o f c a s c a d e s f o r t h e t w o l o w - l y i n g

l e v e l s i n S m ( % ð å ã d e c a y ) à â à f u n c t i o n o f p r i m a r y

t r a n s i t i o n e n e r g y . H i s t o g r a m s r e p r e s e n t t h e e x p e r i m e n -

t a l d a t a w i t h o r d i n a r y s t a t i s t i c a l e r r o r s ; c u r v e s 1 a n d 2

r e p r e s e n t t h e B S F G a n d t h e I g n a t y u k t h e r m o d y n a m i c a l

m o d e l p r e d i c t i o n s r e s p e c t i v e l y . F i g . 2 . T h e â à ò å à â i n F i g . 1 f o r c a s c a d e s

t o t h e t h r e e l o w - l y i n g l e v e l s i n ~~ ~ P y .

Fig.4. The âàò å àâ in Fig.1 for cascades to the
three low-lying lå÷ålâ in ~~~Ñ H.

Fig.Ç. The same àâ in Fig.l for cascades to the
three 1î ê -lying levels in G d. 156
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ON À N E W W AY OF C O M P T ON B A CK G R O U N D SU B T R A CT I ON I N
I N V E ST I G A T I ON OF .ó ó-C OI N C I D E N CE S B Y SU M M A T I O N

ÒÍ Å A M P L I T U D E S OF C OI N CI D I N G P U L SE S (SA C P )

Å.× .×àÿ 1|å÷à, À .V .Voèþ v, × .D .K ulik , Yu.P.Popov , À .Ì .Sukhovoi , × .À .K hi t rov ,

Óè.× .K holnov , V .N.Shi l in

Frank Labor atory of Neutron Physi cs
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However there is à background smooth component left in the form of st ructures of
three peaks, one of them with à posi t ive ampl i tude, two others wi th à negat ive one,
T hese st ructures have ï î satel l i tes in the other hal f of t he spect rum. T hey appear
fol lowing the background subt ract ion under the infl uence of the y-l ines forming the " f '

peaks (Fig.1) of greater total energy. Fig,Ç explains the nature of the false structures.

Fig.4. T he same as in F ig.2 for the
åëåö ,ó interval of t he SACP spect rum
of 2430 — 2443 keV .

Fig.2. T he ó-ãàóç spectrum for the two-
quantum cascades corresponding to the en-

ergy peak of Å , = 2498 keV in the
SACP spectrum (F ig.l ): à) following the
t radi t ional way of background subtraction;
b) following the new way of background

subtract ion .
I n t h e i n t e r v a l " ~" ' ( F i g .Ç) t w o y - l i n es o f o n e o f t h e c a sc a d e s f o r m i n g t h e " f ' p e a k

o f su m s a r e sh o w n . T h e C o m p t o n d i s t r i b u t i o n f o r t h e m i s sch em a t i c al l y i n d i c a t ed b y

à d a sh e d - l i n e . F o r Å ,' ( Å ', c o i n c i d en c e s o f t h e ó - l i n e , Å ~, w i t h t h e k q s e c t i o n o f t h e

C o m p t o n d i s t r i b u t i o n o f t h e l i n e E ~ m a y b e r eg i s t e r e d . T h u s w e o b t a i n t h e p a t t e r n o f t h e
sec t i o n " 1 " . Â ó se t t i n g u p t h e " g a t es" o n t h e l ef t a n d o n t h e r i g h t s i d e o f t h e " ~" p e a k ,

w e sh a l l m e a s u r e p a t t e r n s f o r t h e se c t i o n s " 2 " a n d " 3 " . T h e b a c k g r o u n d su b t r a c t i o n

" 1 " — " 2 " — " 3 " w i l l g i v e u s t h e p a t t er n o f t h e se c t i o n " 4 " , i l l u s t r a t i n g t h e b a ck g r o u n d

s t r u c t u r e i n F i g .2 à . T h e n u m b er o f su ch s t r u c t u r es i n c r e a s es r a p i d l y w i t h d i m i n i sh i n g

en er g y o f t h e p e a k o f su m s u n d e r i n v es t i g a t i o n , Å ,' . A t Å , ( Q — 1 M e V w h er e y i s t h e

en er g y o f d ec a y , m e a su r em e n t s b e c o m e p r a c t i c a l l y i m p o s si b l e . À r e p e a t e d b a ck g r o u n d

su b t r a c t i o n m a k es i t p o ss i b l e t o e l i m i n a t e f a l se s t r u c t u r es .
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Let us consider the " à" sect ion (Fig.1) to be an eff ect and the " ñ" sect ion — à

background. T he resul t of the above-ment ioned operat ion will be the pat tern of sect ion
7 shifted to t he left from the cent re to à distan ce of " à" width . T he same is t rue for
the sect ion 10 shifted to t he r ight to à distance of " b" width .

Í we shif t both pat terns as i t was descr ibed above and add them together , as à
resul t we shall have " 11" ident ical to " 4" . The subt r act ion of " 11" from " 4" gives zero.

T he E~ l ine turns out t o Úå subt racted àç well ,
T he shift s of " 7" àï é " 10" correspond to t he move of t he ÷ô î 1å diff erent ial spec-

t rum scale by à corresponding number of channels. Having performed the aforeci ted
operat ions pn the spect rum (F ig.2à) we obtained Fig.2b, Al l t he background st ructures
have disappeared completely.

T he ðàãÑ of t he spect rum of sums for the interval of ~430- 2443 keV is t he best exam-

ple in this respect . Fig.4à comprises more than 25 background st ructures. On applying
this new method of background subtract ion (F ig.4b) they are removed completely.

We have made use of this method to invest igate the compl icated scheme of t he decay
of ~~~Å ì - +~~~ Sm [5]. T he measurement has been t aken for the whole energy interval .

T he method can be successfully appli ed to the study of the (n , 2~) react ion . l t is deal t
wi th in more detai l in [6] ,

Â .å Õå ã å ï ñ å ÿ

[1] Bogdzel À .À . et al ., JINR, Ð15-82-706, Dubna, 1982

[2] Vasi lieva Å .× . et à1., Izv . AS USSR, ser . phys. 1991, V .56, ð .2, JINR , P6-91-568,

Dubna, 1991

[3] Vasi l ieva Å.V . et al ., see the current repor t , ð .
[4] Boneva S.Ò. et al ., Izv . A S USSR, ser .phys., 1987, V .51, ð .1882 JINR , P6-87-98

Dubna, 1987

[5] Vasilieva Å.V . et al ., T he programme and abst ract s of 43d Internat ional workshop
on nuclear spectroscopy and the st ructure of à nucleus. Publishing house of PINP,
St .-Petersburg, 1993

[6] Vasil ieva Å.× . et al ., Izv . RA S, ser .phys., 1993, V .57, ð.77; JINR,p 6-92-148, Dubna,

1992
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ON A P P L I C AT I ON OF ÒÍ Å ó ó- C OI N CI D E N C E M E T H OD
1Õ Ñ Û Ë Í Õ Ñ2 SU M M A T I ON O F ÒÍ Å A M P L I T U D E S OF C OI N CI D I N G

P U L SE S (SA CP ) ÒÎ I N V E ST I G A T I O N OF N U CL E A R R A D I OA CT I V E

D E C AY SCH E M E S

Å.× .× àÿ 1~å÷à, V .D .K ulik , Å.× .K ulikov' , N .À .Lebedev' Üå Hong K hj em,

À .F .Novgorodov' , Yu.Ð.Ðî ðî ÷, À .Ì .Sukhovoi , Fam Dinh K hang, × .À .K hi t rov,

-, Yu .× .K holnov

Frank Laboratory of Neutr on Physi cs
' -Laboratory of Nuclear Problems

T he decay of compound states of nuclei , produced by the capture of thermal neu-

trons, has been successful ly invest igated by the SACP method [1] for more than 10 years.
T he work [2] shows that the field of applicat ion of this method could be extended to

invest igat ion of complicated radioact ive decay.
T he gist of t he method consist s in successive measurement of the spect ral composi-

t ion of t he two-quantum cascade groups wi th the sam e sum energy, Å , . Af ter the decay
of à compound state (Fig.l a) , i t wi ll be groups of cascades between the compound state,
(Â „ ), and diff erent low levels of à nucleus, Å~, fol lowing the decay of à nucleus (F ig.l b)
— between numerous levels populated by p-(à )- decay and low-lying levels.

Fig.1 T wo types of decay schemes
for nuclei : compound states (à) and
ð- (à )- decay (b) .

~~

ô !

~~~~

4 ñ Å ö,

à
T he energy of cascades (Fig.1à) is known beforehand. In t he case of 1Ü i t was not

clear whether there would be some lines in the SACP spectrum .
T he measured SACP spectrum for the ' ~~Üè — +~~~ Y b (Q = 3.5 M eV ) decay is given

in F ig.2. I t contains 70 peaks (there are usually only à few of t hem for the react ion
(è , 2 Ó)), T hey correspond to the cascades between pairs of levels (combinat ions of ~ 80
levels). T hus, the whole Ó-'spectrum (> 600 t ransi t ions) fal ls into 70 spect ra of two-

quantum cascades. One of them wi th Å , = 3081 keV is shown in Fig.3. T he pairs
of l ines, which are symmetr ic about the spect rum center , form cascades each of those
determines the posi t ion of three levels of à nucleus. 497 cascades have been detected,
and their character ist ics are presented in the tables [2]. 413 y -t ransit ions are engaged
in them . 129 new cascades, 133 new y-t ransi t ions, and 17 new levels (3298, 3273,
3206, 3180, 3114, 3111, 3092, 3055, 3014, 3007, 2979, 2846, 2842, 2779, 2764, 2739 and
2657 éåÚ' ) 1~à÷å Üååï 1î èï ñ1.
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It ' s surpr ising that such an abundance of new resul ts have been obtained while
invest igat ing the scheme of t he decay of ~~~Üè, considered to be thoroughly explored at

à high up-to-date level [3] .

Fig.2 SA CP spect rum for the decay of Fig.3 Distr ibut ion of intensit ies for the
170 ð 170 ó ~ two-step cascades wi th t he total energy

Å, = 3081 keV .
At t he present t ime the construct ion of schemes of levels and t ransi t ions is based on

the Ri t z rule (the rule of sums and difFerences of t ransi t ion energy val ues). In ñàÿå of
complicated decay schemes, when the total number of t r ansit ions N ) 100, the number
of accidental energy coincidences r ises abrupt ly (û N ~), and applicat ion of these rules

ð ÷åÿ poor eff ect . For large N it is al so diffi cult t o interpret t he result s obt ained with
t radi t ional method of coincidence with " gates" .

Òî move fur ther , i t i t necessary to increase considerably (by an order of magni tude)
the measurement accuracy of t ransi t ion energy or new methods should be found which
either would not rely on the Ri t z rules at al l or would use them only Ñî à cer tain extent .
T he present work has shown that t he SA CP method is one of such methods due to i t s
following char acter ist i cs:

1. T he possibil ity of dividing à complicated spect rum into à lar ge number of sect ions,
the rarefact ion of spectra, and ident ifi cat ion of weak component s.

2. Weak degree of dependence on the Ri t z rules.

3. T he possibili ty of à complete subt ract ion of the Compton background.
4. T he possibil i ty of separat ing t ransi t ion mult iplet s regardless of the component 's

energy val ue difFerence. I t can be i llust rated [2] Úó duplet s 1514.26 - 1514.47 (2.6
- 61), 1674.11 - 1674.22 (15.6 - 2.73) and 1700.76 - 1700.80 (8.4 - 8.9) (in brackets
the intensit ies are given per 10 4 decays)

5. T he resul t s can be e& ily interpreted.
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ON ÒÍ Å INDEPENDENT FRAGMENT YIELDS IN ÒÍ Å FISSION OF ~~~Ðè

INDUCED BY RESONANCE NEUTRONS

N.À .Gundorin, À .Â .Ðî ðî ÷, Dao ÀÜï M inh, L .V ,M ichailov

Prank I aborator y of Neutron ÐÜóç÷ñç, Joint I ru 6 tute f or Nuclear ÊåçåâòñÜ

T he analises of gamma-spect rum from the resonance neut ron induced fi ssion î Ð ~~Ðè

at 0,2 å× to 230 å× were developed [1].
T he refi ned independent yields of some fragments as well as the ti me of l ife of some

isomers were obt ained / Tablel and ÒàÛ å2/ .On the base of the comparison of our exper-
imental resul ts with those obt ained for thermal neutron induced fi ssion we may conclude
that the var iat ions in the ò àçà dist r ibut ion don' t exceed 25 % for t he fragments iden-

t ifi ed.

T h e r el a t i v e y i el d s o f som e f r agm en t s t o t h e 11- t h r eson an ce w i t h sp i n 1+ w er e

o b t ai n ed f o r al l i d en t i fi ed f r agm en t s. T h e w ei gh ed m ean val u es f o r 18 l i g h t an d h eav y

f r agm en t s w er e cal cu l a t ed f r om t h ese d at a as à f u n ct io n of E Ä an d 1/ Ã ó / F ig .1 an d

F i g .2 / .

W e h av e n o t seen t h e fl u ct u a t i on s f r om on e r eson an ce Ñî o t h er m or e t h an 5 % w i t h i n

t h e er r o r o f m easu r em en t s.

T h e d ecr ease of r el a t i v e y i el d s f r om t h e r eso n an ce w i t h sm al l Ãó d u e t o t h e com p et i -

t i on b et w een t h e ( n ,f ) r eact i on an d t h e ( n , ó f ) p r o cess i s i n qu al i t at i v e agr eem en t w i t h

t h e C ow an et al . d a t a [2 ) o n t h e Ð / × r at i o / F i g .Ç/ as w el l as w i t h t h e ex p er i m en t al

[3] an d cal cu l a t ed d a t a [4 ) o n t h e t o t al en er gy of f i ssion gam m a-ãàó ç / F i g .4 / . B u t ï î

qu an t i t a t i v e est i m a t e i n f av o u r of t h i s ob ser vat ion i s p o ssi b l e t o b e m ad e f r om t h ese

m easu r em en t s d u e t o con si d er ab l e ex p er i m en t al er r o r s.

So h i g h er p r eci sion m easu r em en t s of i n d ep en d en t y i el d s f r om t h e r eso n an ce n eu t r on
i n d u ced fi ssi on of ~~~Ð è ar e n ecessar y .
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Table 1.Independent y ields of fission fragments from the resonanace neut ron induced
fi ssion of ~~~Ðè in comnarison with those from thermal neut ron induced fi ssion.

G am m a

en e r g y

Å .„

k eV

Pr el im in ar y
resul t s/ 9/
YÄÄ + A Y

%

Refi ned
result s

YÄ, + b , Y
%

À.Ñ.ÆàÛ
/ 8/

Ya + ~ Y
%

J .K aufm ann
/ 10/

Ya + ~ >

%

7-Fr -À

0.79~ 0.03
1.18~ 0.05

36- Ê ã- 88

90

775
707

814.7

837.4

815

1223
212.4
152

296
192

171.7

0.77~ 0.23
1.58~ 0.27 1.00~ 0.20

0.60~ 0.24
3.32~ 0.42'

1.40~ 0.56
2.4~ 0.36
4.08~ 0.21

1.25+ 0.03
38-Sr -92

94

96

1.00~ 0.06
3.14~ 0.16
1.90~ 0.10

2.65~ 0.33 3.30~ 0.05
1.75~ 0.04

40-Zr -98

100
102

2.78~ 0.29
3.95~ 0.20
0.99~ 0.14

2.85~ 0.14
4.76~ 0.24
1.19~ 0.12

2.83~ 0.05
4.40~ 0.06
0.54~ 0.02

42-Ì î -102

104
106

1.70~=0.12
4.12~=0.21
2.06~ 0.10

4.02~ 0.20
1.48~ 0.21

5.19~ 0.06
2.05+ 0.04

52-Òå-132

134
1.79~ 0.23
2.70~ 0.28~

2.00~ 0.40
4.50~ 0.81'

2.36~ 0.07
4.71~ 0.51

54-Õå- 136

138
140

1.83~ 0.17'

3.56~ 0.28 4.06~ 0.34
1.30~ 0.27

5á-Â à-142

144
3.49~ 0.32
2.51~ 0.15

3.11~ 0.24
2.32~ 0.19

3.27~ 0.26
2.05~ 0.23

58-Ñå-146

148
1.13~ 0.18
1.70~ 0.16

0.95~ 0.01
1.09~=0.12

à-This value has been evaluated due to the large interference caused by the ~~ñ å (n ,n'y )

broad neut ron inelast ic scat tering peak .

ñ(Ü)-This value has (not ) been corrected for t he cascade isomer ic t ransi t ion.
Table 2.Cascade delay ó-ãàóç observed in t he experiment .

< amma Z-Fr-À Intensity ñ1~ð

energy YÄk A Y
keV % ns

à-T his value was t aken from / Ref./ and used as input .

24 1
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2.20~ 0.24

3.02Õ0.36
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T he measurements of independent fission fragment yields by mean s of gamma -

spect roscopic method was demonstrated dur ing the invest igat ion of spontaneous fi ssion
of ~~~Cf [1] ,[2]. T his method was used in the invest igat ion of gamma - ãàóç from fi ssion
fragments of ~ç% induced by resonance neutrons [3] . Further development s of t he

gamma — spect roscopy method were in conj unct ion wi th t he research of peculiar i t ies in
the fi ssion of ~~~Ðè [4] .

Neut ron spectroscopy is carr ied out using the t ime - of - fl ight method with t he IBR
- 30 as à neut ron source. T he fi ssion chamber is employed as the t arget and as the
fast detector of fission events. T he semiconduct ing Ge detector is used to measure the
gamma - ãàó spect rum . T he basic char acter ist i cs of the gamma - spect rometer are shown
in Table 1. T he t ime-î È Û~Û spect rum from the fi ssion chamber (fi g.1) demonst rates
insuffi cient energy resolut ion, especial ly for the range (40 - 230)eV .

)î î î î

~

For increased resolut ion i t is necessary to use à source with shor ter neut ron pulse du-

rat ion . I t wil l be possible af ter reconst ruct ion of t he neutron source in Dubna according
to the IREN proj ect [5].

24 4

23®Pu fission peculiar it ies by resonance neut rons.

N.À .Gundorin
Prank Laboratory of Neutron Physi cs, Joi nt Insti tute for N uclear

Research,



Table 1: Basic character ist i cs of fi ssion gam ma - spect rometer .

Par ameters of Fission Gamma - Spect rometer

IREN
proj ect

IBR - 30

1992ó.
Neut ron

spect rometer

57 - 60
2 õ 10çß - î .å

1.9 õ 10 çß ç)à

0.17

57 - 60
3 õ 10çÅ - î

1.9 õ 10- 4Å'~/ '

0.17

Dist ance of neut ron fl ight (rn)
Neut ron fl ux (n/ cm~ s eV )

Energy resolut ion (eV )
Recycling energy (eV )

239 ðFission chamber (IFC)

1 .6

19

1 .0

7 .5

99 .9

6 0

2 .6

19

Fission mater ial (g)
Number of t argets
Density (mg/ cm~)

Target diameter (cm)
Enriched (%)
Effi ciency (%)

Òèï å resolut ion (ns)
Number of sect ions

D G D K - 110 G R 3019Ge - detector

12 30

0.9
1.9
48
14

) p>~
48.5 õ 10ç 3 USA

Effi ciency (%)
Energy resolut ion (keV )

122 keV
1332 keV

Peak/ Compton
Dist ance IFC - Ge (cm)

Raddi t ion - resistance fl uence (n / cm~)

Pr ice (in 1989ó.)

1.4
2.3
24

28 - 31

30 õ 10 rouble

Count ing rate in spect roscopy channel (s ~) ~ (3 — 4) õ 10~ ~~ 6 õ 10~

T he gamma — spectrum , measured by the spect rometer wi th Ge detector DGDK
— 110 (6g.2) , has à few " bumps" and à small rat io between gamma - l ines and the

underlayer due to insuffi cient quali ty of the Ge detector and the high neut ron induced
y -background.
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Figure 2: Coincidence gamma - spect rum for t he energy region (100 - 1000)keV ,

Effi ciency of t he gamma-spectroscopy method in invest igat ing nuclear fi ssion de-

pends on the parameters of à spectrometer and the qual i ty of à measured spect rum.
Perfect ion of spect rum by reducing the Compton-underlay with t he help of an " act ive"

shielding of the Ge detector is doubtful due to unfavorable background condit ions of
the neut ron beam . Nevertheless, t hat way of spect rum improvement was tested with
à model spect rometer with incomplete " act ive" and complex " passive" shielding. An
incomplete " act ive" shielding consisted of t hree plast ic scint i l lators 20 õ 20 õ 40cm~ and
one NaI (T l ) crystal - 15cm x 10cm (fi g.3). À complex " passive" shielding - 5cm of ~~B

- ÑÍ and 5cm of Pb - was used to decrease the gamma counts connected wi th à high

neut ron background.
T he effi ciency est imat ion of t he Compton-underlayer reduct ion was defi ned to com-

par e the rat io peak / underlayer for gamma - l ines in the energy region (100 - 400)keV
between two fragments gam ma - ray spectrum: without (À ) and wi th " act ive" shield-

ing (Â ) (fi g.4). T he mean value of the reduced coeffi cient is Ê „,~ = 2.6 9 0.2. If the
condi t ion of incomplete shielding - near ly (0.65 — 0,7) x 4ò - is t aken into account , with
the spect rometer 's size and const ruct ion being opt imized the reduct ion could be over

90%. As far as the main par t of t he experimental error is connected wi th the large
spect rum 's underlayer , after i t is reduced 10 t imes, the precision of the dat a may be

ò î ãå than 3 t imes greater . The stat ist ical error may be reduced more than 3 t imes
using à quali ty n-HP Ge detector (GR3019), à fast electronic system and to reducing
the dist ance between it and the IFC (Table 1).

A s à result the summary exper imental error could be improved by near ly one order
of magni tude compar ed to the preceeding data [6]. Modifi cat ion of the spect rometer
by using à high qual i ty n-HP Ge detector and à fast electronic system, wil l al low mea-
surement of much more gamma-lines wi th the intensity precision of (1-3)%. T hus the
effi ciency of gam ma-spect roscopy method wi ll be increased essent ial ly.
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F i gu r e 3 : Sch em e of g am m a - sp ect r om et er w i t h i n com p let e " act i v e" sh i el d i n g on I B R
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In this way t he number of ident ified fragments will be increased; for those with in-
dependent yields of more than 1% could Úå measured to à precision of 1 — 3%. T his
value is close to t he dat a precision obtained with the " Cosy — Fan - Tut te" spect rometer
at t he Grenoble High Flux Reactor for the thermal neut ron fi ssion of ~~~Ðè [7] . But
the possibi l it ies of this Grenoble arrangement , as wel l as t he mass - separ at or " ÜÎ -

HENGRIN" , are limited to the light fission fragment group. T he gamma — spect roscopy

method, which is used on the IBR - 30 in Dubna, can measure the independent yields of
both light and heavy fragments. In this method the l imit at ion on the number of ident i-

fi ed fr agment s is connected with t he quali ty of technical equipment and the incomplete
spect roscopic data about the decay of excited odd - even and even - odd fi ssion fr agment
st ates. T his last cir cumst ance may be overcome by car rying out t he éââþ ï fr agments
gam ma - spect roscopy on-line with t he " Cosi - Fan - Tut te" spect rometer or any other

similar ar rangement at à high fl ux neut ron source.
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ÒÍ Å F I SSI ON ÑÊ Î ÁÈ SE CT I ON A N D R E SON A N C E PA R A M E T E R S
OF çç~Õð I N ÒÍ Å SU B -B A R R I E R R E G I ON (Å„ < 500eV )

Å .D er m en dj iev , I .R u skov , Yu .S.Zam yat n in

ß ank L abor atory of Neutr on Physi cs, Ë Ì ß ,
141 980 Dubna, M oscow Reg. Russia

À .À .Goverdovsky

Iasti t ute of Physi cs and Power Engi neeri ng, 249020 Î Üø àâ1ñ, K aluga Reg., R ussi a

T he reported work sought to achieve ò î ãå precise values for the fi ssion cross sect ion,
,òó(EÄ), and the resonance parameters, o, Ãó and Ãó for ~~~ß ð in t he sub-bar rier range of

neutron energies, where there is à considerable discrepancy (about t hree t imes) between
î ó val ues of American and Japan groups [1] , [2] and the Saclay resul t s.

I t should be added that these neut ron data on ~~~X ð ar e of impor tant signifi cance

for simulat ing the processes going in high burnup reactors and for the t ransmut at ion of
long-l ived radioact ive wastes.

T he experiment was performed using the neut ron t ime-of-fl ight method on beam 3
at t he IBR-30 pulsed booster at JINR. T he Bight path of 58.5 m , t he neut ron pulse
frequency of 100 H z, and the pulse width of ~ 4 èç were used.

À relat ive method of measurement was applied and the mult i layer ionizat ion fi ssion
chamber comprising 12 tar gets from ~~~X p with t he overal l weight of 132 ò ä and one
target from ~ssU weighing 8.5 ò ä were used. T he measur ing t ime amounted to 1042

hours.
T he cross sect ion dependence oy(D EÄ) was measured over t he neut ron energy in-

terval from 3 to 500 eV .
T he resul t s, compared with other authors' dat a, are shown in Fig.1.

One can see that our data in resonance cluster range are in good agreement with both
the American result s obt ained using neut rons from an underground nuclear explosion
[1] and the Japan î ï åÿ in à lead cube [2], but about three t imes lar ger t han the Saclay
dat a [3] .

At t he same t ime the inter-cluster cross sect ion values are closer t o t hose measured at

Saclay [3] which can be at t r ibuted to t he diff erence in resolut ion power of t he measuring
methods.

T he resonance par ameters, ñò,Ãó and Ãó, obt ained in Dubna recent ly and those that
had been measured earl ier [4] are given ø Table 2. A lso shown are the Saclay [3] and
Geel [5] resul t s. One can see that t he Dubna dat a are systemat ical ly by several t imes
higher t han the dat a of the French group.

À conclusion is made that the new values of neut ron const ant s for ~~~ß ð measured

in Dubna and K yoto, and also at Los Alamos [6] , al though showing qui te good agree-
ment , st i ll require correct ion and re-evaluat ion of the ENDF / Â-V I and Y ENDL-3 values,

relying on the measurements reported in t he work [3].



Â .å Õå ã å ï ñ å ÿ

[1] Ì .Hoff man et al ., Bul .Àmåã.Phys.Soc. 21, 655 (1976).

[2] 1.K imura et al ., Repor t , Int .Sem. on Neut ron Physics, Dubna, Apri l 1992.

[3] S.Plat t ar d et al ., Nucl .Sci .Eng., 6 1, 477 (1976).

[4] Ê .À .Gavri lov et al ., A tom. Energy, 28 , 362 (1970).

[5] W .K ol lar et al ., Z.Ðhósé , 248, 355 (1971).

[6] À .D .Carlson et al ., Report , M easurements of the ~~~X p cross secti on, Reactor

Dosimet ry A ST M ST P 1228, Amer .Soc. for Test ing and M ater ials, Phi ladelphia,
1994.

[7] " Neut ron Cross Sect ions" , 1Â , Editor S.F .M ughabghab , BNL , Academic Press

Inc., (1984), New Yor k, USA .

Fig.1 Comparison of o, values for ~~"Ì ð measured at Saclay [2], using
neutrons from an underground nuclear explosion [3], in à lead cube of
Kyoto University [5] and given in the present work.
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T a b l e 1 . T h e cr oss sect i on of ~~~Mp av er aged b y r eson an ce n eu t r on s i n t h e en er gy

in t er v al f r om 3 eV Ñî 5 00 eV .

Averaged cross sect ion ,
( î )
(barn)

0,022 ~ 0,006
0,009 ~ 0,003
0,055 + 0,010
0,006 ~ 0,002
0,012 + 0,003
0,008 ~ 0,003
0,014 ~ 0,004
0,023 + 0,006
0,11 ~ 0,02
0,35 ~ 0,06
1,64 ~ 0,26
0,34 ~ 0,06

Ener gy
interval ,

(eV)
50 — 60
60 — 70
70 — 80
80 — 90
90 — 100

100 — 110
110 — 130
130 — 150
150 — 180
180 — 240
240 — 300
300 — 500

Averaged cross sect ion
« ò, )
(barn)

Ener gy
int erval ,

(eV )
0,006
0,005
0„002
0,004
0,004
0,016
0,16
0,050
0,013
0,22
0,091
0,046

0,002
0,002
0,001
0,002
0,002
0,004
0,03
0,009
0,003
0,04
0,017
0,012
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T ab le 2. ð âî ï ~~ñå àãåà (ó ~ t ) ~î ã àîçò~ Ð m the neutron energ y inter~ fto 50 å× rom 0.5 å×

ß

(å× )

Ã [ñòî ]
Pikelner et al .[4] Plat t ard et al .[3] T he present work

î . Ã ~, o'. Ã cr, Ã ~,
(barn.å× ).10 ~ , ' (barn.eV ).10 s (barn.eV ).10 Ç

2.9 ~ 0.7
3.8 ~ 1.0
3.5 ~ 1.0
1.9 ~ 1.0
16 ~ 4

0.489
1.321
1.479
1.969
3.865
4.26
4.86
5.78
7.42
8.30
8.97

10.68
10.84
11.10
24.98
26.19
26.56
29.49
30.41
30.75
31.30
37.15
38.18
38.92
39.24
39.79
39.93
41.35
42.81
46.04
50.34

12

1.3

1.0

35

6.6

3.5

12

10

3.0

2.6

43

44

170

23

850
5,2

1.5

440

82

890

530

190

2900

1230

95

400

370

2

0.2

0.2

6

1.1

0.6

2

2

0.5

0.5

7

7

30

140

1

0.3

70

13

140

80

30

470

200

15

60

60

6
0.4
0.1
1.6
2.7
0.9
4.1
2.5
1.8
1.0

17.8
11

70.7
0.6
308
1.3
2.2

147.3
7.7
288

153.2
69.4

891.8
389

21.3
130.2
111.7

0.9

0.3

0.1
1.8

0.6

0.5

0.5

0.4

0.6

0.3

1.8

4

5.5

0.2

12

0.6

0.7

12

2.2

24

12

22

44 .5

27

7

7

13

4 6

12

~~
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Table 3. Fission widths, Ã I , , of ~~"Õð resonances in the energy interval from 0.5 å×

to 50 eV

R eco m m en d ed

v al u es [7]

1 .24 ~ 0 .2 6

8 .7 ~ 0 .5

1 .3 3 2 0 .14

4 .2 ~ 0 .3

7 .0 ~ 0 .7

0 .34 ~ 0 .2 0

7 .9 ~ 0 .2

12 .6 ~ 0 .5

9 .5 ~ 0 .9

6 70 ~ 2

24 .0 ~ 1 .2

5 .4 ~ 0 .4

0 .8 ~ 0 .3

3 .4 ~ 0 .3 P i k el n er et al

[4 ]

1 .3

4 .1

1 .1

8 .4

7.8 Ã , «[Y o]

P l a t t a r d et al . T h e p r esen t w o r k

[3]

Å ,
(å× )

ç
0 .2

0.07

5
4 .2
2 .1

8.8
1.5
0 .8
0 .4

~

5 .8

6 .4

4 .4

11

1î
8.7

26
6 .4
1.ç
1.2

1.0

1.2

0.9

ã

ã
1.6

5
1.1
0.2

î .ã

~ç

19

K ol lar et à1.
t~l

3.6 ~ 0.5
30.6 2 8.5
22 5 ~ 3 2
9.9 ~ 6.1
79.8 ~ 10.2
5.1 ~ 2.7
6.9 ~ 2.4
142.3 + 28.5
8.6 ~ 3.0
380.2 + 84.0
333.1 2 105.8
1686.9 2 800.0
864.7 ~ 122.7
216.7 ~ 32.5
236.8 2 153.4
276.1 2 139.8
23 2 ~ 5 9

8.2 ~ 1.5
160 ~ 30
57 ~ 10
300 ~ 50
250 ~ 40
18 ~ 3
5 ~ 1
çâî ~ âî
72 ~ 13
970 ~ 170
1100 ~ 190
1500 ~ 260
6400 ~ 1100
720 ~ 130
1100 ~ 200
820 ~ 140
310 ~ 50

24.98
26.19
26.56
29.49
30.41
30.75
ç1.çî
37.15
38.18
38.92
39.24
39.79
39.93
41.35
42.81
46.04
50.34

8 .5

85

63

62

270

6.6

17

340

20

1000
840

21

7720

700

~000
7î 0
57

0 .6

5

2

4 6

8

6 .6

ç
10

2

ãî î
1ã

ã 1

6 6

~2 0

1î î
4 0

70

40.8
71.6
64.2

3.4

24

7.3

i s
40

23
46

21

180

160

109
132

44.3
232

68.5
710
533

5500

275

307

550

57.2

970
48
88
110
8.4

2 5 3

Î .

Î .

î .
î .
1.

î .
1.
î .
î .
î .

5

2

0 7

5

0

6

2

ç
ç
1



A N E X P E R I M E N T Ò Î M E A SU R E D E L AY E D N E U T R O N Y I E L D A N D
ÒÎ SE A R C H F OR SH ORT -L I V E D G R OU P S O F D E L A Y E D

N E U T R ON S (Ò ( 0.5 8).

Å.Dermendziev , Ju .S.Zamj at in , V .Ì .Nazarov , 1.Ruskov

Prank Laboratory of Neutron Physi cs

1. À setup to invest igate delayed neut ron yields Üàâ been constructed and tested at
the IBR-2 pulsed reactor . I t includes à neut ron chopper , à col l imat ion system and à
neut ron detector . T he setup is placed on beam 11 of the IBR-2 reactor .

T he neut ron chopper is synchronised with reactor pulses and has an adj ustable phase
shift and à var iable rotat ion frequency. T he measuring interval for delayed neut rons is
50 — 200 ps at à neut ron pulse frequency of 5 H z, and up to 1 s, at à chopper frequency

of 1 Í ã.
Test measurements have been made to study the setup capabil i t ies and char acter is-

t ics in difFerent modes of operat ion (at à chopper frequency of 5 and 2.5 H z and diff erent

phase shift s) .
T he result s of t he prel iminary measurements with ã~× Ó and P b samples inside the

detector have shown that for t he measuring t ime of 400 ps the number of delayed
neutrons in t he groups with the known periods fal ls Úó 15% (See Figure 1). T he new
groups wi th shorter per iods over the background level have not been detected yet . T he
ways of reducing the background by means of neut ron beam fi l t rat ion and decreasing

the number of fast neut rons have been out lined.

~ ~Ó Del ay ed Neu t r on Decay Cur ves

þ '

~~

!
1 / =2 .5Í ç

Ph ase Del sy = 12m s eo

~~"Ì Ì Ù ÉÌ 1~1~ ô é ðåÔýÙ ~

åå Éî |âå i bo aLo çëå sbo
1 ø âåå

Ì î

Fig.1.
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I N V E ST I G A T I ON S OF ÒÍ Å 2Ç× Ó N U C L E I F I SSI ON I N D U C E D B Y

R E SON A N C E N E U T R ON S

# # Goni n, L .Ê . Ê î õ1î ÷çé ó, D .I . Tam bovtsev
IPPE, Obni nsk

À .À . Bogdzel , # À . Gundori n, L .× . Mi khailov, À .Â . Popov, W.I . Furman
Pr ank Labor atory of Neut ron Physi cs

Joi nt Insti t ute for Nuclear Research, D ubna, Russi a

T he measurements of t he angular distr ibut ion of fragment s from the resonance neu-
t rons induced fi ssion of al igned ~Ç% nuclei have been st ar ted at t he 5th beam of t he

booster at the IBR-30 reactor on the 30 m fl ight path .

T he purpose of t hese invest igat ions is an independent evaluat ion of t he À ~(Å„ )
anisot ropy factors for t he resonance neut rons ø t he interval of 0.3 to 50 eV as well as
the analysis of the angular-dependent par t of t he fi ssion cross-sect ion within t he frames

of t he mult i level and mult i channel model of fi ssion.
T he nuclei al ignment is at t ained by cooling the rubidium uranyl ni t r ate (RUN) single

cryst al s down to 0.15Ê in the ~Í å — ~ Í å dilut ion refr igerator (Fig. 1) . T wo set s of
t he single cryst al t argets with the area of 20 and 24 ñò ~ are at t ached back-t o-back

to the each side of t he copper plate which is in t hermal cont act wi th t he refr igerator
di lut ion chamber . T he fi ssion fragments from each sample side are registered by the
sil icon detectors of 2 x 5 area at 0' , 45' , and 90' with reference t o t he c-axis of the single

cryst als (t he ñ-àõå8 of al l the cryst al s are directed along the neut ron beam ).

Âó now, only t he prel iminary measurements have been carr ied out . Low content of
the uranium nuclei in the samples ( 10~î ñò ~) leads Ñî t he necessi ty of t he long-t ime

measurements. Cer tain problems in using the sur face-barr ier super conduct or detectors

have ar isen. At t he helium temperat ures, the cont act s somet imes give t rouble, t he noise
ar ises, and other inst abili t ies t ake place.

Fig. 2 shows the exam ple of t he effect observed in t he t ime-of-fl ight spect rum caused
by al ignment of ~~~U nuclei . T he spect rum has Úååï registered by the detector posi t ioned
at 8= 90' . One can âåå relat ive changes of the resonance areas when compar ing the
" warm" and the " cold" " spect ra

T he fi r st est imat ions show that t he mean val ue of A p within t he interval of 0.3 t o
50 å× is colse to ( À ð) val ue obt ained by Pat tenden and Postma (1971) in t he similar
experiment which has been the only one up to now.

T his exper iment is t he fi rst and preparatory step towar ds the fut ure experiment s at
the IREN inst al lat ion which will have more per fect par ameters.

T he exper iment is intended to be performed in cooperat ion æé Û Ýå1É and Darm-

stadt .
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~~Ñ 1( ï , ð ) ~~ß c r o s s s e c t i o n f r o m 2 5 m e V t o 8 0 0 k e V a n d

t h e n u c l e o s y n t h e s i s o f ã à ã å i s o t o p e ~ S

P .Å .Ê î å Û åã , S .Ì .G r a a f , Í .À . Î ' B r i e n

L o z À 1à òï î ç N a t i o n a l L a bo r a t o r y , L o s A l a r n o s>, Negr o M ez i co 8 7 Ö Á, U S A

Ó è .Ì . G l e d en o v , Y u .P .P o p o v

P r a n k L a bo r a t o r y of N en t r o n P h y si c s , > J I N R , Ý è Üï à

T he ~ C1(n ,p)~ S react ion can play à cr i t i cal role in t he product ion of the ãàãå iso-
t ope ~ S in explosive nucleosynthesis and s-process calculat ions. We have measured the
~ C1(n,ð)~ S cross sect ion from thermal energy to approximately 800 keV . ÒÜå main
measuremens were performed at the moderated " white" neut ron source of LANSCE

(Los Alamos). Protons and à- par t icles from t his react ion were det ected with à si l-
i con surface-barrier detector . Measurements were al so made wi th à dual-gridded ion

chamber . T he result from the lat t er detector were l imited Ñî energies below à few keV ,
however i t give us possibi l it y t o separate of t he alpha-par t icles from the protons for t he
Es — — 902.6 eV and 1297.3 eV resonances.

Our value for t he thermal cross sect ion 46.2~ 0.4 mb is in good agreement with value
of 46~ 2 mb [1] , but disagree with t he value reported ø [2]. A ddit ional measurement s
of thermal cross sect ion were performed by us at the W W R-Ì reactor in Gat china.

In à mult i level analysis of our dat a we determinated par ameters for eight resonances ø
the energy r ange from 900 eV t o 70 keV instead three in [3]. T he ~ C1(n ,ð)~åß cross

sect ion for energies between 500 eV and 800 keV from our measurement s is shown in

~ù .l .
At ast rophysical ly relevant temperatures the react ion rate, N~ ( o v) , cal culated from
our data is about à factor 2 t imes smaller than the theoret ical rate used early. T he
new rate should help t o reduce the overproduct ion of ~ ß from explosive nucleosynthesis
cal culat ions and may signifi cant ly reduce the am ount of ~ ß calcal ated to be synthesized

in the s-process.

Resul t s are presented in Ref .[4,5] .

R ef er en ces

1. S.Druyts et al . Ann.Geophys.9(Suppl .) , 336 (1991)
2. J .Andrzej ewski et al . JINR Communicat ion, P3-87-319, Dubna (1987)

3. Óè.Ì .Gledenov et al . Z.Phys.A 322, 685 (1985)
4. P.Å .K oehler et al . Phys.Rev.Ñ47, 2107(1993)
5. P.Å.K oehler et al .In: 8th Intern .Symp. on Capture Gamma-Ray Spect roscopy and

Related Topics, ð .65, Fr ibourg (1993)
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' ~Õ ( ï , ð ) ' ~C R e a c t i o n C r o s s S e c t i o n a t T h e r m a l ,

2 4 Ë Û å ' Ê , 5 3 . 5 k e V a n d 1 4 4 k e V N e u t r o n E n e r g y

Óè.Ì .Gledenov, V .1.Salat ski , Ð.× .Sedyshev, Ì .× .Sedysheva, L i Í î Âî ò
Embank Laboratory of Neutron Physi cs, Joint I nsti tute f or Nuclear Research, Ö 1980

Ðèáï à, M oscow region, Russi a
× .À .Pshenichnyj

I nst i tute f or Nuclear Research, Academy of Sci ence of Ukrai ne,
2502Â K iev, Ukrai ne

J. Andrzej ewski
Depar tment of È èñ1åàò Physi cs, Uni versi ty of Lodz, 90181 Lodz, > Poland

Depending on the ~~È (ï ,ð)~~Ñ react ion cross sect ion, ~4È isotope may exhibi t essen-

t ial infl uence on the neut ron balance and the format ion of cer t ain element s at the st age
of stellar nucleosynthesis. Our measurement s were carr ied out on the 1ÂÂ; 30 pulsed
booster of t he Frank Laboratory of Neut ron Physics in Dubna an d on the beam of È -
tered neut rons from the V V R-Ì reactor of Inst i t ute for Nuclear Resear ch in K iev . T he

ionizat ion chamber served as the detector of charged par t icles. Sol id adenine t argets
were used. Fig.1 presents t he experiment al spect rum read out dur ing the measurement
in K iev on t he neut ron fi l t er for t he 53.5 keV neut rons. T he peak À is t he prot ons from
the ~4Ì (ï ,ð)~4Ñ react ion on the 53.5 keV neut rons. T he proton peaks Â and Ñ &om

the same react ion appear due Ñî 0.49 M eV and 0.65 MeV neut ron resonances of t he
~~È , because the fi l t er t ransmi ts about 1% of t he neut rons of such energies. T he cross

sect ions were found to be 1.83~ 0.07 b , 2.02~ 0.16 mb, 2.08~ 0.23 mb and 2.07~ 0.27 mb
for t hermal , 24.5 keV , 53.5 keV and 144 keV neut ron energy, respect ively.

Our result s are in à good agreement with ear l ier est imat ions [1,2] and with exper-

iment al dat a which were obt ained by K oehler et .al . in Üî â A lamos [3] , but about à
factor of 2 larger than the result s [4] by Brehm et .al . A ccording to the our dat a the
i~N isotope may act as à st rong neut ron " poison" in s-process dur ing the operat ion of
the chain of react ion involving the ~~Ñ(à,ï )~~0 neut ron source. A lso, ~4Ì may play à
crucial role in t he nucleosynthesis of ~~P. Our result s have been presented in [5,6,7] .

1. N .À .Bahcal l and W .À .Fowler . Ast rophys.J . 157, 659 (1969).
2. F .Aj zenberg-Selov . Nucl .Phys. À 449, 1 (1986).
3. P.Å .K oehler and Í .À .Î 'Br ien. Phys.Rev.C39, 1655 (1989).

4. Ê .Brehm et .al . Z.Phys. À 330, 167 (1988).
5. J.Andrzej ewski et .al . In " Nuclei in Cosmos" . Int .Symp. on Nucl . Ast rophys., K arl-

sruhe, Germany, 6-10 July 1992.

6. Óè.Ì .Gledenov et .al . Z.Phys. À 346, 307 (1993).
7. Óè.Ì .Gledenov et .al . Sth Int .Symp. on Capt . Gamma-Ray Spect . 20-24 Sept . 1993.
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Fig.1. Spectrum of the protons from thc '4N(n.ð)'4Ñ reaction when é å

majority of neutrons have the energy 54 keV.
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~åÀ 1( ï ,p )~eM g and ~åÀ 1( ï ,à)~~Õ à C r oss Sect i on f r om T h er m al E ner gy t o

A p p r ox im at ely 50 keV
Óè.Ì .Gledenov , Yu.P.Popov

Ðï èé Laborator y of N eutron Physi cs , Joint I nststute f or ï èñlåàò Research, Dubna,
Russi a

P.Å.Ê î åÛ åã, Í .À .Î 'Br ien

Los A lamos Nati onal Laborator y, Los A lamos, NM, USA .

S.Ì . Gr aaff

9~18 Stitt Rd., Whi tehouse, Ohi o, USA
J.À . Harvey, N .× .Hill

Oak Ri dge Nati onal Laboratory, Oak Ri dge, TN, USA
R.W . K avanagh

Ñàé åñé, Pasadena, ÑÀ, USA
R.Â × î äå1ààã

Pr inceton Universi ty, Pri nceton, NJ, USA
Ì .W iescher

Unsversi ty of Notre Ðàòï å, Notre Ðàòï å, I N, USA
F .K appeler , Í .Schat z

K ernf orschungszentrum K ar lsruhe, Ê àò1çòèÜå, Ger many
Í .-Ð. Trautvet ter

Ruhr - Universi tat Â î ñÜèòï , Germany

At our par t i cipat ion prel iminary measurement s on ~~À1 isotope were car r ied out

within neut ron energy region from thermal up to 50 keV . M ost of t his energy range
has not been explored Úó previous measurement s. Underst anding the or igin of ~~À1 is

impor tant because it is one of the few radioact ive products of stel lar nucleosynthesis
Ñî Úå observed direct ly Úó ó-ray telescopes or indirect ly as à ~~Ì ä anomaly in some
meteori tes. T he ~~À1(ï ,ð) and ~~À1(ï ,à ) react ion are thought to be maj or means for
the dest ruct ion of ~~À1 in some ast rophysical enviroment s.

T he measurement s were made at t he white neut ron source of t he M anuel Luian, Jr .
Neut ron Scat ter ing Center (LA NSCE) using à Ü Å-Å semiconductor det ector t elescope.

Several resonances were observed. T he prel iminary result s for t he (n ,as) channel are in
à good agreement with dat a obt ained from the invest igat ion of reversal react ion [1] , but
for the (n ,ðr) channel t hey are about à factor of 2 larger t han previous measurements
[2] . T hus, our measurements indicate that t he dest ruct ion of ~sA1 in neut ron enviro-

ments is even greater than previously thought .

1.R.Ò.Skelton and R.W .K avanagh, Phys.Rev. Ñ 35, 45 (1987) .
2.Í .-Ð. Trautvet ter et .al . Z.Phys. À 523, 1 (1986).
3.P.Å.K oehler et .al . Apri l M eet ing of À ï üÐÜóç.Soc. 12-15 Apri l , 1993.
4.P.Å .Ê î åÛ åã et .al . 8th Int .Sym.Capture Gamma-Ray Spec. 20-24 Sept ., 1993.
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Í åà âø å âåð of P- od d ààóàâ å1ãó i n t h e B ( n , a ) L i r ea c t i on 10 7

× . À . ×åâï à , Óè . Í . Gl ed enov , 1 . S . Ok u n ev , S . S . Par z h i t s k i i ,

Óè . P . Popov , Å . V . Shu l ' g i n a 1 ã

1
F r a n k L a b o r a t o r y o f N e u t r o n P h y s i c s , J I N R , D u b n a

ã
P e t e r s b u r g N u c l e a r P h y s i c s I n s t i t u t e , Ga t c h i n a

On t he h i gh f l ux Üåàà of t he po l ar i zed co l d neu t r ons of t he

MMR- È r eac t or a t t he PI NP (Ga t ch i na ) 1n f r ame of co l l abor at i on was

per f or med t he measur ement s of asymme t r y of t he emi ss i on of
«- par t i c l es i n t he B(n , « ) L i r eac t i on . Asymmet r y of t he t ype : M 10 7

• , Ô ÷ +1 + à N ( e ' k ) w a s m e a s u r e d ÷ Ü å ã å e ' , , k a r e t h e n e u t r o n s p i n a n d

p N n à è ' à

t he un i t vec t or of «- par t i c l e emi ss i on d i r ec t i on , r espec t i ve l y .

The measur i ng cond i t i ons was f o l l owi ng
neu t r on i n t ens i t y N = 3 ' 10 n/ s 10

mean wave l eng t h Ë = 4. 5 À

po l ar i zat i on Ð = 80 %

For t he det ec t i on of t he char ged par t i c l es was used an assamb l y

of t wen t y f our i den t i ca l doub l e pr opor t i ona l chamber s ( l ayou t of t he

exper i ment a l appar at us on t he r eac t or l i d pr esen t ed i n F1g 1)
/ 1/oper at i ng i n 1on i zat i on cur r en t mode . The cond i t i ons of à

det ec t or wor k (geomet r y , t he i nsenset i ve gas- f i l l ed gap , t he gas

7pr essur e ) was se l ec t ed such t o not det ec t t he i ons L i i n t he

r eac t i on and mean cos i ne of t he det ec t ed à- par t i c l es wi t h r espec t

t o t he t ar get p l ane was equa l «0 . 8 . Mi t h se l ec t i on of gas wor k

pr essur e mi x t ur e i t was poss i b l e no t t o det ec t à - par t i c l es f r om à
1

7à- decay i n t he f i r s t ex c i t ed s t a t e of t he daught er nuc l eus L i a l so .

10As à t ar ge t was used t he l ayer s of à amor phous Â of t he 50-
150 pg/ cm t h i ckness wi t h enr i chment «90% spr ayed on an a l umi n i um 2

f o i l of t he t h i ckness d = 20 pm. Thank s t o t he exper i men t a l
- Î - Â

g e o m e t r y c h o s e n i n w h i c h e ' , , k , k v e c t o r s a r e c o l l i n e a r à
n ' n ' à

suppr ess i on f ac t or of t he l ef t - r i gh t hand asymmet r y ( o' [ k k ] )
- 4 n a

was ach 1eved t o be not wor se t han 10 , wha t a l l owed t he ex c l us i on

of t he poss i b l e cont r i bu t i on of t h 1s asymmet r y i n t o t he ef f ec t t o à
- 8

l eve l of 10
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val ues f or t heThe measur ement s per f or med gave t he f ol l owi ng
l 2, 3/coef f i ci ent s of Ð- odd asymmet r y

Ñ0 È (3 4 + 6 7~ 10î ðè
~ ~ « Î - l i n e E 0 = 1 7 8 0 k e V

à Î

- 7
à = - ( 2 . 5 + 1 . 6 ) 1 0

1p N

t he

1. Vesna ×. Ë. et al . Pr epr i nt PNPI é 1694 , S. - Pet er sbur g , 1991.

2. Vesna ×. Ë. et al . Annot at i ons of t he pr oj ect s of exper i ment s

i n f i el d of t he f undament al par t i c l es phys i cs and nuc l ear sci ence

pr oposed i n 1991- 1995, S. - Pet er sbur g, 1991, ð . 92.

3. Vesna ×. Ë. et al . Pr oceedi ngs of 111 I nt er nat i onal Symposi um
on Weak and El ect r omagnet i c I nt er act i ons i n Nucl ei (WEI N'92 ) . Ed. by

Ò. D. Vy l ov , Wor l d Sci ent i f i c , ð. 419.

4. Vesna ×. À. et al . Pi sma ZhETF, v . 38, 1983, ð. 265.

5. Er makov Î . N. et al . i n book : Neut r on Physi cs Pr oceed. of t he
6. Conf er ence on Neut r on Physi cs , Ki ev , 1983, Ì . : CNI I -

a t om i nf or m, 1984, v . 3, ð. 403.
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Fi g. 1. Layout of exper i ment al appar at us on t he r eact or l i d . 1

t he l i d of t he r eact or , 2 — t abl e f or pr opor t 1onal chamber , 3
pol ar i z i ng neut r on gui de, 4 — r adi o- f r equency f l i pper , 6 — magnet i c
f i el d gui di ng t he neut r on spi n, 7 — pr opor t i onal chamber , 8 — Li F 6

neut r on absor ber . The cr oss sect i on "Ë" shows one chamber modul e.

1 — i s t he neut r on spi n, P> — i s t he neut r on moment um, Ð1 — i s t he

moment um of t he det ect ed al pha- par t i c l e. Ñ , Ñ — ar e t he out put s
f r om si gnal gr i ds of t he " f orwar d" s i gnal (U ) and t he "backwar d"

f
s i g n a l ( V ) . U 1 — t h e p o t e n t i a l s u p p l y t h e b l o c k g r i d a n d t h e

î , 1

t ar get , r espect i vel y .
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I nvest igat ion of Charged Part icles Emission R eact ion I nduced
by Fast N eut rons

Óè.Ì .Gledenov, G.Khuukhenkhuu, Yu.P.Popov
Frank Laboratory of Neutron Physi cs, JINR, Dubna

Bao Shanglian, Tang Guoyou, Ñàî Went ian, Qu Decheng
Peki ng Uni versi ty, Beij i ng, Chi na

Chen Zemin, Chen Y ingt ang, ô Huiquan
Tsi nghua Uni versi ty, Beij i ng, Chi na

Experiment s car r ied out on t he D+ D neut rons using the Van de Graaff accelerator
at t he Inst i tute of Heavy Ion Physics, Peking University, ÑÛ ï à. Charged par t icles
emit t ed in t he invest igated react ions were detected with à double-gr id, par al lel-plate,

twin ionizat ion chamber with à common cathode, which was manufactured at the Fr ank
Laboratory of Neut ron Physics, JINR. Argon mixed with 5% car bon-dioxide was ut i l ized

to fi l l t he chamber . T he fi r st sect ion of t he twin ionizat ion chamber cont ained studied
t arget . The second sect ion was empty and was used for background measurements.

T wo dimensional energy spect ra of signal s from the anode and cathode were ob-

t ained for emit t ed charged par t icles from neut ron induced react ions with t he help of
à measuring system based on t he IBM PC AT -386 computer . M easured angular dis-
t r ibut ions of à - par t icles emit t ed in t he ~Ca(n,à~)srÀã react ion at Å„ = 4 and 5M eV
are nearly symmet r ical wi th respect t o ä= 90' (F igs.1 and 2). T his fact shows that the
compound nucleus mechanism predominates in t he energy r ange Å„ = 4-5 M eV for the
double magic t arget nucleus 4~Ca. Cross sect ion of t he ~'Ca(n,à~)srÀã react ion at à neu-

t ron energy of 5 M eV was found to be u(n ,ns)= 234+ 23 mb. M easurements also carr ied
out on natural zink and ~~Eï at Å„ = 2.7 and 5 Ì å× . Alpha-peaks from the å~Åï (ï ,à )~~Èü

react ion were observed. A ddit ional ly Ñî those of the invest igated react ions there were
observed al pha-peaks from ~ Ar (n ,à ) ~ Á as à background.

References

1 . T a n g G u o y o u e t a l .C o m m u n i c a t i o n o f n u c l e a r d a t a p r o g r e ss , N o .8 , ð .7 - 1 5 ( 1 9 9 2 )
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Fig.1. T he angular dist r ibut ion of à - par t icles from the 4~Ñà(ï ,à~)~~Àã react ion at
Å„ = 4 Ì å× . T he solid ñø ÷å is only an eye-guide.

Fig.2. T he same as in Fig.1 at EÄ= 5 Ì å× .

2 6 6



I N T E R A C T I ON OF P OL A R I ZE D N E U T R O N S
W I T H À P OL A R I ZE D L A N T H A N U M T A R G E T

A N D ST R U CT U R E O F T H E N E U T R ON Ñ Í Î ÂÀ SE CT I ON
U P ÒÎ 20 å'Ê

'ÊÐ.A 1Bm enkov, Yu.D .M areev, V .V .N ovi t sky, L .Â .Pi keln er , V .R .Sk oy

Joi n t Ú ÿÛ è 1å for N ud ear R esear ch, D ubn a, R ussi a

Interest in the neut ron cross sect ion of lanthanum is connected with t he discovery
of a very st rong par ity nonconservat ion eff ect ø the p-wave resonance of ~~~Åà at 0.74

å× . T his st imulated à theoret ical search for the possibil i ty of à T -noninvariance test

in lanthanum. À pr incipal part of t he neut ron cross sect ion of L a at low energy is
connected wi th à negat ive resonance. I t infl uences the par ity violat ion in t he p-wave

resonance and must be studied in more detai l .
Al l of these circumstances have st imulated our measurement of t he tot al cross sect ion

in vicinit y of t he 0.74 eV resonance up Ñî 20 eV , an d our resear ch of t he polar izat ion
proper ty of L a in an experiment with polar ized neut rons and à polar ized L a t arget .

T he interact ion of polar ized neut rons wit h à polar ized L a t arget was measured on à
neut ron beam of the IBR-30 by use the POLYANA instal lat ion. Neut rons were polar ized

by t ransmission through à polar ized proton t arget , and polar izat ion of the met al l ic L a
sample was achieved by cooling i t t o about 0.1 Ê in à magnet ic fi eld of 1.5 Ò. T he
neut ron t ime-of-Right spect ra for two direct ions of neut ron polar izat ion were measured

and the dependence of t he t ransmission eff ect ,

1Vq — N

N ~ -~- N
= ~„ 1ÜÖä ï ï ð,~)

~

on neut ron energy in t he 0.5-20 eV interval was obtained. T he val ue of t he polar izat ion

cross sect ion oÄ,~, which was measured with polar ized neut rons and nuclei was found to
be in good agreement with t he result s of our t ot al cross sect ion measurement .

A ll data were descr ibed very well by the negat ive ~~~Üà resonance with t he ðàòû ï -
eters of Es — — — 28 eV, Ã„ = 60 m eV, Ã. = 50 m eV, J = 4, (òð,~ — — 5î . Spin of t he 3.0 eV
resonance of ~~~Üà was ident ifi ed as I + 1/ 2 = 11/ 2.
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ST U D Y O F ÒÍ Å D E P O L A R I Z A T I ON O F R E SON A N C E N E U T R ON S
I N A N E X P E R I M E N T ÒÎ SE A R CH FO R ÒÍ Å Ò-N ON I N V A R I A N CE

×Ð.AIBment ov, Óè.D.Mareev, × × .Novi tsky, L.Â.Pikelner, V.R.ß ñoó
Joi nt Tnsti tute for Nuclear Research, Dubna, Russi a

Ñ.R. Gould, D.G.Í aàså, # ß .Roberson
TU_#_ L, North Carolina, ÓßÀ

Experiments on the measurement of t he fi ve-fold cor relat ion for t ime reversal t est

have been discussed ø recent years. In t hese experiments t he t ransmission of polar ized
resonance neut rons through al igned nuclear t arget s must be measured. T he eff ect which
is under invest igat ion consists of â change ø the total neut ron cl oss çåñÑ|î ï of t he change

• W • •

of the sign of t he sg I x k](I .é) term . Í åãå s and I are the spins of t he neut ron and nucleus,

respect ively, and k is t he neut ron momentum. T he experiment is very compl icated
technically because the eff ect is very smal l and is easi ly masked by addit ional false
åããåñÔâ. A ll of t hem must be invest igated and taken into account .

One of these eff ects is the depolarizat ion of polar ized neut rons at their t ransmission
through â monocrystal sample with al igned nuclei . T he value of t he depolar izat ion
st rongly depend on the cryst al or ientat ion and neut ron energy.

Now an experiment t o invest igate this depolar izat ion is ready and preliminary re-

sul ts have been obt ained. Measurement with â Í î monocryst al was carr ied out at
t he POLYA NA instal lat ion on à neut ron beam of the IBR-30 system . À st rong angle

dependence of the depolarizat ion was observed. M easurement s were made for angles
between the c-axis and the direct ion of neut ron polar izat ion, from — ~ã/ 2 to + s / 2.

Sample temperatures were 4, 80 and 300 Ê . T he values of t he depolar izat ion at
helium temperature are very large and reach up factor 3-4. We intend to develop these

invest igat ions which âãå of addi t ional interest in t he study of t he magnet ic proper t ies
of mat ter .
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MULTI PLI CI TY OF GAMMA- RAYS I N NEUTRON RESONANCES
OF 176í ~ AND 179í ~

G.Ð.Geor g i ev , Yu .V.Gr 1gî r óåv , G.V.Mu r ad y a n , È.Â.Ya n ev a

Neut r on t i me- of - f l i gh t spect r oscopy measur ement s wer e made on

t he sampl es of Haf ni um i sot opes a t t he pu l sed neu t r on boost er I BR-

30 of t he Joi nt I nst i t u t e f or Nu clear Resear ch i n Dubna. À pr el im-

i nar y r esu l t s ar e pr esen t ed of an i nv est i gat i on of t he r adi at i v e
capt ur e of r esonance neut r ons by Hf and Hf i sot opes i n t he 176 179

r egi on of r esol v ed r esonances mak i ng use of t he met hod of mul t i p-

l i ci t y spect r omet r y . The choi ce of t he i ndi cat ed i sot opes f or st u -

di es was due t o t he dat a on t hei r spi ns and r adi at i on wi dt hs bei ng

i ncompl et e [1], The cr oss sect i on of r adi at i v e capt u r e by Haf ni u m

isot opes i n t he r egion of r esonance neu t r on ener gi es i s

i n t er est i ng f r om t he poi nt s of v i ew of under st anding

nucleosynt hesi s and of r eact or const r uct i on.
À mul t i sect i on 4ê- "Dai sy- t ype" sci n t i l l at i on det ect or

(Fi g.1) l ocat ed at t he 500- met r e- l ong t i me- of - f l i gh t base of t he

I BR- 30 pu l sed neu t r on boost er of t he JI NR Fl NP was u sed f or

measur ement s [2] . The det ect or consi st ed of 16 i ndependent

Na J(T1) cr yst al sect i ons wi t h à t ot al v ol ume of 36 l i t r es and
1 7 6 - 4

ä å î ò å 1 ã 1ñ å é é 1ñ 1å ï ñ ó o f 8 0 % . À h f t a r g e t 2 .8 8 x 1 0
179 - 4

nucl ei / bar n t h i ck and à Hf t ar get 2.14 x 10 nuclei / bar n t h i ck
í åãå used i n t he measur ement s. The neut r on t i me - of - f l i gh t and

t he coi nci dence mu l t i pl i ci t y of gamma- qu ant a wer e det er mi ned f or

each i nt er act i on ev ent . I n par al l el wi t h t he äàòò à- qu ant a f r om

r adi at i v e capt ur e i n t he t ar get , si ngl e 480 k eV öààâ à - quant a

pr oduced i n t he Û(ï , àó) r eact i on caused by neu t r ons scat t er edÛ

i n t he t ar get and occur r i ng i n t he t hi n Bohr conv er t er sur r oundi ng

i t wer e det ect ed. Thus, t he âàòå det ect or r egi st er ed ev ent s of

r adi at i v e capt ur e and of neut r on scat t er i ng i n t he t ar get

si mu l t aneousl y and i n i dent i cal condi t i on s.
The exper i ment al äàòòà — quant u m mu l t i pl i ci t y spect r um

P(k ) = S (k )Q S (k ) was obt ai ned , and t he mean gamma- quant u mir 3'
mul t pl i ci t y <k > = Q P(k ) det er mi ned. I t t u r ned ou t t o be t hat
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<k >=2.50 f o r t h e e v e n - e v e n Hf i s o t o p e , wh i l e i n t h e ñ à â å o f t h e 176

e v e n - o d d Hf i s o t o p e t h e <k > v a l u e s c o n c e n t r a t e d a b o u t t w o 179

p o i n t s : <k >=2.78 a n d <k >=2.91. T h u s , i n t h e r a n g e o f e n e r g i e s u p
+ +

t o 200 å × , 18 s p i n 4 r e s o n a n c e s a n d 19 s p i n 5 r e s o n a n c e s w e r e

â è ñ ñ å â â éè 11ó i d e n t i f 1å é f o ã Hf . T h e mu l t i p l i c i t y d i s t r i b u t i o n 179

P(v ) (F i g .2) f o r g a mma q u a n t a e mi t t e d b y t h e n u c l e u s w a s c o mp u t e d

f r o m t h e g a mma - q u a n t u m mu l t i p l i c i t y d i s t r i b u t i o n P (k ) o b s e r v e d

e x p e r i me n t a l l y f o r Hf . T h i s w a s d o n e ma k i n g u s e o f t h e g a mma - 179

c a s c a d e mo d e l , o f t h e t h e o r e t i c a l d e s c r i p t i o n o f t h e s t r e n g t h

f u n c t i o n a n d o f a v a i l a b l e d a t a o n t h e l o w e r e n e r g y l e v e l s o f t h e

c o mp o s i t e n u c l e u s . Mo n t e - Ca r l o s i mu l a t i o n w a s p e r f o r me d o f t h e

p r o p a g a t i o n o f ä à ï èï à - q u a n t a t h r o u g h t h e d e t e c t o r a n d t h e

s h i e l d i n g . Fo r d e t e r mi n i n g t h e p a r a me t e r s o f t h e r e s o n a n c e s à

p r o g r a m w a s wr i t t e n wh i c h ma d e p o s s i b l e c o mp u t a t i o n o f t h e

e x p e c t e d t i me - o f - f l i g h t r a d i a t i v e c a p t u r e a n d s c a t t e r i n g s p e c t r a

a n d f i t t i n g t h e m t o t h e r e s p e c t i v e me a s u r e d s p e c t r a b y v a r y i n g t h e

r e s o n a n c e p a r a me t e r s a n d f i t t i n g t h e p a r a me t e r s o f t h e n e u t r o n

s p e c t r o me t e r . T h e r a d i a t i o n w i d t h Ã w a s f i t t e d w i t h t h e à Û o f3'

t h e r a t i o o f t h e p a r t i a l a r e a s À a n d À u n d e r t h e r e s p e c t i v e3'

r e s o n a n c e p e a k s i n t h e r a d i a t i v e c a p t u r e a n d s c a t t e r i n g s p e c t r a ,

o f t h e k n o w n n e u t r o n w i d t h Ã [ 1] a n d o f t h e d i s t r i b u t i o n f u n c t i o n
ï

o b t a i n e d . I n t h e f i t , t h a t v a l u e o f Ã wa s d e t e r mi n e d f o r w h i c h
ir

t h e c o mp u t e d À / À r a t i o w a s i n a g r e e me n t w i t h i t s e x p e r i me n t a l3'

v a l u e .

Be s i d e s t h e l e v e l s i n d i c a t e d i n r e f . [1 ] , 17 n e w l e v e l s w e r e
o b s e r v e d f o r Hf i n t h e e n e r g y r a n g e u p t o 1500å × . T h e v a l u e s o f 176 .

D = 37 +/ - 7 e V a n d <Ã > = 45 +/ - 15 me V w e r e o b t a i n e d .Ó= 179
We o b t a i n e d <Ã > = 47+/ - á f o r Hf . T h e s t r e n g t h f u n c t i o n

3'

w a s c a l c u l a t e d , w i t h t h e a i d o f t h e s p i n s d e t e r mi n e d , i n
t h e r a n g e u p t o 200 å × : S = ( 1.8 ' 7 ).10 a n d +l .0 - 4

+1.2 - 4 é + 1f +S = ( 2.4 ' 0 8 ).10 f o r t h e J = 4 a n d J = 5 s e t

o f r e s o n a n c e s r e s p e c t i v e l y , me a n i n g t h a t t h e y a r e i d e n t i c a l

w i t h i n t h e e x p e r i me n t a l e r r o r s
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äààâà- quant a mul t i pl i ci t y of t he Hf (n,ó) r eact i on. 179

27 1



Sit uat i on i n St udy of E lect r ic Ðî 1àãè àÛ È ó an d
M ean Sq uar e C har ge R ad ius of t he N eut r on

Óè.À . Alexandr ov
Franir Laboratory of Neutr on Physi cs, Jl NR, 141980 D ubna,

M oscow Regi on , Russia

T he concept of neut ron elect ric polar izabili ty (NEP) was int roduced in 1955-56 in con-

nect ion with studies of neutron scat ter ing by the Coulomb ï å1åâ of nuclei . T he best
resul t for t he NEP coe8icient < 0.7 õ 10 sf rns was obt ained in Dubna-Garching
cooperat ion (t ime-of-fl ight and neutron resonance technique methods, lead-208 and
basmuth)~ ~ .

Concerning the j ob performed by Schmiedmayer et al . (cooperat ion V ienna-Oak
Ridge)s i t was shown that t his j ob should have given ä.äâå to doubt (mainly due to the

äï éääåääñå of small angle neut ron scat teri ng). I t was also shown that t he NEP coefBcient
determined in the neut ron t ransmit ion depend on the neut ron mean square charge äà-
dius (NM SCR) < r ~Ä > ~ , related to t he internal neut ron st ructure.

Recent ly, t he issue concerning the actual value of t he NM SCR, related to the
internal st ruct ure of the neut ron, (< r;Ä > ~ = /' ð(ã)ã~ñÐã" = 6(dF>/ dq~)äèàö , where

Ðä is t he Dirac form factor ) has been also under discussion. T he experiments can be
divided into two groups (âåå table): the resul t ss ~ < à„ , > = ( — 1.309~ 0.024) x 10 ~/ ø ,
which lead to< ã~„ > ó > 0 in cont radict ion with modern theory , àõèÐ'~'~ < à„ , > =
( — 1.577 ~ 0.034) õ 10 ~/ äåä to lead to < r ~Ä > ~v< 0 in confi rmat ion of modern theory.

I t is shown that t he most probable reason for t he discrepancy between the result s of
the Garching and Dubna determinat ion of t he aÄ, for bismuth is t he difFerence in the
method of account ing for t he infl uence of negat ive energy resonances on the measurable
à„ , . I t is also shown that int roduct ion into ñò„ , of energy independent inter -resonance

interference terms does not afFect t he resul t on aÄ, obt ained in Dubna.
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Authors,year M ethod M agnitude of
efFect , ï å11î 4

Recoil elect rons
in cloud chamber
Neut ron scat t er ing
on noble gases

< 1000

Ü ~ò/ à È 0.5% 100 ~= 1800

b , cr / o' = 1 .5 % 1.91 ~ 0.36

Ü 9 / 9 È 50% 1.39 ~ 0.13

Ð.D ee ,

1932

Å .F er m i ,

L .M ar sch al l ,

194 7

W .H av en s,

et al . ,
194 7- 5 1

D .H u gh es

et al .,
1952- 53

Ì . H am er m esh

et al . , 1952

Ì .C r o u ch

et al . , 1956

Å . M el k o n i an

et à1. , 1959

V .K r oh n ,

G .R i n go ,
1966- 73

L .K o est er

åÑ al . ,

19 70 - 88

Y u . A l ex an d r ov

et al . ,

1974 - 85

Y u . A l ex an d r ov

et al ., 1985 T o t al n eu t r on cr oss

sect i on an d a t om i c

çñàé åï ï ~ l en g t h

on b i sm u t h an d l ead

N eu t r on É Êãàñé î ï

on à t u n gst en - 186

si n g l e cr y st al

T o t al n eu t r on cr o ss

sec t i on on b i sm u t h

E o/ cr È 0.5% 1.5 ~ 0.4

Ü n / î 0 .5% 1.43 ~ 0.30

Total neut ron cross
sect ion on lead
and bismuth
Neut ron tot al
refl ect ion from
Î ð — Bi mir ror

Neut ron scat ter ing
on noble gases
Neut ron scat ter ing
on noble gases
Tot al neut ron cross
sect ion on bismuth
Neut ron scat ter ing
on noble gases

Ü ã/ cr = 1.5%

~

1.56 + 0.05'

Ü ñã/ cr È 0 .5 % 1.30 ~ 0.03 f 6 1

Ü <ò/ cr = 1 .2 % 1.32 ~ 0.04

~

b ,î / ÷ È 20%

~

1.60 ~ 0.05

Ü ~ò/ o' = 1 .2 % 1.55 ~ 0.11 [ 2 1

W it hou t cor rect ion for Schw inger scat t er i ng and reson an ce scat t er i ng ,
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O N Ò Í Å E L E C T R I C P O L A R I Z A B I L I T Y O F Ò Í Å N E U T R O N
Óè .À .A lex an d r ov >, L .K oest er " l , L Õ .M i t sy n a ' l , Ð.Ð ãî )ñî ï åë " ' >, G .S .Sam osv at ' >,

J .Òàø Üåã~ç' ' ~, W .W asd dcow sk i ' >

~ Joint Inst i t ute for Nuclear Research , Dubna, Russia
" ~ Technical University M uni ch , Garching, Germany

" ' ~ Nuclear Research Cent re, Salaspils, Latvia

Precise measurements of the tot al neut ron cross sect ions were performed for samples
of lead enriched up to 98, 83 92% by 208,207 and 206 isotopes accordingly. T he quasi-

monochromat ic neut rons were used with energies 1.26, 5.19 and 1970 eV which were
got on M unich Technical University FRM reactor Úó means of corresponding neutron
resonances [1]. T he obtained cross sect ions in barns are shown ø the t able.

1.26 eV
11.4388(31)
11.1510( 120)
10.7988(51)

5.19 å×
11.4718(35)

11.1320(130)
10.8270(70)

1970 å×
11.4635(26)
11.0520(120)
10.8030(60)

Sam p le

208

207

206

T wo 4|ï åãåçé methods developed in Garching and Dubna were used to ext ract the
neut ron polar izabili ty coef5cient à„ ; t hey both gave pract ical ly the same a Ä values. T he
total resul t s depends on accepted value of t he è — å scat ter ing length Ü„ , and looks as

0 3 ~ 0 5) . 10- ç f mç, i f î = ( 1 32 2 0 04) . 10- ~óò
1 3 ~ 0 5) 10 ç/ ò ~ i f î = ( — 1 59 + 0 04) 10 ç/ ò .é ~ =

So there is only one meaning resul t [2] a Ä = (1.20 2 0.15 + 0.20) 10 ~/ òï ~ by which
teoret ists are " sat isfyed" ,i t is possibly to confi rm that present result intensifies t he

problem of reliable experimental value of not only à „ , but î „ , too.

R e f e r e n c es

1.K o est er L . ,W asch k ow sk i W .,M ei er J .Z .P hy s. À ,1988 , v .32 9 , ð .22 9 .

2 .Sch m i ed m ay er J . ,R i eh s P . ,H ar v ey J .À .,,H i l l N .W . P h y s. R ev . L et t . , 199 1 , ÷ .66 , ð .10 15 .
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UCN Í 1äÛ Ýåï çé ó Pulse Source at t he BIGR Reactor (A rzamas- 16)
and Neut ron Li f et ime Exper iment .

À Ë7.St relkov , V.# Shvåtsî v
FLNP, JINR
À .Ï Æ î |ñà
Ï 'ÒÌ , P.Î . Âî õ MG52, Bucharest , Romania

Abst ract . The method of dynamic ult racold neut rons (UCN)
converter , using high fl ux pulse reactor BIGR (A rzamas- 16) is
proposed, Dif ferent types of conver ters have been compared
and est imations of maximal UCN density were obtained
(n~7x 10sn/ ñï è ). The possible experiment on neut ron li fetime
( g ) determinat ion is discussed (the accuracy 0.5+ f or g per

one reactor pulse can be achieved).

1. I n t r od u ct ion

Ult rac old neut rons (UCN) - neut rons with ext remely l ow energy

• 7õ107å÷ (V 5 m/ â)È They have an unique property of total
reflection f rom substance surface and so can be st ored in evacuated
material t raps for à long t ime. UCN are very useful for experiments on
studying of f undamental neut ron propert ies:neut ron li fet ime, elect ric
dipole moment an so on.

UCN can be produced f rom thermal neut rons for one impact . The
probabili ty of âèñÜ process is very ÿ ï à11( 10-11) and fl ux density of UCN

F -èî !â èñï

î !. + î . !ü
where F,Ä - fl ux density of t hermal neut rons , × „ - limit ing velocity
of the t rap walls (3-6)m/ s, ×,„ = 2200 m/ s - thermal neut ron's velocity ,
a~!, and î å! - inelastic cross-sect ions of cooling and heat ing, î -cap-

ture cross-sect ion .
The f irst experiments with UCN have been carried out w ith UCN

density « Sx 10-6 n/ cmç (~,~). In modern t imes the highest UCN

density is 102 n/ cm~ (41. The possibilit ies of signif icance increasing F,Ä

for stat ionary reactors are exhausted now , so f urther increasing of t he
UCN density may be done using pulse reactors only , where pulse fl ux
densit ies are many t imes larger than at stationary î ï åâ.

2. Dynamical convert er method
2.1 Constant density of the conver ter
UCN density inside the conver ter in nonstat ionary case described w ith
é é åãåï áà1 equation:
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— = F~ (t ) Åü- — dn(t ) - ' n (t ) (2), X> = N(t ) a ~,

c(t )
where n(t ) - UCN density , N(t ) - number of conver ter 's molecules in
ñï Ð, t (t ) - UCN lifet ime in conver ter : c(t ) ' = È (Ñ)× (à~~ + e , ) , × -UCN

velocity.
For the Gaussian form of thermal neut rons fl ux and BIGR

characterist ics (fluence 101~ n/ cms , s= l ms):
ã

F~ (t ) àñ exp( ) (3),2î ~
the equation (2) has been solved numerically. The values of n

maximal UCN density inside the converter - are: 1.8õ105 n/ ñï è for
polyethylene conver ter , 2.5x 105 n/ cm~ for Be and Qx 10~ n/ cm~ for

parahydrogen ones. I f N(t ) value stays constant , the UCN density
decreases for à short t ime due for à large value of losses cross-sect ions,
and it becomes dif f icult to reali ze the isolat ion of UCN f rom convert er .
Òî provide the fast isolat ion of UCN cloud f rom conver ter w ithout
ÿ ~ø éñàï Ñ decreasing of i t ' s density the method of dynamical

conver ters is proposed.

2.2 G aseous ex p an d in g con v er t er

Sharp fall of pressure in gaseous converter in à time of reactor pulse,
when thermal neut ron fl ux reaches it ' s maximal value, leads Ñî

decreasing of UCN losses. The calculation of n(t ) has been made using (2),
and the t ime of the expansion beginning coincides with the t ime of
maximal fl ux of thermal neutrons. Calculat ion shows that for real t imes
of gas expansion one can store UCN cloud some times longer then
without expansion.
UCN density «7x l 0~ n/ cm~ can be obtained with parahydrogen (30 at m.)

conver ter .

2.3 M ov i n g sol i d con v er t er

The fast removing of the converter after reactor pulse can be realized
also by mechanical movement of the converter . In t his ñàçå t he speed of
UCN, unmovable in à lab frame, relat ively conver ter w ill be × — the con-
verter speed and the losses cross-section will be reduced by factor 1/ V.

Dur ing t he passing of converter in à f ield of the thermal neut rons,
the veil of UCN is producing behind the converter . The UCN density
subordinates for dependency similar that described with (2). Calculat ions
for Be and polyethylene converters has been made to select the converter
for preliminary exper iment on method examinat ion. It was found that it ' s

possible to obtain UCN density up Ñî 105 n/ cm~ , using polyethylene

converter about 10 mm thick w ith velocity 50 m/ s. Be conver ter has Ñî
be about 100 mm thick at the çàì å speed and the value of density w ill
Üå =Çõ104 ï / ñï üÇ .
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3. P ossib l e ex per i m en t on n eu t r on l i f et i m e d et er m i n at ion

The cloud of UCN , pr oduced w it h expanding gaseous or m ov ing
conv er ter can be enclosed in à t rap , t ranspor ted out of r eact or hal l and
placed int o detector sy st em , including t her mal neut r on count er and
elect ron count er . The UCN densi ty in à t r ap w iH be:

t
n (t ) = ï , åõð ( — — — (ç~ + ç~, ) f y ( t )dt ' ) (4),

t ll Ô
w her e ò~„ , q Ä y (t ) - cer t ain param et er s, depending f rom neut ron

spect r a and t r ap pr oper t ies. T hen , count r at es f or neut r on and
elect r ondet ect or s w ill be consequent ly : J Ä = sÄq Äy (t )n (t ) and

1 n (t ) , w here sÄ and å - det ector 's ef f iciencies. T her ef ore,Þ ð — — a ~ @ Ä.

Ú ~

~

(5)
one can obt ain '.— — ~1ï (Ë )] = — 1 + É ã × , + × ~Ð >>,

dt~ ' ~ , „ . „ þ,
Equat ion (5) show s, t hat neut ron l i f et ime can be ex t r acted w it h l inear

J Äe x t r a p o l a t i o n o f e x p e r i m e n t a l d a t a d o w n t o z e r o v a l u e o f " . T h e

J p

mat hem at ical sim ulat ion of t he U CN behav ior in à t r ap has been car r ied
out to obt ain t he ev aluat ion of t he neut r on l i f et ime det er mi nat i on
àññø àñó. I t w as f ound , t hat accur acy = 0.5Ù can be achiev ed per one

pulse of t he r eactor .

4. Con cl usion

It ' s necessary Ñî emphasize t hat dynamical convert er method does not

increase the init ial UCN density in convert er . Init ial density determines
only by the thermal neutron f lux value and converter 's propert ies. This

method let us to ext ract UCN f rom signif icant ly large area of the conver -
ter than for stat ionary conver ter .

Òî understand the advantages of the new UCN source one can turn
to exist ing UCN sources and experiments. In experiment on neut ron
li fet ime measurements ~~1 (that has been made at the best af ter Grenoble
UCN source) the accuracy 0.3+ has been achieved. The number of
neut rons "used" " in experiment at 2.5 months of the "reactor " t ime were

10~ ,that is the same order of magnitude as in proposing experiment
for one pulse of BIGR reactor .

ÂåÃåãåï ñåç
[1] Golub R. and Pendlebury J. Ì . 1979 Rep.Frog.Phys. 42 439-501
[2] Shapiro F. å.à. 1969 JETP Let ters 9 40
[3] Steyerl À . 1969 Phys. Lett . 1969 29 33
[4] Steyerl À . å.à. 1986 Phys. Lett . À 116 347
[5] Alf imenkov '× P å.à. 1990 JETP Letters 52 984-989

2 7 7



À M O V I N G C O N V E R T E R A S À P O SSI B L E T O O L

F O R P R O D U C I N G U L T R A C O L D N E U T R O N S À Ò P U L SE D N E U T R O N

SO U R C E S

Óè.È.Ðî éî Û î ÷çÛ
Frank I aboratory of Neutron Physi cs,

Joi nt Insti tute for Nud ear Research, Dubna Russi a

À m et h o d f o r p r o d u ci n g u l t r aco l d n eu t r on s ( U C N ) a t àð åï î é ñ p u l sed n eu t r on

so u r ces i s p r o p osed . T h e m et h o d ex p l o i t s an U C N co n v er t er t h at m ov es f ast n ear à

p u l sed n eu t r o n so u r ce. T h e m o t i on of t h e con v er t er i s sy n ch r o n i zed w i t h t h e p u l se of

t h e n eu t r on so u r ce f o r t h e con v er t er Ñî cr oss t h e r eg i on o f m ax im u m n eu t r o n fl u x ex act l y

a t t h e m om en t of t h e p u l se . T h e U C N b o r n i n t h e co n v er t er d u r i n g t h e n eu t r on p u l se

f o r m à cl o u d i n t h e r egi on w h i ch t h e con v er t er h as o ccu p i ed d u r i n g t h e t i m e of t h e p u l se.

I m m ed i a t el y af t er t h e p u l se t h e U C N clo u d i s cau g h t i n à t r ap i n st an t an eou sl y (w i t h i n

â f ew m i l i seco n d s) m ov ed i n t o t h e r egi on n ow o ccu p i ed b y U C N . T h en t h e t r ap i s sl ow ly

m o v ed oK t o à r egi on a t som e d i st an ce f r o m t h e r eact o r f o r ca r r y i n g o u t ex p er i m en t s

w i t h t r ap p ed U C N .

E st i m a t es sh ow t h a t t h i s m et h o d , i f u sed w i t h p o w er f u l ap er i o d i c p u l sed r eact o r s
of t h e T R I G A o r B I G R t y p e a t à p u l se fl u en ce of 10 ' ~ n / cm ~, w ou l d a l l ow h av i n g an

U C N d en si t y o f 10 U C 1V/ cm s i n à v o l u m e o f 1 — 2 l i t er s . A t p r esen t F L N P an d t h e

I n st i t u t e f o r A p p l ied P h y si cs d o p r ep ar at o r y w or k f o r r eal i zat i o n of t h i s m et h o d at t h e

B I G R r eact o r ( À ãêàò àç- 16 ) .

1.Yu.N.Pokot i lovski , Nucl .Inst r . Meth., 1992, ÀÄ3À, 561.
2. Yu.N.Pokot i lovski , Pis'ma ZhT F, 1980, 6, 1300 (in Russian).
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ON E X P E R I M E N T A L V E R I F I CA T I O N O F ÒÍ Å
SK O B E LT SY N -B A L D I N

H Y P OT H E SI S O F E M I SSI ON O F À N ON ST A B L E PA RT I CL E
F O L L OW I N G ÒÍ Å D E CA Y O F ~|4Â

Óè.# Ðî éî Û î ÷çÛ , G.G. ÜÆÛ àò óçÜå÷
Joi nt Insti tute for Nuclear Research, D ubna, Russi a

I n t er p r et at i o n of D ar m st ad t efFect con si st i n g i n ob ser v at i on of n ar r ow p o si t r o n -

el ect r on p ai r s f o l l ow i n g co l l i si on of v er y h eav y þ ï â w i t h t h e en er g y n ear t h e C ou l o m b

b ar r i er h as b een à ser i o u s p r ob l em f o r ab ou t t en r ecen t y ea r s [1] .

N on e o f à f ew d o zen h y p o t h eses t h a t h av e b een ad v an ced ex p l a i n s t h e ob ser v ed
p h en om en a . À .Ì .B al d i n [2] assu m ed som e r el a t i on of t h i s efFect w i t h t h e ex p er i m en -

t al r esu l t s of Sk ob el t sy n [3] w h o , i n v est i g at in g t h e scat t er i n g o f p — ãàó ç w i t h à W i l son

ch am b er p l aced i n à m agn et i c fi el d , h ad ob ser v ed an om al ou sl y l ar ge p — r ay scat t er i n g

b y ~~~Â ã at l ar ge an gl es w h i ch ex ceed ed t h at ca l cu l at ed af t er t h e M o t t f o r m u l a b y à

f act o r of à f ew t en s. I n t h ese ex p er i m en t s h e al so ob ser v ed n u m er o u s ev en t s of i n el ast i c

p — scat t er i n g w i t h à con si d er ab l e (Úó sev er al t i m es) l o ss of en er gy . L at er Sk ob el t sy n [4]
i n t er p r et ed h i s ob ser vat i o n s as à b i r t h w i t h à p r ob ab i l i t y of 7 — 12 % f o l l ow i n g p - d ecay

an d à d ecay w h i l e fi y i n g of à p ar t i cl e w i t h à m ass of ab o u t 3 m , an d t h e l i f et i m e of
( 2 — 5 ) x 10 ~~ s ec . I n d ep en d en t cal cu l at i on s [5] i n t h e f r am e of à qu asi p o t en t i al ap -

p r o ach p er f o r m ed f o r à sy st em of t w o f er m i on s h a d y i el d ed à con cl u si o n ab ou t ex i st en ce

of à r i ch sp ect r u m of r el a t i v i st i c C ou l om b l ev el s. T h ese l ev el s m er ged i n con t i n u u m m u st

ex i st i n å+ å , (ðð ) , an d ( å å ) sy st em s, an d p r ob ab l y i n à n u m b er o f o t h er sy st em s

w h i ch al so i n cl u d e com p o sed n eu t r al p ar t i cl es . T h e cal cu l a t i on s of [5 ] f ou n d con fi r m a-

t i on i n [6] w h er e t h e J = Î , L = 1, S = 1 r eso n an ces i n t h e ( åå) sy st em w er e o b t ai n ed
Úó so l v i n g u n d er d i fFer en t ap p r ox i m at i on s t h r ee d i fFer en t r el at i v i st i c eq u at i on s f o l l ow -

i n g f r om qu an t u m el ect r o d y n am i cs. T h e h y p o t h esi s of [2 ] con si st s ø act u al i zat i on o f
Sk ob el t sy n ' s assu m p t i on [4] t h at t h e u n st ab l e p ar t i c l e o b ser ved i n ex p er i m en t s [3] i s à

qu asi cou p l ed com p l ex , ( å+ å å ) , w h i ch d ecay s i n t o an el ect r on an d à ó- qu a n t u m .

U n d er co n d i t i on s cl ose t o t h ose of Sk ob el t sy n ' s ex p er i m en t w e t est ed t h e p ossib i l i t y

f o r à ( å+ å å ) com p l ex , d ecay i n g i n t o an elect r on an d ó- qu an t u m , Ñî b e f o r m ed f o l l ow -

i n g t h e d ecay of ~~~Â ~. À ~~åÂ à sou r ce w as p osi t i on ed i n à v acu u m ch am b er . D ecay

ev en t s o f ( å+ å å ) h y p o t h et i cal p ar t i cl es w er e sou gh t f o r al on g à d ecay b ase b y m ea-

su r i n g el ect r o n sp ect r a i n co i n ci d en ce f r om an el ect r on an d à ó- d et ect o r . T o com p ar e

ex p er i m en t al d at a w i t h t h e t est ed h y p o t h esi s w e si m u l at ed n u m er i cal l y t h e ev en t s of

em i ssi on f r om t h e so u r ce an d d ecay of a h y p o t h et i cal p ar t i cl e i n t o an el ect r o n an d à

y - qu an t u m ov er t h e ñ àââ an d t h e l i f et i m e r an ge of t h e ( å+ å å ) com p l ex f r om 1 .5 Ñî

2 .0 M eV / c~, an d f r om 5 x 10 ~~ t o 10 s s , r esp ect i v el y . T h e l i m i t f o r t h e p r o b ab l i t y of

å+ å å com p l ex em i ssi on i s 10 ~ i n a cco r d an ce w i t h t h e h y p o t h esi s i n [1 ,3] 10 ~.

R ep or t s on t h e w or k h av e b een p u b l i sh ed i n J I N R Â àð Û C om m u n i ca t i o n s N o . 2 ( 53 ) -

92 , ð .29 , an d i n Ó àÉ Æ ã. 19 92 , 5 5 , 20 17 i n R u ssi an .
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M OSSB A U E R E F F E C T B A SE D E X P E R I M E N T S ÒÎ SE A R C H F OR
N EW L I G H T B O SO N S

Óè.È .Pokoti lovski
Joi nt I nsti t ute for Nuclear Resear ch, D ubna, Russi a

Feasibil i ty of an experiment on the basis of Mossbauer efFect t o sear ch for new l ight
bosons with t he mass less than à few Ñåï û keV is di scussed. T he idea consist s in using à
pulsed neut ron source for obt aining à large number of excit ed isomeric st ates after t he
capture of neut rons by nuclei :

n + (Z,þ ) ~ (z , y ~ ö " ~ (Z , _#_ + 1)" , (t he i som eri c st ate),

and à resonan ce detector cont aining the (2',N+ 1) nuclei .

In such exper iment à new l ight boson instead à ó-quant um could be emit ted wi th

a low probabili ty dur ing an isomer ic t ransit ion, and then absorbed in t he detector
excit ing the ini t ial isomeric state. Est imates show that with à T RI GA type reactor
and à detector wi th the volume of t ungsten-scint i l lator of 10 ! the sensi t ivi ty t o boson
emission of 10 ~~ would be achieved. For à pseudoscalar par t icle t hat value corresponds
to the level of sever al hundred Òå× in the scale of violat ion of Peccei-Quinn symmet ry

and is over two orders of magnitude higher t han the level achieved in t he most high
sensi t ivi ty accelerator-based experiments.

1. Yu.N.Pokot i lovski . Proc. of Ø Int . Symp. on Weak and Elect romagn. Int . in
Nuclei , Dubna, June, 1992, ð .878; T s. V ylov (Ed.), World Scient ifi c, Singapore,

1993.

Pis'ma Zh .Åõð.Òåî ãÆ | ., 1983, 37, 51 (In Russian); JET P2. Yu.N.Pokot i lovski ,
Let t , 1983, 37, 60,
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Áî ò å asp ect s of est im at ion of n ,å-am p l it ude

and neut r on p olar izab i l i t y

× .G.NQcolenko, À .Â .Popov
R ank Laboratory of Neutron Physi cs, JINR, Dubna

P b 1. T he physical importance of the à ,å-amplitude Ü„ , consist s in t he fact that i t

al lows determinaaion of t he neut ron mean square charge radius that is propor t ional to
(Ü„ , — àð ), where the Foldy term àð = — 1.468 mfm .

I t is impor tent t o note that , in spite of t he many year invest igat ion, t he problem of
Ü est imat ion has not been solved. A ll known precise resul ts fall into two groups: one
near — 1.55(5) mfm [1-3] and the other near — 1.32(4) mfm in the range cr i t ical for sign

assignment to the neut ron mean square charge radius .
So, t he obt ained in [2] value of bÄ, é Êåãâ from the est imates of refs [4,5] by nearly

10 errors and, as we have shown [6], t his is connected with difFerent mathemat ical
descr ipt ions of t he measured eff ect s. But the difFerence between the values — 1.49(5)
[1], — 1.55(2) [3] and — 1.31(4) [4,5] has not found any explanat ion up to now. And

âî , est imates of Ü„ , from [5] depend on the reliabil i ty and precision of the r ich set of
coherent ampl it ude Ü„ » values (for Bi ) obt ained in diff erent year s on the gravit at ional
spectrometer and (in the last t ime) on the interferometer and lie essent ial ly beyond
error limits. T hese Ü„ ð, lead Ñî the values of bÄ, from -1.32(3) to -1.43(3) .

ÁèòÜ uncer tainty evokes the necessi ty of analysis of the measurement and dat a pro-
cessing methods. Í åãå one more approach to n ,å-amplit ude est imat ion is proposed.
T he nuclear scat ter ing cross sect ion þ, (0) = 4~ãÂ'~(0) is calculated by ext rapolat ion

of known scat ter ing cross sect ions from the energy region of tens or hundreds å× to
Å =~ Î . T he values of Ü„ , are obtained from à comparison of o, (0) and 4m b y with
Ü„ ó, = Â ' (0) + Ü„ , Z . T he authors discuss also the discrepancy between the exist ing bÄ,

est imates and conclude that i t is yet impossible to rel iably determine the neut ron mean
square charge radius. T he obtained " nonmodel" est imates of Ü„ , agree nicely wit h the

resul ts [5].
Method

g , = const [5] — 1.30 ~ 0.06 — 1.32 ~ 0.04
À' = const [6] — 1.30 ~ 0.04 — 1.32 ~ 0.03

Ext rapolat ion cr, ~ 0 — 1.33 ~ 0.03 — 1.32 ~ 0.03

2. À reliable est imate of the neutron polar izabili ty (à „ ) depends on t he accuracy of
theoret ical descr ipt ion of the neutron- nucleus interact ion and the choice of correct ions

to be made in data processing. T he experimental dat a relat ive precision must be of
about 10 ~ and higher .

In refs.[7,8] t he nÄ value was est imated wi th the st at ist ical error Ü à „ î Å about 3
and 5 for Bi and Pb, respect ively. Schmiedmayer and col leagues [10] repor ted on the
new value for à „ = 1.20 2 0.15 2 0.20 that was obtained j ust by formal ext ract ion of à
propor t ional to É term (responsible for polar izability âñàÑÑåï ï ä cont r ibut ion) from the
energy dependence of cr, expansion into à power ser ies of the wave number k.

Òî pursue the aim of t he reliable est imat ion of a Ä one has Ñî cr i t ical ly examine
the analysis method and the diff erent factors that aKecC the accuracy of calculated à„
values. T he diffi cal ty of t he neut ron polarizabili ty coeffi t ient determinat ion is connected
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with the smallness of i t s cont ribut ion into cr, . So for à „ = 1 in 10 s fms , , by analogy
with measured proton polar izability ) t his cont r ibut ion makes from 10 â Ñî 10 ~ .

Our analysis of t he two methods of aÄ est imat ion and the descript ion we made of <ò,
by using the nuclear physical parameters have shown that the exactness of a Ä est imate
depends on var iat ions of t he resonance correct ions which are of about the same order of
10 â — 10 ~ . Âó using the neut ron scat ter ing cross sect ion dat a for Bi , ÐÚ and ~ Pb

from ãåÅâ [7,10] we invest igated st abili ty of the neut ron polar izabili ty a Ä est imate to
difFerent correct ions and dat a processing methods .

T he nÄ reest imated values [9,6] from data for Bi , Pb [7,8] and Pb [10] turn out
Ñî be sensit ive Ñî account of resonance cont r ibut ion uncer taincy and Ñî accepted values
of nuclear â- and p- scat ter ing radi i . T hat is why we conclude that t o t he exist ing à „
est imates (from Bi and Pb cross sect ions) not t he st at ist ical errors must be at t r ibuted,
but some 5-10 t imes higher uncer taint ies. I t is shown that t he result [10] should be

interpreted as à „ < 2.
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P r op er t ies of p- and û - m esons i n dense and hot nuclear m at t er
near t he cr i t i cal p ion m ode soft en ing

G.G. B unat ian~, , Â . K am pf er

Ðî òçñÜèï óýõåï 1òèòï Rossendorf e. V., I nst . f ti r Ê åò.ï ; end Hadronenphysik

0 -8051 Dresden, PF 19, Ñåòòè,àï .ó

A bt r act :
The propagators of p- and û-mesons in nuclear matter are analyzed. Due to the strong
coupling to pions in p~s , v r nz , ðð~ãë etc. vertices, the ð,û-meson properties depend
sensitively on the behaviour of the ð|î ø ñ mode. Relying on previous invest igat ions of the
pion propagator in nuclear matter , we elucidate the main festures of É å ð- and û-meson
behaviour in dense and hot nuclear matter in the asymptotic case near the crit ical pion
mode softening. We fi nd that under such condit ions the p-meson mode becomes stifFer ,
while the û -meson mode softens. The widths of both the ð, û -mesons increase âù ø áñàëé1ó
and become essentially greater than the ones of free mesons.

permanent address: JINR Dubna, Lab. Neutron Physics, Head Post OfI1ce, P.Î .Â. 79, 101000 Moscow,
Russia

àÉâî : Inst . Theor . Phys. (KAI å.× .) , Tech. Univ. Dresden, Mommsenstr . 13, 0 -8027 Dresden, Germany
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Q uasi-par t icl e d escr ip t ion of à st r ongly int er act i ng p ion gas

G. G. B unat is n~, , Â . K am pf er

Forschungszentr um Rossendorf e. V., I nst . f ur K ern- und E adronenphysi k

0 -8051 Dresden> PF 19, Germany

A bt r act :

The pions system at nonzero temperature Ò, ò Ò N ò , , M ~ , is studied , the pion-

pion interact ion being descr ibed by underlying Weinberg Lagrangian . In t he framework

of Har tree approximat ion , t he pion self-energy par t and propagator are obt ained. T he

modificat ion of t he pion spect rum proves consist ing in the replacement of t he free pion

mass ò » by t he eff ect ive one ò (Ò), depending on temperature and increasing with the

temper ature growth . T he calculated thermodynamical quant it ies (t he density of pion

excit at ions, energy, ent ropy an d pressure) of consider ing system come out t o be smal ler

than î ï åÿ of the free pions system .

~permanent àñÛãåì : JINR Dubna, ÜàÜ. Neutron Physics, Head Post OfBce, P.Î .Â. 79, 101000 Moscow,

Russia

also: Inst . Theor . Phys. (KAI e.V .), Tech. Univ. Dresden, Mommsenstr . 13, 0 8027 Dresden, Germany
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Q u an t u m P h en om en a at Fast M o d u l at ion

of à N eu t r on W av e

D .Þ .A m andzolova, À Ë Æ àâ3ñ, V .G .N osov f

f Inst i t ute of General and Nuclear Physics RRC " K urchatov Inst i t ute" , M oscow

In à number of papers quantum phenomena are considered that are related to à
fast, per iodic in8uence exerted on à neut ron beam . Periodical chopping of neut ron
beam is t he simplest ñàçå. The following wave funct ion is found in [1],[2] for à per iodic
chop ýåã:

î î ~÷(éà~- ~,~4
ô (õ, t ) = - å'~~ '~+ — ~~ , É = 2õ( Ò, (>)

ö ~ ~) = ) ñ ã~'-™ '~
ï = - î î

~

û „ = ø + ï À , (2)

where Ñ„ àãå the Fourier coeffi cients of the modulat ion funct ion f (t ) .
I t was found in [2],[4] t hat the Ôãàï çï èé åé wave exhibit s à st ructure character ist ic

of space beats wi th à large-scale per iod of L = (uT )~/ õ Ë.

In the ñàçå of phase modulat ion i t is possible to reconst ruct t he init ial monoener-

get ic st ate wi th t he aid of à second modulator . Í åãå modulators act l ike à coherent
spl i t ter and combiner of neut ron waves. T he possibil i ty is considered of creat ing à
neut ron interferometer wi th beam s coinciding in space and based on this idea.

~

where û , = û + é (2ç — 1), lñ, = é [1 + (2s — 1) ó] ~ , 7 = É / û W 1. T hus, t he st ate in

the çåï è-space to t he r ight represents à non-stat ionary superposi t ion of waves, each

of which has an energy h eÄ and à cor responding wave number kÄ.
Òî obtain à st ate wi th à discrete energy spect rum it is not necessary to chop the

neutron beam simul taneously over the whole of i t s cross sect ion. Per iodic chopping
at each point of t he beam cross sect ion, even changing the moment of chopping from
point to point , wi l l do the j ob quit e well . In t his way we ñî ò å to t he problem of the
mot ion of a per iodic st ructure, à grat ing, across à beam [2] ,[3].

T he êà÷å funct ion of t he difracted neutron in t he laboratory reference system is
found by subsequent applicat ion of t he Gal i lean t ransformat ion to t he neut ron wave
funct ion in à moving reference system connected with t he grat ing. In t he l imi t , when
the grat ing has à high velocity and it s period, one readily ar r ives at t he formula (1),
given above. In t he same way was à solut ion found, also, for t he phase gr at ing.

I t has been shown in [5],[4] t hat the problem can be solved wi thout invoking the
precise solut ion of t he Schrodinger equat ion with t he corresponding t ime-dependent
potent ial . If t he act ion of some device located at õ = 0 being à per iodic var iat ion of

the ampl it ude or phase of t he ini t ial plane wave then as was obtained for z ) 0:



The above argument s make it easy Ñî obt ain à solut ion of t he problem for neu-

t rons ãåéåñÑåé from an osci l lat ing (magnet ic, for example) potent ial barr ier . In t he
st at ionary ñàâå, t he ampl it ude r of the wave refl ected from à potent ial U is given
by the usual solut ion of the st at ionary Schrodinger equat ion. In t he case of à t ime-

dependent potent ial the amplit ude ã(t ) is also readily found by formal subst i t ut ion
of t he quant ity U(t ) into t he corresponding expression for t he amplit ude. T he st ate
char acter izing the refl ected wave is à superposit ion of coherent waves, t he amplit udes
of which are the Fourier coeK cient s of t he funct ion r (t ) . Consequent ly, refl ected
waves corresponding to var ious satel li tes wil l exhibit difFerent refl ect ion angles and
energies. T he pict ure that ar ises can be i l lust rated by F ig.1.

Figure 1: Quant um re8ect ion

I t was est imated, t hat angular dist r ibut ion of refl ected waves may be quit e wit hin
the range of resolut ions exhibited by ordinary refl ectormeters.

À number of experiments is proposed and now in à preparat ion for t est ing the

theory.
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I N T E R A CT I ON OF W AV E S A N D PA RT I CL E S W I T H L AY E R ED M ED I A
(àÈ m ed ia can b e consider ed t o b e l ayer ed )

V.Ê .l gnatovi ch
Joint I nsti tute f or Nuclear Research, Dubna, Russia

T h e r esu l t s p r esen t ed h er e ar e r el at ed Ñî t w o t op i cs: 1) i n t er act ion of p ar t i cl es w i t h à

p er i od i c p o t en t i al àï é 2 ) à m od el of t h e b al l l i gh t n i n g .

P e r i o d i c p o t e n t i a l
U su al l y Ñî sol v e on e-d i m en si on al Sh r od i n ger equ at i on w i t h an ar b i t r ar y p ot en t i al è

m ean s Ñî fi n d t h e r e8 ect ion an d t r an sm i ssi on am p l i t u d es. I t i s sh ow n i n [1, 2] , t h at t h e

p hy si cal p r ob l em i s n o t ch an ged i f t h e p ot en t i al i s sp l i t by an i n fi n i t esi m al gap i n t w o

p ar t s at an y p oi n t . B u t t h e r e8 ect ion Â 12 an d t r an sm i ssi on Ò12 am p l i t u d es of t h e w h ol e

p ot en t i al ar e n ow r ep r esen t ed t h r ou gh t h e am p l i t u des of i t s p ar t s:

Â 12 = Â 1 +
1 2 T ~1™Ò12 = ( l i

R l ~ 2

T h e e q u a t i o n s ( 1 ) a r e v e r y u se f u l w h en w e c o n si d e r çå ï è i n f i n i t e p e r i o d i c p o t en t i a l . Í åãå

w e c a n c u t o f f o n e p e r i o d f r o m r em a i n i n g p a r t ( f i g . 1 ) ,

~

1 = 0

fi g .1

and if the refl ect ion, r , and t ransmission, t , of à single per iod are known, t hen the refl ect ion
Â of the whole potent ial is represented by the solut ion of the algebraic equat ion:

ß ~ = r + t R ( 1 — r R ) ' t , (2 )

For à scalar wave propagat ion the solut ion of (2) i s

) ( 1 + ã) 2 — t 2 — ( l — r ) 2 — ] 2
R ( 3 )

w h i ch con t ai n s àl l t h e f eat u r es r el at ed t o t h e B r agg st r u ct u r e of t h e r e8 ect i on sp ect r u m .

I t i s n o t d i fBcu l t Ñî ob t ai n a l so t h e B l och p h ase f act or

/ ( 1 ~- ! )2 — ã' — / ( 1 — ! ) ' — ã'
ex p ( i q l ) = / ( 1 + ! ) ~ r s 1. ( I — ~) ~ — ã~ '

w h er e ! i s t h e l en gt h of t h e p er io d an d q i s t h e B l o ch w av e n u m b er .

Òî get t h e r e8 ect i on an d t r an sm i ssi on am p l i t u d es fo r à p er i o d i c p ot en t i al w i t h à f i n i t e

nu m b er of p er i o d s i t i s n ecessar y t o n o t e t h at t h e p o t en t i a l w i t h à p er io d ! i s p er i o d i c

al so w i t h t h e p er i od L = n l . T h e r esu l t i s

(4 )



The equat ion (1) is applicable also to vector fi elds of any dimension. T his gives à way
for generalizat ion to 3-dimensional space. In par t i cular , i t is possible t o get à new method
for the dynamical difFract ion of waves on three-dimensional single cryst als [1] .

The same approach is applicable to any l inear equat ion of mathemat ical physics of
second order (âåå, for example, [3, 4]) .
T he bal l l i ght n ing

The model for bal l l ightning was const ructed during considerat ion of ult racold neut rons
interact ion with mat ter . This interact ion is described Úó the potent ial è() — — 43'Np6 where

Np is atomic densi ty and 6 ) 0 is coherent scat ter ing amplit ude. If Ü ( 0 t he pot ent ial
is at t ract ive. So the subst ance is represented Úó à potent ial well , where bound levels for

neut rons are ðî çÿ Û å.
I t is import ant Ñî not ice that not only t he well holds the part icle, but t he part i cle also

holds the wel l , | .å. i t compresses the subst ance as is i llust rated in fi g. 2.

~~~~

The compression force can be very import ant in neut ron st ars. But t he most interest -
ing is to consider an analogy with y-quant a. They are Âî çå part icles, can be accumulated
on à single level in any number and their compression force can be arbit rary high.

This leads t o à model of t he ball lightning [5] . I t can be visual izer as à shock wave
of à point explosion in an excit ed gas wi th à laser discharge at i t s front . The discharge
photons with t heir electrost r ict ive force may stop the shock wave. So the Úà11 l ightning
is à frozen spherical t hin skin fi l led with à great number of photons.
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ÐÊ Î Ì 1ÁÏ × Ñ2 A N D CR U CI A L E X A M P L E S

OF C L U ST E R R A D I OA C T I V I T Y P R OC E SSE S

S.G.Ê âñéï åëç1ñó
Voronezh State Üï ï ~åãçéó, Russi a

W.I .Furman
& ank Laborator y of Neutron Physi cs, JINR, D ubna

Óè.Ì . Tchuvi l sky
M oscow State Uni versi ty

T he general problems of the cluster radioact ivi ty study : an ad iabat ic or nonadiabat ic
char acter of t he process, i t s connect ion with fi ssion and à -decay, even-odd effect s, t he

fi ne st ructure, heavy and light cluster ñ àââ limi ts et c., are discussed. Special at t ent ion
is paid to t he experiments, that might help fi nding an opt imal t heoret ical approach to
the descr ipt ion of t he above char acterist ics of the process. T he wide-scale search for

the new examples of âèñÜ exper iments was car r ied out using our t heoret ical scheme[1].
Not many cases of cluster decay in the t radi t ional À ) 208 parent nucleus mass region
are the prospect ive obj ect s of à crucial experiment . M ost of t hem are presented in t he

table.

— log( l ' / Ã

> 12.7
13.2
13.7
12.2

12.4
12.8
14.2
15.2
13.3
12.5
13.8
14.4
15.5

15.4
14.7
14.9

N o . 1î ä(Ò~~~, (çåñ)
D e c a y

220Ä

221Ä 13 g

221~ ' 1,
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224 4 14 ä

224ó ] 14 ä
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ããâó ~1 +1â g

230 ~ ~22 ) ð ' â

ó~ ì ó,
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' ç â Ó - ô 3 0 Ì ä
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240 ~ 7ä ç ã ~ .
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Note

l o n g - l i v e d ( 11)

1 . a n d o t h e r c l u s t e r s 2 . 11

11

11

1 7
ã .

11

Even the l isted above cases are diffi cult to be measured. To achieve the goal i t is
necessary to measure the cluster decay of à short - (No. 2-5), à very shor t - (No. 1,6),
and à long-lived (No. 10-13) isotope. Somet imes (No. 5,15) , t he p-decay infl uence is

st rong. In some cases i t is diffi cul t Ñî have the parent nucleus obtained. T hus one may
hope to have data measured for à few cases only. T he most interest ing of t hem are Nos.
1, 2, 8, 9-14 — where the new clusters are emi t ted, including the l ightest (1, 2) and the
heaviest (16) ones, as well as (5, 15), t he cases of t he decay of odd-odd nuclei .
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I n sp i t e of t h e d i ffi cu l t y of p er fo r m i n g m easu r em en t s w i t h o t h er p ar en t n u cl ei som e

of t h em ar e w or t h t h e eff o r t o f ex p er im en t al i st s. E v en ob t a i n i n g o f t h e u p p er l i m i t o f
t h e b r an ch i n g r at i o f o r t h e em i ssi on of à v er y l i gh t c l u st er ~Â å( — 1î ä ( Ã ' ~" / Ã ) = 14 .3 )

f r om ~~çÂ à , o r à v er y h eav y cl u st er ç~ß à f r om ~~~Ð è ( 17 .6 ) ,~~~ A m ( 19 .2 ) ,~~~ C r n ( 18 .7 ) an d

à su p er h eav y cl u st er ~çÑ à f r om ~~çÑ / ( 30 i n acco r d an ce w i t h o u r est i m a t i on s) w i l l

g i v e som e i n d i cat i on s of t h e cl u st er m ass d ep en d en ce of t h e b r an ch i n g r at i o s an d w i l l

b e an ad d i t io n al t est o f t h e k n ow n t h eor et i cal ap p r o ach es.

D u e Ñî t h e d i ffi cu l t y of r eal m easu r em en t s i n t h e d i scu ssed m ass ar ea , i t i s u sef u l Ñî

l o ok f o r n ew r eg i on s of cl u st er r ad i o act i v i t y . T h e o n e , fi r st i n d i ca t ed i n [2] , w as con fi r m ed

b y î ø ap p r o ach . T h i s r eg io n i n cl u des t h e p r o cesses w i t h t h e d au g h t er n u cl ei , cl o se Ñî
~~~ß ï , an d r el a t i v el y l i gh t cl u st er s ~~Ñ ,~ç 0 , et c . T h e fo l d i n g p r o ced u r e of t h e cl u st er -

n u cl eu s p o t en t i al eval u a t i on w as u sed . T h e i n i t i al p o t en t i a l w as t h e sam e àâ w e u sed

f or t h e À ) 208 r eg i on [Ö .

T h e ob t ai n ed r esu l t s ar e st r on gl y d i fFer en t f r om t h o se fo r t h e À ) 208 r eg i on .
F or ex am p l e , i n t h e ñàçå of t h e ~~~Â à - +~~ Ñ + ~~~ S n d ecay t h e b r an ch i n g r at i o i s

! î ä ( Ã / Ã ) = — 0 .4 . T h e h al f - l i f e of t h e ~~Ñ -d ecay , Òä~~ — — 6 x 10 s ec , an d t h e r at i o ,

( Ã / Ã „ , ) ò 10 ~, m ak e t h i s d ecay ob ser v ab l e . T h e ch ar act er i st i cs of an o t h er ex am p l e ,
è âÑ å — +~â Î + ~î ã Á ï , ! î ä ( Ã , ./ Ã ) = + 3 .7 , Òö ~ = 8 .8 x 10~, ( Ã / Ã „ , ) ò 10 - ç , 10 - ~, ar e

as go o d as p r ev i o u s on es. O t h er v ar i an t s of cl u st er d ecay i n t h i s r eg i on d o n o t h av e

su ch go o d ch ar act er i st i cs b u t m ay b e p r ef er r ed as g i v i n g t h e p o ssi b i l i t y of o b t a in i n g t h e

p ar en t n u cl eu s.
I t i s i n t er est i n g t o n o t e t h a t o t h er t h eo r et i cal ap p r o a ch es [3 ,4 ] g i v e t h e w i d t h val u es

f o r t h e em i ssi on of t h e ~~C an d ~ç0 clu st er s m an y ( r esp ect i v el y 4 — 8 an d 8 —: 12 )

o r der s of m ag n i t u d e l ow er t h an ou r cal cu l at i o n d oes. So , f u r t h er ex p er i m en t s sh ou l d b e

p er f o r m ed Ñî t est d i fFer en t t h eo r et i ca l ap p r oach es .
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