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It is well known that neutron precession in the transversal magnetic f ield, Â, may be
described as the manifestation of the phase dif ference between two components of à spinor
äà÷å function
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where ð,, Â and Å are neutron magnetic moment, magnetic induction and neutron energy
respectively, à |, is the Larmor frequency and v is the neutron velocity. Since two components of
the spinor differ by k-numbers, the result of neutron interaction with matter is as à rule not equal

phase variation of the two waves. The appearance of the extra precession angle may also be
interpreted as à change of the neutron travel time, At, caused by the sample presence, since
Ä~ = ~Ôá . In the simplest ñàçå of the neutron passing through the sample with thickness d

Ã
and the neutron refractive index n, it is easy to obtain
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These consideration were presented in references [ 1] regarding to the problem of the phase
contrast in neutron optics. In ref . [2] the more general case of the interaction potential was
discussed. In recent works [3,4] the first experimental attempts of the observation of the extra
precession angle using spin-echo technique were made.

We aimed to demonstrate with better accuracy the appearances of the additional phase
precession angle when neutrons pass through the refractive sample. The experiment was done at
the IN I 5 spin-echo spectrometer [5] of the Institute Laue-Langevin, Grenoble, France. The

sample was instal led inside the second precession coil of the instrument which was used together
with à multi-layer monocromator. We could measure precession phases for two beams of which
only one passed through the sample as it shown at the fig.1.
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F i g .2 . M easu r ed a n d ca l c u l a t ed p h ase p r ecessi o n d i f f er en ce b etw een t w o b ea m s.

The obtained results for the 19,6À neutrons are in an excellent agreement with theory. Similar
results were obtained also with 15.5À neutrons for the Be and Si samples.
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ÒÍ Å T ECH N I QU E FOR SI M U LTA N EOU S EST I M AT I ON OF ÒÍ Å LEV EL
D EN SI T Y A N D R A D I AT I V E ST REN GT H FU N CT I ON S OF D I P OLE

T R A N SI T I ON S ÀÒ Å, < Â„ — 0.5 M eV

V .À . K hi t rov , À .Ì .Sukhovoj , ÅÕ Õ àè 11å÷à

FL NP, JINR

Up t o now the det ailed and reliable informat ion on the level densi ty in à given J ~

interval and mean probabil ity of populat ing/ depopulat ing t hem y-t ransit ions in heavy

(À ) 100) non-spherical nuclei is very pure. T hese paramet ers cannot be determined by
means of t radit ional met hods of nuclear spect roscopy from t he measured spect ra of ó-ãàóâ

from (ï ~ð„ ó) react ion (or from other react ions) due to insuK cient resolut ion of Ge det ectors.
T he si t uat ion changed after obt aining à numerous dat a on the int ensity dist r ibut ions of
t he two-st ep cascades proceeding between t he compound st at e and à given low-lying level .
T he dat a t reatment softwar e which al lows one to der ive or iginal informat ion from ó — ó

coincidences accumulat ed in this experiment was developed at FL NP JINR [1,2] .
Using the algor i thms [3,4] for analysis of ó — y coincidences regist ered by or dinary Ge

det ectors one can determine intensi ty dist r ibut ion of cascades as à funct ion of t he exci t at ion
energy of cascade intermediate levels in t he al l energy region almost up t o Å , B Ä wit h
an accept able error which decreases as increasing an AH.ciency of y-spect rometer . T he

measured intensi ty Ã of cascades is related t o the unknown number of intermediat e levels
ï ë; — — ð x Ü Å and unknown widths of pr imary and secondary t r ansit ions by the relat ion

ã„ ã;, Ãë; ã;,ï ë;—
ë

Ï ë~
< Ã;ó > ò ;ó

T h e o p t i m a l w i d t h o f i n t e r v a l 0 Å a n d n u m b er N o f su ch i n t e r v a l s i n e q . ( 1 ) a r e d e t e r -

m i n ed b y st a t i st i c s o f ex p er i m e n t al d a t a ( a s sq u ar e o f d e t ec t o r effi c i e n c y ) . À w i d t h o f Ü Å

d o es n o t ex c ee d 0 .5 M eV e v en i n t h e ñ àçå o f 10 % effi c i en cy d e t e c t o r , h o w e v e r . T h e t o t a l

r a d i a t i v e w i d t h s Ã ~ o f t h e c a p t u r i n g st a t es a r e a l so k n o w n f r o m c o r r e sp o n d i n g ex p e r i m en t s

f o r a l l st a b l e n u c l e i . T h e p a r a m et er s ( Ã ~; ) a n d m ~; o f t h e c a sc a d e y- d e c a y w h i ch m u st

b e f o u n d i n a n a l y si s a r e r e l a t ed w i t h t h e t o t al w i d t h

I t is clear that N + 1 equat ions (1) and (2) t oget her wi th 6N condit ions ð(~ã = + ) > Î ,
ð(7ã = — ) > Î , Ã(Å 1) > Î , an d Ã(Ì 1) > Î rest r ict the int erval of possible values for level

densi ty and radiat ive widths. T his interval can be est imated wi th the use of two simple

enough assumpt ions:
(à) energy dependence of level densi ty wi t h diff erent J is determined by known and,

in pr inciple, equal for diff erent models funct ion ;
(b) energy dependence (but not t he absolute value) of widt hs of pr imary and secondary

t ransit ions is t he same.
À large enough value of Õ , nonlinear it y of eqs.(1) and (2) st ipulate à choice of t he way

Ñî solve the system of equat ions and inequal i t ies — the M ont e Car lo method. T he simplest

i terat ive al gor it hm was used for t his aim : we set some ini t ial val ues for Ã(Å 1), Ã(Ì 1) ,
and p and then distor t t hem by means of random funct ions.
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F ig . 1 . T he ex am p les of t he p and R SF s in t er m ed iat e values an d cor r espon ding di st r ib u-
t ions of cascade in t en si t ies for t he ~~4Ð ó even-even an d ~~~À è odd-odd nuclei . L et t er s nex t

t o t he l i nes m ean num ber of i t er at ion s. D ashed cur ves r epresent p redi ct ions of t he level

den si t y m odel s [5,6] an d st r engt h funct ion m odel s [7,8] . H i st ogr am s show exper im ent al

cascade i nt en si ty .
I f at t h i s st ep of i t er at ive pr ocedur e t hese di st or t ions decr ease t he par am et er s A > ——

(Ó' ~" — I " ' )~ an d Ü ð — — (Ã> " — Ã~,' ~) t hen t hese di st or t ed values ar e u sed as in i t i al p a-

r am et er s for t he nex t i t er at ion . A n agr eem ent between t he ex p er im ent al an d cal cu l at ed
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cascade intensi t ies and tot al radiat ive widths, respect ively, is usual ly achieved aft er several
thousands of i t erat ions. A s à result we get two random ensembles for level densi t ies and
par t ial widt hs for each of N energy int erval s.

T he numerous repet it ion of i terat ive cal culat ion wit h diff erent init ial parameters (ø
eluding obviously unreal values of Ã and ð) for 30 nuclei from the mass region 114 <
À < 200 showed t hat t his al gor i thm gives r ather nar row interval s of values for t he sum
level densi ty of both par i t ies and sum par t ial widt hs of E 1 and M l t ransit ions. T hese
dat a al low est imat ion of the sum r adiat ive st rength funct ions for E l and Ì 1 t r ansit ions
using the fol lowing relat ion :

y = r Ä / ( z ,Å ' õ À ~~~ õ Õ) ~)
( 3 )

T he examples of intermediate result s obt ained wi thin it er aive procedure for two nuclei are
shown in Fig. 1. Analysis of t he obt ained result s shows that t hey should be considered as
probable enough est imat ions of level densit ies excit ed by dipole pr imary t r ansi t ions after
t hermal neut ron capture and r adiat ive st rengt h funct ions of t hese t r ansi t ions. I t should
be not ed here t hat ï î model ideas are required in t his t echnique. Of course, t he use of
the rel iable informat ion on the nucleus under study decreases uncer t aint ies of t he analysis.
T here can be the dat a on energies and types of decay of known low-lying levels, mean
spacings between neut ron resonances, and rat io between par t ial widt hs of high-energy

pr imar y E l and Ì 1 t ransi t ions (al t hough infl uence of two last ðàãàëï å1åãç i s very week).
T he most cr i t ical point of t he descr ibed t echnique is an assumpt ion about equal energy

dependence for st rength funct ions of pr imary and secondary t ransi t ions. However , the
assumpt ion can be checked exper imental ly. T his requires to measure in exper iment and
reproduce in calculat ion t he intensi t ies of two-step cascades for t he maximum wide energy

interval of t heir fi nal level . Cor responding exper iment can be real ized using mul t idet ector
compton-suppressed spect romet er .
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V .À . K hi t rov , À .Ì .Sukhovoj , Å Õ Õ àÿ 11å÷à
FL NP, JINR

T he cascades of two successive y-t ransit ions in group of nuclei from the mass region

114 < À < 200 were studied in t he framework of t he program of studying nuclei wi th
high densi ty at FLNP JINR. Some par t of the data was obt ained in Riga and Rez. T he
observed cascades proceed between the compound st ate which is exci t ed after t hermal
neut ron capt ure and à group of low-lying levels. Select ion of such cascades from à mass of
ó — .~ coincidences and their analysis provided or iginal informat ion on nuclear proper t ies

in t he excit at ion energy range where spacings between the levels are many t imes less t han
energy resolut ion of t he used spect rometer .

Intensi ty of such cascades int egrated over some interval of their intermediate levels
depends on par t ial widt hs of cascade y-t ransit ions and number of nuclear st ates wi th

0 < Å, < Â „ . À comparison between t he experiment al and model calculated cascade
intensi t ies shows [1] t hat t heoret ical not ions of peculiar i t ies of nuclear mat ter below Â „
should be considerably modifi ed . Energy dependences of level densi ty wi th à given / and
par t ial widt hs of cascade y -t ransit ions are the very sui t able dat a for à compar ison wit h the

theory. T he method [2,3] is developed to select t he cor responding dat a from t he cascade
intensi ty dist r ibut ions [4] buil t in funct ion of the energy of t he cascade intermediate levels.
T he result s were obt ained for more than 30 nuclei from the ment ioned mass region .

T he used dat a t reatment software [2,3] al lows one t o get reliable informat ion on the
sum level densi ty ð(~ã = — ) + p(mã = + ) exci ted by E l and M l primary t ransi t ions and
sum of their radiat ive st rength funct ions f (E 1) + f (M 1). Uncer taint ies of ð( ò = — ) and
p(mã. = + ) as well as f (E 1) and f (M 1) separ ately are not iceably larger than those for

corresponding sum values. I t should Úå not ed t hat t he t echnique l2,3] does not use model
ideas of process under st udy (except t he shape of spin dependence of level densi ty ) and
is ÷åòó sensit ive to minimum density of exci t ed st at es. T here are two most considerable
diff erences of our technique [2,3] from known met hods [5] t o der ive level densi ty from the
spect ra obt ained in t he neut ron induced nuclear react ions. A lso, there were ï î met hods up
t o now which determined st rength funct ions for pr imary t ransi t ions populat ing the levels
of heavy enough nuclei at t he energy of some M eV .

T he main resul t of t he analysis [2,3] t hat both t radit ional and modern enough ideas
of à nucleus at exci t at ions from 1-3 M eV to B Ä need ser ious correct ions. Discrepancy

between the level densi ty observed by us in the (ï ~~, ó) react ion (at least in t he ñàÿå of the
two-step cascades) and predict ions of t he Fermi-gas level densi ty model which considers

nucleus as à system of noninteract ing fer mions test ifies to considerable role of phonon
excitat ions in the wave funct ions of the observed st ates. (We do not int roduce some new
ideas of nuclear mat ter even for quali t at ive explanat ion of our resul t s but use simple known
not ions). T he ò î ãå modern models l ike the generalized model of t he superfl uid nucleus
[6,7] provides bet ter agreement wi th t he exper iment al level deii si ty, however even in this
ñàçå discrepancy exceeds exper iment al uncer t aint ies.
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À compar ison between the result s [2,3] and model calculat ions allowed one more essen-
t ial conclusion: energy dependence of level densi ty at Å, 3 — 4 M eV exhibi t s more or
less clear ly expressed "st ep" (see Fig. 1.) . T he conclusion is in complete agreement wi th

t he result s [8] of approximat ion of r andom fl uctuat ions of the cascade int ensit ies relat ive
to t heir mean value which provided est imat ion of the tot al number of level s which can be
exci ted in t he (ni , y ) react ion below 3-4 M eV .

Complete explanat ion of the observed [2,8] eff ect is possible only in t he framework of
the st rong nuclear model which reproduces exper iment al level densi ty wi th exper iment al
precision . However , t he most probable qual i t at ive explanat ion can be suggest ed under
assumpt ion that the t hermodynamical funct ion — specific heat of nuclear mat ter in the

total energy region of excit at ion where the second order phase t r ansit ion can aff ect nuclear
proper t ies — has the same funct ional dependence on energy as that which is known for
à mixture of superfl uid Í å and Í å. À well known fact of increase in specifi c heat of
quantum liquid in the region of t he second order phase t ransi t ion can signify decrease in
nuclear temperature and, as consequence, level density of fermion-type at cer t ain nuclear

energy. Because energy dependence of level densi ty is exponent ial for bot h åãî ons and
bosons then the presence of "step" requires one to postulate that at t he exci t at ion energy

of several M eV in heavy nucleus the number of phonons is not iceably less than the number
of quasipart icles but energy of bosons considerably exceeds energy of fermions. Such as-

sumpt ion fol lows from proport ional it y of t he parameter à (which determines level densi ty )
Ñî t he number of exci ted quasipar t icles or phonons. I . å., adiabat ic pr inciple — one of t he
basic pr inciple of t he generalized model of t he superfl uid nucleus — is not fu1fi 11ed. T he
BCS-theory [9] predict s t he t ransit ion of Fermi-liquid t o Fermi-gas at t emper ature

6
1.76 ' ÎÒ,

what is approximately two t imes higher t han the point of abrupt change in level density
in our exper iment . T his fact can be easily explained if one take into account à decrease in
temperature of phase t ransi t ion in mixture of l iquid Í å and Í å as compared wi th pure
~Í å. Probably, more correct var iant of t he model of t he superfl uid nucleus must t ake int o

account t his t emperat ure shift , i . å., consider nucleus as à mixture of boson and fermion
excit at ions in t he wide energy interval .

T he presence of phonon excit at ions st rongly aff ect ing nuclear proper t ies appears as two
more eff ects observed when studying two-step cascades:

(à) approximate harmonicit y in the excit at ion spect ra of intermediat e levels (or t heir

groups) of most intense cascades:
(b ) not iceable increase in st rength funct ions (i . å., intensi t ies of cascade t ransi t ions)

as compared wi th the model [10] which considers nucleus as à drop of Fermi-l iquid. T he

est imated from t he exper iment and cal culated according t o convent ional models st rength
funct ions are shown in Fig. 2. A s can be seen from fi gure, t he maximum values of t he sum
st rengt h funct ions of E 1 and M l t ransi t ions are observed at Â „ , i . å., t hey conform to
the energy of "st ep" in our level densi ty.

So, t he anal ysis of t ot al i ty of exper iment al dat a on the two-step cascades leads to
conclusion about probabili ty of abrupt enough change in nuclear proper t ies at Å , 3 — 5

MeV and necessity of ser ious correct ion of corresponding nuclear models.
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F ig . 1 . T he numb er s of level s of b ot h p ar i t ies w i t h er r ors (ci r cles w i t h b ar s) for " 4C d ,

~~4Òå, ~~~Ó, ~~~Â à, ~4~Üà, an d ~~~# ~. H i st ogr am — - dat a [8] , t r i angles — exp er im ent al level

den si t y f r om t he (è , 2 ó) r eact ion . D ashed l ine - t he p value ob t ained at t he un r eal in i t i al

par am et er ð( Å , ) = ð(Â „ ) of i t er at ive p r ocess. T he upper and lower cur ves r epr esent

pred ict ions of m odel s [11] and [7] , respect ively.

160



~~~

12 4~' " ñà

~~~

8i ó

~~~~~~

2 .5 á .5 6 .50 .5

~

6 .5

EÄ MeV

F ig . 2. T he sum of t he probable radiat ive st rength funct ions of E l and M l t r ansit ions
(wi th est imated er rors) in t he ~~~Cd, ~~~Òå, ~~~1, ~~~Â à, ~~~Õà, and ~~~# 1 nuclei . Dashed

curve represent s t he f (E 1) + f (M 1) mean value obt ained at diff erent ini t ial values of
st rength funct ions and at init ial level densi ty ð(Å , ) = p(BÄ) wi th the help of i terat ive

procedure. Upper and lower sol id curves represent predict ions of models [12] and [10] ,
respect ively.
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N E W M E T H O D O F P A R T I A L R A D I A T I V E C A P T U R E C R O S S

S E C T I O N M E A S U R E M E N T S

Óö.Ð.Popov, À .ÓÕ î |ï î ÷, ÐÕ .ßåéóÿÜå÷, ß.ß.ÐàããÛ Ü Ê|, À .Ð.K ob zev , Õ .À .Gu ndor in ,

D .G .Ser ov , Ì Õ .Sedysheva.

New method is based on the measurements of the energy shi f t of the primary y-

transit ion due to the capture of intermediate neutron w i th respect to i ts posi t ion af ter the

therm al neut ron capture. I f an i n ten se of the p r i m ar y 'ó- transi t i on w i th the energy Å '~~ to the i -th

f inal level of the exci ted nucleus af ter à thermal neutron capture (Å„=- 0) by à nucleus w i th the

atom ic w ei ght À , the energy o f the y-tr ansi t i on f o l l ow i ng the capture o f an neut ron w i th ener gy

E Ä m ust be

Å ' = Å '~ + À / (À + 1)Å „

The method w as f irst demonstrated in [ 1] , w here two resonances of sul f ur were

registered by using of reactor neutron beam w ith boron f i l ter . However the authors did not

manage to derive any i nformation f rom the experiment beside the experimental w idths of two

reson ances

In our case the neutrons i n the energy interval about 10 — 120 keV were generated by

L i (p,n) reaction by the V an de Graaff accelerator at proton energy exceeding the reaction

t h r e sh o l d b y Ë Å ð — — 6 0 k eV
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Fig . T he draf t of the exper imental setup. T he d imensions are in mm .

This compact geometry prov ided theÚ å draf t of the experimental setup i s show n in Fig,

optimum for ef f iciency of the ']÷ ~èàï 1à regi stration and for irr adiation of the sample by

neutrons. A ccording to the background measurements (w i thout sample or w i th scatterer of

pure graphite) the main components of background are due to the Compton ef fect in Ge-

detector from Fe(n,ó) reaction on constructive materi al s (includi ng on the turni ng magnet of

the p roton b eam )

A t f irst step of thi s method. development we used the samples of Fe [2] and N i [3] , where

the partial y-transi ti ons for several most intensive resonances w as i nvestigated by another

methods [4 ,5] . I t gives us possibi l i ty to standardize our rel ati ve cross sections data and check

the new m ethod ,

For i l lustration of the method the part of experimental 'ó-quanta spectrum for N i sample i s

N i (n,óo) N i reactionpresented on f ig.2. One can see the structure in the spectrum due to

w ith population of ground state of N i nucleus. Ke f t peak belongs to the thermal neutron
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capture and indicates the zero posi ti on of the neutron energy scale. T he other peak s are due to

the reson an ce neutr on cap ture.

T he experimental 7- Qu an t a

f or the Fe sam p le 1 Sspectrum

presented on the f i g.Ç. T he f ir st tw o

peak s are due to the thermal neutron

56F
by nucl eus w i thcapture

population of ground and f i rst excited

state o f ~~Pe . T he co unt s to the r i ght o f

the doublet are due to the 'ó-transi tions

pjg 2. The experimental spectrum of '~Nt(n,'ó~) Ni
populati ng these two states for the

reaction with resonance neutrons produced by
16neutro n cap ture .

~

reson an se
' L i (p,n) reaction w i th ÜÅð —- 60 keV over the react ion

transi t ions (2 ó-transi t ions for 1 s-
threshold (à), the background spectrum (Ü) .

w ave neutron resonance (27 .7 keV ) and 14 'ó-transi t ions for 7 known p-w ave resonances) may

gi ve the contr ib ut i o n to the resonance b um p . F or s-w av e resonance these 'ó- transi t i o ns hav e Å 1

mul tipolar i ty , for p-w ave they have Ì 1 mul tipolar i ty . The f i tt ing procedure (see Fig.Ç) and the

data analysis tï åthî d are described in [2]
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F i g .Ç G r aphi cal resu l ts o f y-spec tr um f i t t i ng .

For absolute nornal ization we used the know n partial resonance parameters f rom [4 ,5] . Since

the i nd i v i dual y-tr ansi t i on s co ul d ov er l ap , w e hav e determ i ned on l y the p ar t i al rad i at i v e w idths

of the Ì 1 multipol ar i ty averaged over 7 ð-w ave resonances: ( Ã„ >=69 meV .

E

î
î
Ý

( )

Fig.4. The partial cross sections of " Ni(n.~>)' Ni (left) and " Ni(n.ó~)' Ni

(right) reaction. The points are represented the experimental data and does not

take into accounts the correction coefficients conj uncted with self-absorption

and multiple scattering of neutrons in the sample. Full line are shown the

cor rected cross sect ion.
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~~È i sotope i s show n in the Fig.4 w here the parti alThe one of the f i rst resul ts obtained for

cross section of ~~Ì (ï ,ó)~~Ì reaction for population of both the ground and second exci ted

states of ~ N i i s presented. Each peak in the structure of the parti al cross secti on i s due to the

contr ibution of à single resonance or group of the resonances. I t al lowed us w i th help of the

f i tt ing procedure ñî der ive the parti al parameters of neutron resonances and by usi ng the partial

values of radi ative w idths [4] make absolute norm al ization of our parti al cross secti on data. It

should be underl ined that thi s resul t i s obtained for the f irst t ime because of the high ef f iciency

of th i s m ethod i n com p ar i son w i th o ther s

N ew method developed in FL NP for measurements of the partial capture cross sections

in the keV neutron energy region possess the record ef f i ciency . I t gave the possibi l i ty to

receive the resul ts unattainable now for the time-of -fl i ght method not only for van de Graaf f

neutron sources but for the modern powerful neutron sources on the base of electron and

proton accelerators. The energy dependence of the parti al neutron capture cross sections was

m easured f o r the f i r st t i m e

ÒÇ,K ennett , N ucl . Instr . M eth.126,( 1975)V .J. Thomson, À .V Ë î ðåë.W .V .Prestv ich,

263

Óè.P.Popov , P.V .Sedyshev , À .P.K obzev , S.S.Parzhi tsk i , N .À .Gundorin, D .Î .Serov .

~

Ì .V .Sedysheva. Phys. A t . N ucl . 62 ( 1999) 827-83 1

Óè.P.Popov , À .× .V oinov , P.× .Sedyshev , À .P.K obzev , S.S.Parzhi tsk i , N .À .Gundorin,

~

Î .G .Serov . In : ISIN N -7, D ubna 1999 (JIN R , Dubna, 1999) 2 14-2 18.

73Í . Beer, R .R .Spenser , F.K aeppeler , Z .Phys. À 284, ( 1978)

~

Í .K omano, Ì .Igashira, Ì .Shim izu, Í .K i tasava, Phys.Rev . Ñ29, ( 1984) 345

~
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D E T E R M I N A T I O N O F ÒÍ Å F O R W A R D B A C K W A R D A SY M M E T R Y C O E F F I C I E N T

I N ~ Ñ 1( ï ,ð ) Ú R E A C T I O N

Ó è .Ì .G ledenov , R .M achr af i , À .1.0 prea, Ð.V .Sedy shev , V Ë.Salat sk i , ÐÇ .Szalan sk i

J oi n t I nsti tute f or N ucl ear Resear ch, 14 198 0 D ubna, Russi a

In the frame of mixing states with different parities model , the forward-backward u i:a,

left-right a i q and parity non-conservation à ð~ asymmetry coeff icients in the (ï ,ð) reaction play
an important role, because as is indicated in [ 1] the weak matrix element can be written l ike an
expression of these three coeff icients. So, in principle, i f it is realized one experiment (or more)
for measuring these coeff icients it wi l l be possible to obtain the weak matrix element. Recently,
with resonance neutrons (up to 1keV ) of the pulsed reactor IBR-30, Frank Laboratory of Neutron

Physics, JINR, Dubna, it has been carried out an experiment for measuring the forward
backward coeff icient asymmetry on the NaC1 target. Theoretical ly, the maximum of this
coeff icient is expected around EÄ= 288 eV . The values of the à ðô have been obtained in
dif ferent neutron energy intervals: 0.5-10, 150-260 and around the resonance (Å„=398 eV ).

The experiment has been carried out at the 31m path of the pulsed reactor IBR-30. The

neutron spectroscopy was performed by the time of fl ight method. It has been used à double
section ionization chamber [2] . In one of its section was fixed à NaC1 target of 0.5 mg/cm~ and

200 mm in diameter onto 100 ðò aluminum backing. The chamber was fi l led up with Ar + 4%
ÑÎ ã gas mixture at the pressure 0.35 ata. The pulse-height and time of fl ight spectra were
registered using à multiparameter data acquisition system. The chamber has been periodical ly
turned at 180 from its previous position, in one position we have measured the forward effect,
while in the second position it has measured the backward effect . To normalize the neutron fl ux,
we have used à boron counter monitor . The scheme of our experiment is shown in Fig.l .

F i g .1. Ex per im ent al setup o f the f orw ard -back w ard asym m et ry coef f i c ient m easurem ent

T he f or w ard-back w ard asy m m etr y coef f i ci ent w as determ i ned by the f o rm u l a:

Æ,: — N H

+ i: + ~ í
(2)

~

Where, N,: — is the number of registered protons emitted in the forward direction, NÄ — the

number of registered protons emitted in the backward direction. The neutron energy dependence
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of the ~~Ñ1(ï ,ð)~~S reaction cross section is shown in Fig.2à. The theoretical evaluation of the

forward-backward coeff icient up to 2 keV is given in Fig.2Ü [3] .
In Fig.Çà and Fig.ÇÜ are shown the pulse-height spectra obtained in the neutron energy

ranges 0.5-10 å× and 150-260 å× , whi le the Fig.Çñ i l lustrates à part of the time of fl ight spectra

in the resonance region.

î soo èþî 1500 oooo
neu tro n ener gi ze, å×

F ig .2b . Ener gy d ependence of the f orw ard back w ard asy m m et ry coef f i c ient s

The proton yields Ni and Nq have been obtained by the separation of the effect from the
background on the pulse-height spectrum (Fig.3à and Fig.ÇÜ) for the neutron energy intervals
0.5-10 eV and 150-260 eV . But in the resonance region the value of the àù has been determined
from the time spectrum shown in Fig.3c. The table 1 shows the obtained results.
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~

F i g .Çà . T h e p u l se h ei ght spect rum obtained i n 0 .5- 10 eV , 1-ev ent + back ground ,

2 - b ack ground , n - i s the ch annel ï ø ï Üåã, N - i s the count per ch annel

1 2 0 0 Fo rw a rd

200 400
è

åî î âî î

~

Fig.3b. The pulse height spectrum obtained in 150-260 eV , 1-event + background,
2- background, n- is the channel number, N- is the count per channel
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backw ardForward

4 0 0 0 0

~~

ò~

~âî<î î ~ã þ 14 0 16 0

~

F i g.3c. Par t o f the t im e o f fl i ght spect rum f or the f orw ar d back w ar d in the reson ance r eg i on
n - i s th e chann el num ber , N - i s th e count p er ch ann el

T a b l e 1 .T h e ex p er i m en t a l r esu l t s o f t h e f o r w ar d - b ac k w ar d asy m m et r y c o e ff i c i en t

The neutron energy range ,å×

0.5 - 10
150 - 260

resonance region

,åÓ

5.2
205
398

Ö .â

0.030 + 0.005
0.17 + 0.03
0.002 + 0.006

Using the parity non-conservation coeff icient àð~ =-1.51õ10 , the left-right à ð =-2.4õ10 4

coeff icients at the thermal point energy and the forward-backward asymmetry coeff icient
àðô = 0.17 [4,5] , we obtain for the weak matrix element M pv=57+ 17 meV .
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A N GU LA R A N I SOT ROPY OF FI SSI ON FRA GM EN T S FROM ÒÍ Å
RESON A N CE N EU T RON IN D U CED FISSI ON OF A L I GN ED ~ç5U

TA RGET A N D ÒÍ Å ROLE OF Y K FI SSI ON CH A N N EL S

À .Â. Popov~, , W Ë.Furman~, , DË. Tambovtsev~, Ü.Ê . Kozlovsky~„
N.N. Gonin~, , and J. Kliman' s

Y u .N . K opat ch~

' Joint Inst it ute for Nuclear Research, 141980 Dubna, Russia
~lSSC Inst it ute of Physics and Power Engineering Obninsk, Russia

sl Inst it ute of Phvsics SAS Brat islava. Slovakia

A bst r act
Energy dependence of the fi ssion fragment angular anisotropy from ~ssU(n, f ) react ion

has been measured by the FLNP-IPPE collaborat ion using the JINR pulsed neutron source
IBR-30. Our data are analyzed together with the total neut ron, total fi ssion and spin-
separated fi ssion cross sect ions in energy range 0 — 30 eV in order to obtain à new set of
s-wave resonance parameters. Three fi ssion channels (Ii = 0, 1,2) are taken into account
for both spin groups, J = 3 and J = 4 . The obtained set of resonance parameters
is discussed. Integral dist ribut ions of part ial and total fission widths are compared with
the Porter-Thomas distribut ions. Estimat ion of the degrees of openness of diff erent J Ê
fi ssion channels is made. À problem of ambiguity of the resonance parameters is also briefl y
discussed.

1. Fission induced by slow neut rons is one of t he unique t ools for st udying t he quant um-

mechanical aspects of t he fi ssion process. It gives à possibilit y Ñî obt ain informat ion about t he
fi ssion amplit udes y>>~ for à given resonance Ë. T hese parameters form à basis for à quant it at ive

descript ion of t he fi ssion process induced by resonance neut rons. Í åãå, ,Ó Ê are t he spin. parit y
and t he spin proj ect ion ont o t he symmet ry axis of t he fissioning nucleus. It is known [1. 2]
t hat such amplit udes cannot be ext racted unambiguously using only dat a on integral fi ssion
and neut ron cross sect ions. Addit ional informat ion can be obt ained f rom experiments on t he
interact ion of polarized (or unpolarized) neut rons wit h à polarized (aligned) t arget .

We performed an experiment al st udy of t he energv dependence of t he diff erent ial fission cross
sect ion (fi ssion f ragment angular anisot ropy ) of ~~~Ã resonance neut ron induced fission using an

aligned t arget and unpolarized neut rons.
2 . T he experiment has been performed at t he booster IBR-30 + ÜÅÀ-40 in Dubna and is

à development of t he technique used by Pat tenden and Post ma.[3] T he det ailed descript ion of
t he experiment al set-up and of t he primary dat a analysis can be found in.[4, 5]

T he energy dependence of t he À~ coefficient , which characterizes t he angular anisot ropy of
fi ssion f ragments, is shown in fi g. 1.

For à combined analysis, we used t he experimental cross sect ions for ~~× ~ available f rom t he

Nat ional Nuclear Ï àñà Center (NNDC) at BNL .[6] T he dat a sets selected for t he analysis are
summarized in Table 1.

3 . T he experiment al dat a sets listed in Tab. 1 were fi t ted over t he energy ãåð î í 0 — 30 eV
using t he st andard R-mat rix formalism in t he Reich-M oore approximat ion [13] wit h t he inclusion



- À

-À ,

Figure 1: The results of t he fi t (solid curve) for À~(Å ), circles are experemental data. Dashed
line is calculated using t he resonance parameters from.[13]

of formulae for Àð(Å ) derived in ref. [14] (see also for details ref . [5]) . In t he fi t , each resonance
Ë was described by six resonance parameters: Å ~, Ã~~, ó ~, ô ô~, and ä~. Such parameterizat ion

allows one to include up to 3 fi ssion channels for each resonance Ë. The part ial fi ssion amplit udes
are åõðãåââå4 via the ò î 4è!å î Ã t he total fission amplitude 7fs : = + r ft and two angles, å" àï 4

ä~, in à spherical coordinate system:

sin ä~ — — ñ î ç ä ë ,ë ëó~~ — ó~ ñî ü ô . ÿ ï Â' , ë ë ë ë ( i )ó ~ ~ — — ó ~ s i n ô ' ë ë

T he radiat ive width Ã'~ was fi xed and equals 0.039 eV for all resonances. All ot her parameters

were varied. First we analyzed t he data assuming t hat t hree channels are open for t he spin group
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J = 3 (Ê = Î , 1, 2) and two for t he spin group Ó = 4 (Ê = 1, 2) . According to t he commonly
used assumpt ion [16], t he Ó Ê = 4 0 state is forbidden by parity conservat ion. We can expect
ï î or very small cont ribut ion from t he higher Ê states (,Ó Ê = 3 3, 4 3, and 4 4) as the
geomet rical factors defi ning t he value of t he anisot ropy coeffi cient for these st ates have the
posit ive sign while t he observed anisot ropy coeffi cient Az is negat ive over t he whole measured
energy range. The fi ssion barriers for t hese states should be much higher [15, 16] . So t hese fi ssion
channels are not t aken into account . The integral dist ribut ions of t he part ial fi ssion widt hs for
t he spin group J = 4 obt ained in such approximat ion turned out to be not consistent wit h the
Porter-Thomas dist ribut ion wit h one degree of freedom (see fi g. 3, right column). An addit ional
fi ssion channel seems Ñî be open for t his spin group. It is necessary Ñî ï î Ñå that t he conclusion
[16] about absolute forbidenness of t he 4 0 channel was based on À . Bohr hypot hesis [15] in its
simplest variant . However, ò î ãå careful examinat ion of t he problem leads to à conclusion t hat
t he 4 0 channel has higher fi rst fi ssion Úàãï åã and relat ively low second one for asymmet ric
fi ssion modes. Thus, one would expect t he J Ê = 4 0 channel to be at least part ially open for
our case. So we reanalyzed t he data assuming that à11 three channels are open for both spin
groups.

Figure 2: Decomposit ion of t he total and spin-separated fi ssion cross sect ions into Ê components.
Energy dependence of t he total fi ssion cross sect ion is shown in t he lower plot .

T he resul t s of t he fi nal fi t for À ~(Å ) are show n in fi g . 1 A l l ot her cross sect ions are also
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well reproduced. The dashed line is calculated using à set of resonance parameters from the
ENDF/ Â-VI library [13] which also describes àll ot her cross sect ions quite well , but obviously
fails to reproduce t he A~ energy dependence. It is necessary to note t hat t he lat ter set of
resonance parameters was obt ained in t he two channel approximat ion and wit hout taking into
account t he informat ion on À~(Å ).

4. Figure 2 shows the relat ive cont ribut ions of diff erent Ê -components Ñî t he tot al and spin
separated fi ssion cross sect ions. As is expected, t here are large fl uct uat ions of weights of the
Ê -channels for diff erent compound states Ë which result in t he st rong fl uct uat ions of the relat ive
Ê -cont ribut ions. It can be noted t hat t he cont ribut ion of t he Ê = 0 component is signifi cant
both in t he spin-separated and t he total fi ssion cross sect ions.

Three channel app rrlxi lna(i lla
J=3 J =4

ê=î ê=î
v l þ v l

J = 4

T w rr ch a n n e l
a p p errx i rna ri rrn

èI I 10

ó

.ô

g ( î r = z El /

g .

þ
v I
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þ 7 <í ï 1 í Û È ì

v 7

v 2

v l

î ã ã
>7ï

~~

ò (nl û ë
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þ è

~~~
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Figure 3: Integral dist ribut ions of part ial and total fission widths (number of resonances with
Ã~ó/ (Ò~ó) ) Õ ). Solid lines are t he y~ dist ribut ions wit h v degrees of freedom.

The integral dist ribut ions of t he part ial and total fission widt hs of resonances in the energy
interval 0 — 30 eV are given in fi g 3 (left and middle). The experiment al dist ribut ions for each

separate J Ê channel are in good agreement with t he Porter-Thomas dist ribut ion wit h one
degree of freedom. The integral dist ribut ions of t he total fi ssion widths for bot h channels also
fl uct uate according to t he Porter-Thomas dist ribut ion wit h the number of degrees of freedom
being between 2 and 3.

The average part ial ((Ãg >.)) and total ((Ã~~)) fi ssion widt hs for each fission channel are listed

in ÒàÜ.2. The average cont ribut ions of diff erent fi ssion channels, defi ned as

(2 )
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which can be regarded as à measure of t he degree of openness of à given channel are shown in
ÒàÜ.Ç. One can see that t hese values are almost equal for bot h spin groups. T he Ê = 0 channel
seems Ñî be somewhat suppressed, which is consistent wit h modern t heoret ical considerat ions.

T able 2: A ver age par t ial and t ot al fi ssion w id t hs i n m eV

Ê = Î I K = 1 I Ê = 2 I T ot al

68.1

34 .0

47.2

74 .0

38 .0

51.9

177.1
92.4
125.2

J= 3
J= 4

J= 3+ 4

35.0
20.4
26.1

T able 3: D egrees of open ness of d iff erent fi ssion channels (% )

Ê = Î I K = 1 I Ê = 2

35

34

34

J= 3
J= 4

J = 3+ 4

25

26

26

39

40

40

Finally, it should be noted t hat t he obtained set of resonance parameters is not uniquely
determined. It depends on t he choice of negat ive resonances as well as on inclusion of resonances
wit h small neut ron and large tot al fi ssion widt hs. However, since this parameter set includes
à11 possible Ê channels, it forms t he most reliable basis for quant it at ive analysis of s — and
ð — resonance interference.[17] À combined study of neut ron energy dependence of fragment mass-
ÒÊÅ dist ribut ions [18] together wit h an angular anisot ropy coeff icient can give new informat ion
about t he interconnect ion [19] of t he Bohr fi ssion channels and fi ssion modes.
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The moss biomonitoring technique was applied to study heavy metal

atmospheric deposition in the area of Yasnaya Ðî 1óàï à, the memorial estate of

L.N.Òo1stoó, which is surrounded by numerous metallurgy, chemical, power,

and machine-building plants in cities to the south of Moscow (Tula,

Novomoskovsk, Schekino). This is the first time that à wide spectrum of heavy

m etal s an d oth er tox i c elem ent s w as stud ied in the T u la R egion .

M oss samples w ere col lected in accordance w ith the sampl ing strategy

adopted in the European M oss Survey on biomonitor ing heavy metal

atmospheric deposition [1] . In addition to standard epigeic moss species âèñÜ as

Hylocomi um sp lendens (Hs) and Pleurozi um schreberi (Ps) , the epiphytic moss

Cal li ergon geganteurn (Cg) , w hich i s w idely distr ibuted at the given cl imatic

cond i t i on s, w as al so stud ied

Epithermal neutron activat ion analysi s at the IBR-2 rector of FLN P

made it possible to ident i fy 38 elements in the moss samples including ãàãå-

earth elements, uranium , and thorium . Interspecies ratios of elements were

calculated and compared to those observed by other investigators [2] in the

Northern part of Europe at dif ferent environmental conditions. The interspecies

ratio (Ps: Hs) varies between 1.10 and 1.50 for M g, Ti , and M n, whereas for Ñà,

Sc, N i , Rb, Sr, In, Üà, Ñå, Sm, Gd, ÒÜ, Dy, Òà and Th it is less than 0.80.

Because of l iv ing conditions in the relatively dry cl imate of the Tula Region,
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Hylocomium splendens shows signs of degeneration in comparison with

Pleurozium schreberi which is probably more resistent to dry climate.

Pronounced di f ferences in interspecies rat ios w ere observed w ithin the area

under investigation for elements characteristic of air pollution, especially for V

(Ps:Hs 1.39; Ps: Cg 1.35) and Sb (Ðç:Í ç 1.28; Ps: Cg 1.57). This suggests that

interspecies variations depend mostly on deposition level . The interspecies

ratios (Ps: Cg) varies from 0.80 to 1.20 for elements M g, Ê , Ñà, Cr, M n, Fe, Ñî ,

Zn, As, Se, Br, Rb, Sr, Zr, Cd, In, Âà, Eu, W .

~~

0.2 0.4 0.6 0.8 1

concentrat ion in Pleurozi um schreberi

1 .2

Fig 1. Concentrati on (ððò) î~ àãèåï ãñ i n Pleurozi um schrebery versus

Calli ergon geganteum.

Based on this fairly extensive set of data where interspecies ratios vary

w ithin à relat ively narrow range we conclude that the species Cal li ergon

geganteum may replace the covent ional ly employed moss biomonitor species at

si tes w h er e they are not f ound
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F O R S T U D Y I N G A T M O S P H E R I C E L E M E N T A L

D E P O S I T I O N I N C H I N A

Î . À . Stan, Zh. Í . Zhang*, Ì .V . Frontasyeva, Å. Steinnes**

I-I NP, JINR, Dubna, Moscow Regi on, Russia

"'ÎÍ ÅÐ, CAS, Beji ing, China

The moss biomonitoring is à well established technique widely used to study

atmospheric deposition in Nordic countries [ 1] and in the Western Åø î ðå [2] .

The present work is the first attempt to apply this technique to some areas of

China. Tw elve di f f erent moss species w ere col lected dur ing the autumn of

1998. Most of the samples were taken from highly polluted areas within the

Beij ing Region. The remaining î ï åÿ were collected from the national park in

Tianmu M ountain, Zhej iang Province, South-East China. The purpose of the

present study is to find appropriate moss biomonitors growing in China, as

alternatives to the species Hyloconi um sp lendens (HS) and Pleurozi um

~ñÜãåî åï (PS) adopted in the Åø î ðåàï Ì î èç Survey [3] which unfortunately

are not found in the Beij ing Region (see Table 1).

Table 1 Name and locati on î~ é å M osses i n Chi na

N am e Si te N am e Sit e

BR
BR
BR
BR
BR

BR
BR
BR
NP
NP

M v ur ocl ada max i m ovi czi i Tax i v hyl l um taxi r am eum

Oxysteeus cvli ndri cus Br achytheci um v l umosum

Br achytheci um vl umosum
G r i m m i a òè '1ß åòà

B r yhni a subl aevi f î 1ãajl Entodon r ubi cundus

P laty hyvni di um ri var i oi des Entodon cf. seductr ix
axi p hy l l um taxi r ameum B R ( Oxy r r hy n eh tum sa vasi er ~~ ß Ð 1

BR = Beij ing Region; NP = National Park

À total of 49 elemental concentrations were determined by nuclear and

related analytical techniques: epithermal neutron activation analysis (ENAA) at

the IBR-2 reactor of JINR; hydride-generation atomic fl uorescence

spectrom etry (H GA FS) and fl am e and/or graphite furnace atom ic absorpti on

sp ectr om etr y at I H E P,
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Fig .1. Ar seni c concentrati ons i n mosses obtai ned by ENAA versus H GA FS

À comparison of the results obtained by ENA A and HGAFS for arsenic is

shown in Fig. 1. Quality assurance for element determination was provided by

using IAEA standard reference material L ichen IA EA -336 in both laboratories.

In spite of the fact that al l 12 moss species refl ect the general level of

pollution in entirely different regions of China (Fig.Ç), two moss species

Myuroclada maximovi czii and Entodon rubicundus demonstrated the best

abi l i ty to subst itute each î ë åã by show ing the highest correlation (Fig.2) .
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Myuroclada maxi movi czii , ððò

Fig 2. C omp ar i son M y ur ocl ada maxi movi czi i ver sus E ntodon r ub i und us
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Practical ly for al l elements the concentrations are about 10 times lower in the

National Park than at other sampling sites

The results obtained encourage us to plan an extended moss survey for

assessm ent o f ai r p o l lu t i on i n urban an d r ural ar eas of C hi na.
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