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The problem of ref ining of the length of the neutron-electron interaction, bÄ, , remains

topical since its existing experimental estimates l ie beyond the error l imit and also, because it is
necessary to know this length to clarify the physical nature of the mean square charge radius of the
neutron.

Òî model more precisely the experiments under preparation to measure bÄ, from the
inelastic scattering of neutrons on à single-atom noble gas, the algorithm describing the angular

distribution of neutrons scattered on gas atoms in thermal motion was improved.
The M onte-Carlo calculation of the neutron scattering anisotropy for à "precise" gas sample

of argon was repeated and the results were compared with the analytical calculation by the formulas
from [1] . The results are il lustrated in Fig.1.

~

Figure 1 shows that the analytical and M onte-Carlo calculations agree well and that
depending on the value of scattering angles (or their intervals) the effect of the n,å-interaction

contribution may reach à value of 1.5%. In addition, an experimental setup with à 5 ñò radius
neutron beam and à ring detector of ' Í å counters (pressure 10 atm and thickness 3 ñò ) arranged

along à radius of 35 ñò with respect to the beam axis as i l lustrated in Fig. 2 was calculated. Figure
3 i l lustrates the results of the M onte-Carlo calculation for the chosen geometry when à real
scattering area from which neutrons ñî ò å to the detectors has à length of about 90 ñò . For
comparison, the results of analytical calculations for à "precise" sample and an interval of angles

close to the chosen geometry of the setup are presented.
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angular anisotr opy î~ èåè1òî ò scatter ed on argon.

In the experiment the ratio between n,å- and nuclear scattering-length, bÄ, / bÄ , wil l be
extracted. To obtain bÄ, it is necessary to know bÄ for the isotopes " Ar and " Ar present in

natural argon. An IBR-30+LUE-40-based experiment to measure î ;„ for à gas sample of natural
argon in the energy interval from 5 to 2000 eV was prepared and measurements started. This wil l
al low us to obtain Ü„ for the two isotopes of argon with à required precision using known thermal
point data. The measurements are carried out on the 240 m fl ight path using à battery of ' Í å

counters and à 16-exit measuring module. À gas sample in the form of à tube with à length of about
100 cm and à diameter of 5 cm f i l led with argon at à pressure of 50 atm and an exact copy of à
vacuum tube to imitate the beam without à sample are prepared. An empty and an argon-fi l led

container are instal led on the 70 m fl ight path. They can be introduced into the coll imated neutron
beam with the help of à computer-control led mechanism.

Fig.3. The energy dep endence
î~ é å angular anisotropy of
neutrons scattered on argon.
The p oi nts are the Monte-Car lo

calculati on~î r the setup shown
i n Fig. 2. The curves are the
analyti cal calculation~î r
reali sti c intervals î~ àèä1åÿ~î ò
à "p recise" samp le.
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Because of the importance of U for nuclear technology, its neutron total and
capture cross sections (o; and o~ respectively) have been measured many times (see, for
example [1]). We only know, however, two published works where the scattering cross
section o, in ~~~Y resonances was studied: in [2] o, around the 6.67 eV resonance was only

measured and ø [3] the scattering resonance area of many resonances was only obtained.
M eanwhile, the interference minima below the resonance energies of s-wave

resonances in even-even targets are of à certain interest because very small values of cr, or

the coherent scattering cross section are realized, if the minimum is close to thermal
neutron energies (the last phenomenon was observed in [4]).

2.Exper im ent

M easurements were carried out on à 250.8 m fl ight path of the Dubna booster IBR-
30 using à neutron spectrometer UGRA with à time resolution of - 24 ns/m [5] . À neutron
beam with à cross section of 22x 12 cm~ hit à 195 mm diameter of metal l ic uranium sample
depleted with à ~~~11 isotope with à thickness of 3 or 1 mm. The scattered neutrons were

detected by two batteries of Í å-counters which could be set at any of nine positions
providing à scattering angle between 25 and 155~ with à + 4 incertainty. The

measurement process (choice of the necessary scatterer, angles of detectors, angle between
the plane of the scatterer and the beam axis, accumulation of spectra and monitor counts)
were made automatical ly on l ine with à computer.

Ç.A nal sis

Í à nucleous has the neutron scattering cross section à,(Å) at energy Å, the yield of
the scattered neutrons is:

I (E ) = ð (Å )à , (Å )ó (Å ,à , p ) . ( >)

Here ð(Å) includes the neutron fl ux, detector eff iciency and sample dimensions, ó(Å,à, p) is
the probabil ity of the neutron entering à fl at sample at angle à to à normal experiences
scattering and leaves the sample at angle p to à normal . In our ñàçå, ð(Å) depends weakly
on Å and can be considered as dif ferent constants around di fferent resonances. The
function ~(Å,n,ß is:
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cosa cos p1 — å

f or r efl ec ti on geometry

ó(Å ,à , p ) =

f o r " 1òàò ò è à on geometry "

It is obtained by the integration over the sample thickness d. In (2) the total cross sections
o; and o correspond to the energy Å and E((A+cos8)l (A+ 1)j of the incident and
outcoming neutrons, respectively (À is the target mass number and á is the scattering
angle). Of course, ó(Å,a,p) is only val id for small ndcr, as i t does not take into account
multiple scattering.

In order to compare the experimental data with calculations it is necessary to take
into account the Doppler and resolution broadening. The first correction was made by
means of replacing 1(Å) i n (1) by

f Ê + Ú Ü

2

3 I (E')éÅ'

~

ó (Å)=
Å- ÇÜ

with À=0.0206~ E Å eV (Å is in eV). The second correction was made by means of
replasing I1(t) being the function of time-of-fl ight by the weighed average

11
l ~(t ) = ~ 1 (t — i )F (i ).

i = — 7

Í åãå, F(i ) is normal ized time resolution function of the spectrometer, t and i are the integer
standing for the 1 mcs channels of the measured spectrum and the histogram F(i ). The
function (4) plus the constant background Â were f itted to the measured spectra in smal l
regions near well isolated resonances by varying the parameters p and Â. In (1) the cross
section î ,(Å) was calculated in the one-level approximation taking into account one or
several nearest resonances.

4.Resul ts and d iscussion

Because of à poor resolution we have chosen to analyse only three low-energy
resonances. Raw data for them are partially shown in Fig.1 for two sample thicknesses nd
and two scattering angles ä. Heavy distortions of the usual resonance form are striking
especially for ä= 25~ although they are weaker for the sample with nd=0.0048 b ' which

was fixed normal to the beam. Due to strong competition with radiative capture the
resonance 6.674 eV looks very weak even in comparison with potential scattering. It was
hopeless in these conditions to obtain à good f it to the whole resonance with our imperfect
correction function QE,è, p) which must be, however, acceptable for describing resonance
wings.

The main goal of the discussed investigations is to obtain the experimental values
of ,(E) around the interference minima at Å ;„=Åä — Ã„ l (2k ' '). It can be done using

equations (1) — (4) but only for the cases when it is possible to neglect multiple scattering,

i .e. when ndo, Icosa is smal l . We estimate this conditions for nd=O.0144 b and à=45 as
(ò,( 15 — 20 Ü which is well ful fi l led practical ly everywhere. So for resonance wings, instead
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of (1) — (4) the following spectrum of counts can be used Ì ;=Ñî „ ó+Â, where for each
resonance Ñ and Â are constants. Then, if we know ñ, at à certain energy E
corresponding to the channel ò , the following takes place:
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Fig.1. The time-î Á ÈäÛ spectra of neutrons scattered by ~' ~Ó. Upper spectrum in each diagram
relates to the sample with nd=O.0144 b ' and ññ=45' (120 hours of running), lower
spectrum relates to nd=0.0048 b ' and à=Î ' (96 hours of running). Solid l ines are the f its to

the wings (30 — 50 channels left and 50- 80 channels right)
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Åð 36.68 eV Three values of E on the high-energy wings of
resonances are chosen and the cross sections o, are
obtained for them from the well-known file JENDL-3. The
values of both quantities are presented in the table. This
gives us the possibility to achieve the declared aim using
formula (5). The results are shown in Fig.2. The base of
each triangle is à double half-width of the local energetic
resolution and the arrows indicate the theoretical position
E ;Ä (without Doppler effect) of the o, minima. The solid
lines are the calculated results from the file JENDL-3. The
squares for the 6.674 eV resonance are our rough
estimation of the result [2]. Fig.2 allows us to say that the
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Fig.2. The scattering cross sections near the resonances. Black
points relate to the 6=155' measurements, light points relate to the

6=90 measurements
6 .3 6.4

Energy,eV
6 .5 6 .6

Åî , eV Å „ , eV Å , eV î , , b
11.2
14.2
23.7

6.674
20.87
36.68

6.525
20.28
5.29

8.05
23.05
39 .50

173

~

ãî î 2 [ ö = 6.6 24 å× [ ããî î ~ = 20 .8 2 å× ~
( Ð~= 26 .6 6 å× ~

24 25 þ 25' 1
6*25'

!

1 1 ãî î î 1 1

24 155 1 1

22 155



measured and calculated ñò, are in moderate agreement. Áî ò å difference can be explained,
besides the f inite resolution of the setup, by any possible inaccuracies in the obtaining

both results.
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In the year 2000 investigations of the parity violation and interference eff ects in the
angular distributions of fragments of the resonance neutron induced fission of heavy nuclei
continued.

The angular correlations in resonance neutron induced fission can be written as

W ( P r) = 1 + u pv (czn ' P r) + à ,ú (P r ' Ð „ ) + u )r ( P r [a n ' Ð , ] ) ,

where Ðã and P are the unit vectors of the momentums of the light f ission fragments and
neutrons that caused the fission, o, is the unit pseudovector in the direction of neutron
polarization. The coefficients à~„ àü, àï ä ui, characterize respectively the effects of parity
violation, forward-backward and left-right asymmetry in the emission of the fragments. There
exist theories [1, 2] describing these coefficients as à function of the parameters of s- and p-
wave resonances and also, of the matrix elements of the weak interaction for the coefficient
à~, . The experimental investigations of the reported effects over the region of resonance
energies were conducted by j oint groups of PIN P (Gatchina) and FLNP JIN R (Dubna) in the
recent years. The generalized results of the investigations of all the effects for " ' U are
published in [3] and the experiments with " ' U nuclei completed in 1999 are described in [4]. In
2000, measurements of " ' Pu were carried out .

One of the specific features of the transverse cross section of f ission and radiative
neutron capture in " ' U and " ' U nuclei is à high density of neutron resonances and à small
number of reduced neutron widths. For s-resonances the average spacing between resonances
is about 0.5 eV and the average reduced widths is about 10 eV. These two facts make it
almost impossible to observe directly p-wave resonances in which the existence of the
cetrifugal barrier results in that the cross section of compound state formation in the area of
10 eV neutron energy is smaller than in s-wave resonances 4 — 5 orders of magnitude. Parallel
investigations of the above-mentioned effects make it possible to determine the positions of
unknown p-resonances and do the assessment of their main parameters. Figure 1 depicts the
energy behavior of all three eff ects over the neutron energy range from thermal to 15 eV for
~' 13. À distinctly seen structure of the eff ects (fb) and (1ã) has made it possible to determine
the parameters of 18 ð- resonances. As it is seen in Fig. 1 the parity violation effects are
noticeably weaker . However , we managed to assess the value of three matrix elements. The
obtained values lie in the interval from 10 to 10 ' eV.
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Fig. 1.

The measurements of ~~~ Pu star ted in 1999 and continued through the year 2000 have

their pluses and minuses. T he posit ive side is that it has à not iceably smaller density of levels
than uranium isotopes. T he average distance between resonances is 2.3 eV . T his simplifi es
j oint processing of the obtained spectra because the contr ibut ion of neighbor ing resonances to
the analyzed sect ion decreases. A t the âàò å t ime, however , it leads to à decrease in the eff ect
that depends on the distance between the mixing levels. In this connect ion in the year 2000, we
continued to collect stat ist ics on the measurement of the left-r ight asymmetry and par ity
violat ion in the resonance neutron-induced f ission of ' " Pu with the POL IA N A facility at the
IBR-30 reactor .
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Recently, there has been much interest [1-5] ø the astrophysical rates for
reactions between à particles and intermediate to heavy nuclei . These reactions often
can play an important role in the nucleosynthesis occurring in massive stars at high
temperatures and in explosive scenarios such as supernovae. For example,
photodisintegration processes such as (ó,à) reactions play an essential role in the
nucleosynthesis of the proton-rich intermediate to heavy elements in the so-called p-
process [6,7]. À better understanding of the nucleosynthesis occurring in these
environments should lead to improved stellar models and impact related areas such as
the origin of isotopic anomalies in meteorites [1] . Possible p-process contributions to
s-only isotopes are also relevant for high-precision tests of s-process models [8].
There is scant experimental information on the rates for these reactions and the few
data which have been measured are sometimes very different from theoretical
predictions. Direct determinations of these rates via experiments are extremely
difficult and it is very unlikely that the rates for most of the needed reactions will be
determined by direct experiments. Theoretical calculations are hampered by large
uncertainties in the (x+nucleus optical potential in the astrophysically relevant energy
range. Traditional methods for improving optical potentials, such as elastic scattering
of à particles [9], have been of limited usefulness because the potentials must be
extrapolated from measurements made at energies well above the astrophysically
interesting range. À series of low-energy (n,à) cross-section measurements may offer
the best opportunity for enabling global improvements in the a+nucleus optical
potential for astrophysics applications because; i) the Q-values for (n,à) reactions are
such that the relative energy between the è particle and the residual nucleus are in the
astrophysically interesting range, so ï î extrapolation is necessary; è) scaling the
sample size to that employed in à previous measurement [10] using predicted cross
sections [11], we calculate that as ò àï ó as 30 nuclides across à wide range of masses
should be accessible to .measurements, and ø ) à recent study [3] has shown that
calculated (à,ï ) rates, via the à transmission coefficients, are sensitive to the a-
potential used ø the model . By detailed balance arguments, (n,à) reactions should
display the âàò å sensitivity. The data presented herein are the first (n,à) cross section
measurements in this mass range over the broad range of energies of interest to
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nuclear astrophysics. It is intended that they represent the first in à series of
measurements aimed at à global improvement in the calculation of rates for à-induced
reactions of interest to explosive nucleosynthesis models.

The experiments were performed at the Oak Ridge Electron Linear
Accelerator (ORELA) white neutron source. The ORELA was operated at à repetition
rate of 525 Hz, à power of 6 - 8 kW and à pulse width of 8 ns. À compensated
ionization chamber (CIC) [10] was used as the detector. Although à CIC can have
poorer pulse-height resolution than, for example, à gridded ionization chamber, it
reduces y fl ash effects by several orders of magnitude, allowing measurements to be
made to much higher neutron energies (500 keV in the present case) than in previous
experiments [12]. The source-to-sample distance was 8.835 m and the neutron beam
was collimated to 10 cm in diameter at the sample position. The Li (n,à) Í reaction
was used to measure the energy dependence of the fl ux and to normalize the raw
counts to absolute cross section. The data for '~~Áò [13] in the unresolved region are

shown ø Fig. 1, together with cross sections calculated by three statistical model
codes [11,14,15] frequently used for astrophysical applications. The theoretical cross
sections are renormalized by the constant factors given in the figure. The older
calculations of Ref . [11] are much closer to the data than the more recent calculations
of Refs. [14,15] which are roughly à factor of 3 different from the data in opposite
directions. The comparison to our new data provides important clues to problems with
the à potentials in the models.
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Fig.1. Cross sections for the '~~Çò (n,u) reactions in the unresolved region. Shown

are the measurements of the present work (circles with error bars depicting one-
standard-deviation statistical uncertainties) and calculations by Holmes et al . [ 11]
(diamonds), as well as calculations using the newer statistical model codes NON-
SM OKER [ 14] (long-dashed curves), and M OST [ 15] (dotted curves).

W e stud i ed theoreti cal l y [ 13] the dependence o f the c al cu l ated ' ~~Áò (n ,à )

reac ti on r ates o n the opt i c al à potent i al as w el l as the nuc l ear l ev el densi ty . T he
N O N -SM O K E R [ 14 ] code w as used to calcu l ate the astr oph y sical react i on rates
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Sm (n,à) using two different optical à+ nucleus potentials and three different level
density prescriptions, in addition to the standard NON-SMOKER potential and level
density. Differences of about à factor of 30 can be accounted for in the variation of
the optical potential alone. The different level density prescriptions can change the
cross section by à factor of about 1.5, by far smaller than the effect of the à potential .
However, we want to emphasize that this is not à systematic study of the sensitivity
but merely presented to illuminate the source of the differences in the results from
various statistical model calculations. Although it is possible to obtain an à potential
Úó fitting the current experimental data, such à potential probably would be of limited
usefulness. For example, it has recently been shown [5] that à potent i al constructed to
give good agreement with the experimental data for the '~Áò (à,y) reaction can be
off by as much as à factor of 100 compared to the data for the ~~0 å(à,~) reaction.

More experimental data are needed across as wide à range of masses and energies as
possible to constrain the several parameters thought to be needed to define à global à
potential . The proper treatment of the statistical model of nuclear reactions involving
à particles poses à very important problem in nuclear astrophysics today. It is
especially crucial for à better understanding of the nucleosynthesis occurring in stellar
explosions such as supernovae and the origin of the p- nuclides. We have
demonstrated the feasibility of à new approach for reducing the main uncertainty in
the calculation of rates for reactions involving à particles. It is evident that further
experimental data of the type presented herein are needed to more fully explore this
problem if the statistical model and the explosive nucleosynthesis calculations which
in large part rely on them are to be improved.
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~

Informat ion on the proper t ies of t he exci t ed st ates of heavy non-magic nuclei for t he ex-
ci t at ion region from 1-3 Ì å"÷' t o t he neut ron binding energy, Â „ , can be der ived from an

analysis of t he energy dependence of t he level densi ty, ð, and reduced probabil ity (st rength
funct ion) f of their excit at ion after t he decay of compound stat es. Up to now, there have
been ï î methods which would al low the determinat ion of t hese par amet ers without some
addit ional informat ion (for example, model assumpt ions with an unknown precision). T here-

fore, main informat ion on the level density was obt ained [1] from analyses of t he product s of
nuclear react ions wi th the use of diff erent potent ials of the opt ic model t o predict an unknown
probabil it y of nucleon emission wi t h fur ther excit at ion of an arbit rary low-lying level . New'

possibi l i t ies are provided by t he invest igat ion of two-step y-cascades between the neut ron
resonance and given low-lying levels.

Unlike other compound nucleus react ion with yields proport ional t o t he level density, t he
intensity of two-step y-cascades (Ñî one or sever al fi nal levels) is, on t he whole, inversely

proport ional t o t he level density of t he nucleus. T heoret ical ly t here is an infinit e number of
possible p and f values which provide precise reproduct ion of exper imental cascade intensi-

t ies and t ot al radiat ive widths of neut ron resonances. However , due Ñî à unique proper ty of
this exper iment , the interval of probable est imates of p and f is l imited by cert ain minimum
and maximum values for al l exci t at ion energies of the nucleus. As i t was shown in [2], t hese
interval s are narrow enough in order t o ver ify diff erent models of nucleus. T his is t he main
diff erence of t he dat a used below from , for inst ance, t hat on spect r a of pr imary y-t r ansit ions

where the interval of t heoret ically possible values is always infi nit e. I t is obvious that analysis
by t he method [2] requires exper iment al cascade intensi t ies with suffi cient ly smal l stat ist ic
and systemat ic errors.

E x p er i m ent a l d at a

~

ô Ñ ,„ „ l following thermal Ñ . ,Ñ ' Ñ} 184,186W 1 190,192~

get nuclei were measured at t he L ight -Wat er Reactor LW R-15 in Rez near Prague. T he ó — ó

coincidences were measured [3] with H P Ge det ect ors of suffi cient ly enough effi ciency, which
enabled us t o achieve 5 t o 10 t imes higher st at ist ics t han in ear l ier exper iment s in Dubna and
Riga. T his allowed us to obtain the spect ra where up Ñî 80-90% of cascade int ensit ies are

resolved as pai rs of peaks, ü å., t he main por t ion of t he exper iment al int ensi ty can be relat ed
to quite defined cascades which excit e individual int ermediate levels and can be analysed us-

ing the t echnique of nuclear spect roscopy. T he use of the algor it hm [4] for t he determinat ion
of quant a order ing in the resolved cascades al lowed us t o est imat e [5] t he dependence of t he
ÿñ~ÿã~å intensitv on the energy of t hei r int ermediate levels (F ig. Ö .



F ig . 1. T he tot al exper iment al intensit ies (in % per decay) of two- step cascades (summed in

energy bins of 500 keV ) with ordinary st at ist ical errors as à funct ion of t he pr imary t ransit ion
energy.

Most probably, systemat ic error of t his resul t does not exceed [6]- 5-10%.

Specifi c dependence of t he cascade int ensi t ies on t he density p of t hei r intermediat e levels
and radiat ive st rength funct ions f of cascade t ransi t ions in conj unct ion wit h t he known t ot al
radiat ive st rength funct ion of t he capt ure st ate al low the det erminat ion [2] of t he probable
int erval of p and f values. T he corresponding resul t s ar e shown in Figs. 2 and 3. intermediate
levels per 100 keV observed ear l ier . As i t is descr ibed in [2], t he "best " val ues and intervals

of t hei r probable var iat ions (which al low t he reproduct ion of the exper iment al int ensit ies
(Fig. 1) within the precision of t he exper iment ) are det ermined here as à mean value and
dispersion of ensembles of random p and f obt ained in M ont e-Carlo simulat ions. À simple

it erat ive algor it hm was used for t his purpose: we set some diff erent init i al values for t he
level densi ty and par t ial r adiat ive widths and then distor ted them by means of random
funct ions. I f these distor t ions improve t he agreement between t he exper iment al and calculated.
cascade intensi t ies and t ot al radiat ive widt hs of the capt ure st ate at t his st age of t he it erat ive
procedure, t hen t he distor ted values are used as ini t ial paramet ers in t he next it erat ion .
Repeated it erat ive cal culat ions for t he W and Os isotopes and the nuclei studied ear lier [2]
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leads to convergent in probabil ity of "best " values independent ly on t he init i al p and f values

in the real ized random process.

F ig . 2 . T he int er val of p r ob able values of t he level densi t y enabl ing t he r epr oduct ion of
t he exper im ent al int ensi t y of t wo-st ep cascades and t ot al r adi at ive w id t h s of cap t ur e st at es
in ~~4'~~~W an d ~~~'~~~Os. T he dashed an d sol i d l ines r ep r esent t h e pr edi ct ions [8] an d [0] ,.

r espect ively . T he h i st ogr am r epr esent s t he dat a [6] , t r i an gles sh ow t h e num ber of cascade

int er m ed iat e level s per 100 keV ob ser ved ear l ier .

Even-odd nuclei wi t h À ) 180 are character ized by considerable local fl uct uat ions of the
intensit ies of pr imary t ransit ions t o low-lying levels. T his cir cumst ance and t he necessi ty t o
average t he cascade int ensit ies (Fig. 1) over t he 0.5 M eV energy interval lead t o "breaking"

of t he st rength funct ions in Fig. 3.

P ossib l e i n t er p r et at i o n o f t h e r esu l t s o f a n al y si s

~

T he exper iment al int ensit ies of two-step cascades in ~~~'~~~~ and ~~~'~~~Î ç are not iceably

larger t han the t heoret ical values ñà1ñè1àÔåñ1 according t o t he models of level densi ty and ra-
diat ive st rength funct ions which consider nucleus as à Fermi-l iquid [7] or Fermi-gas [8]. T his

1ßß



means t hat t he level density excit ed in the (n , ó) react ion is considerably less t han the pre-
dicted in t he model [8] or t hat t he dependence of the st rength funct ion f on the y -t ransi t ion

energy is much st ronger than it fol lows from [7] . T here are ï î ot her explanat ions of t he
observed discrepancy except for some assumpt ions which br ing à much more ser ious change
in the syst em of the exist ing t heoret ical not ions of t he nucleus. Obviously, t he observed
situat ion is à superposit ion of these two probabili t ies: t he level densi ty below the 2 — 3

M eV excit at ion energy is consider ably less t han that predict ed in model [8] , t hen i t increases
rapidly t o an energy of about 4.5 Ì å× . Over t his int erval t he slope of t he energy dependence
(due t o nuclear t emperat ure) cor responds complet ely t o an ear lier var iant of t he generalized
model of the superfl uid nucleus [9]. Besides t hat , t he st rength funct ions of t he low-energy

primary t ransit ions are essent ially less than the theoret ical expect at ions based on diff erent
ideas of t he GEDR "t ai l " .

~
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F ig . 3. T he probable int erval of t he sum st rength funct ions f (E 1) + f (M 1) (point s wit h
error bars) providing the reproduct ion of the exper iment al dat a. T he upper and lower curves
represent t he ext rapolat ion of the GEDR "t ail " int o the region below B Ä and the predict ion

of t he model [7] for E l t r ansit ions in t he sum wi t h f (M 1) = const values, respect ively.

Unfor t unat ely, at present t he analysis [2] can be only carr ied out under t he assumpt ion
of similar shapes of t he energy dependence of st rength funct ions for t he pr imary and sec-



ondary t ransi t ions wi th equal mult ipolar i t ies. À compar ison between t he exper iment al and
calculated two-st ep cascades to difFerent final levels of t he invest igat ed nuclei shows that ,

most probably, t his assumpt ion leads t o some overest imat ion of t he level densi ty above the
energy of several M eV and to underest imat ion — at low excit at ions. T his fact in conj unct ion

wi t h t he cir cumst ance t hat some par t of the cascades cannot be unambiguously placed in the
decay scheme result s in à discrepancy for t he dat a in Fig. 1 below the excit at ion energy 2
M eV .

T he simplest int erpret at ion of t he observed discrepancy between t he exper iment and mod-
els [7,8] can be obtained from the specific shape of t he dependence of p on Å , . T he depen-
dence of p on the excit at ion energy for al l of these nuclei demonst r at es à step-like st ructure

at t he 2 M eV exci t at ion energy and in addit ion , à similar st ruct ure at 4 M eV . T his result
agrees wit h the quali t at ive predi ct ions [9] by À .Ignatyuk of t he step-l ike dependence of t he
level density on t he excit at ion energy. T he only discrepancy is that t he width of t he step-l ike.

st ruct ure in our dat a is approximately 2 M eV inst ead of 1 M eV in [9]. T heoret ical not ions
of À .Ignatyuk ar e based on the fact that breaking of à nucleon pair requires à cer t ain exci-
t at ion energy. Each of these damped "steps" are due to t he compli cat ion of t he st ructure of

t he wave funct ion by two quasipart icles as the excit at ion energy increases. From t he dat a
shown in F ig. 2 and not ions of model [9] i t fol lows that t he next st ruct ure of t he step-l ike
type should be expect ed at an exci t at ion energy of about 6.5-7.0 Ì åÓ, i . å., aft er t he capt ure

of the neut ron wi th an energy of 1 M eV . T his means t hat the est imat ed interact ion cross
sect ions of neut rons with nuclei can include an addit ional uncer tainty. À similar conclusion
about t he st ep-like st ructure of t he level densi ty above the neut ron binding energy is made

in an analysis of the inter act ion cross sect ion of neut rons with act inides descr ibed in det ai ls
in [10]. T he novel ty of the suggested methods of analysis [6,7] and the dat a obt ained within
these methods assume, naturally, the necessi ty of fur ther exper imental and t heoret ical st udies
of the result s discussed in present ar t icle.

T h i s w or k w as su p p or t ed b y t h e R F B R G r an t # 99- 02- 17863 ,
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W E E K L Y C Y C L E S O F E L E M E N T PO L L U T A N T S I N A I R
O F T H E G R E A T E R C A I R O A R E A (E G Y PT ) ST U D I E D

B Y N E U T R O N A C T I V A T I O N A N A L Y SI S

Ì .V . Frontasyeva, À .Â . Ramadan* , Ò.Y e. Gal inskaya

* Nati onal Center f î r N uclear Saf ety and ßàé àé î è Contr ol, Ñà» î , Eg yp t

Why is the weather different in working days and in week-ends? Why is it gloomy during
the holidays? This variabil ity, noted by Canadian and United States inventories [1] and later
nicknamed the "Sunday effect" [2] , is characterized by high late-week pollution levels as opposed

to the early week levels. According to the interpretation of numerous data offered by American
scientists studying the weekly cycles of air pol lutants, precipitation, and tropical cyclones in the
coastal Atlantic region of the USA , it is connected to à greater extent, with human activity rather
than natural phenomena.

As an example of curiosity, the cycl ic anthropogenic impact on air pol lution in the Greater
Cairo Area of Egypt is demonstrated in our work. It is based on the results of elemental analysis of
l imited number of air f i lters used to study air pollution in the Greater Cairo A rea, à densely
populated and industrial district of Egypt . This area dif fers from the above-mentioned region of the
USA not only by its climatic conditions, but also by its þåå1ñ-ends, corresponding in the Arabic
world to Thursday and Friday ! A s wel l as high concentration of anthropogenic aerosols have been
identified over the North Atlantic Ocean [3] associated with the urbanised eastern seaboard î ã" Ì î ãé

America, we have noted that Cairo with its suburbs (the Greater Cairo A rea), à megapolice
encompassing 16 mil l ion people, produces à strong weekly pollution cycle.

Results for à total of 30 elements are reported, including lead, cadmium and copper
determined by total refl ection fl uorescence analysis (TX RF) at NCN SRC, Cairo, Egypt.

À seven-day cycle was revealed, with the last two days of the week for the A rabic world
(Tuesday-Wednesday) experiencing the highest values of pollutants and with the lowest values
associated with the beginning of the week (Saturday-Sunday). It is an excellent extra testing of à
hypothesis of weekly cycles of ai r pol lutants, along with precipitation, and tropical cyclones. The
weekly cycles of air pol lution noted in our work for the A rabic world with its week-ends on
Thursday-Friday (Fig. 1) are in good agreement with à similar behavior of air pollution in the
Christian world with its week-ends on Saturday-Sunday [ 1] .

À pronounced increase of maj or and trace element concentrations, including heavy metals,
ãàãå earth elements and actinides along the valley with the prevail ing wind direction, from the north
to the south of the Greater Cairo Area was observed in the period under examination (Fig. 2) .

The air fi lters were collected in w inter months December-January of 1997-1998 at three
aerosol stations located in the north-south direction of 27 km. Total particulate suspended matter
has been sampled with high-volume samplers operating at à fl ow of about 25 m~/h by pumping 540
m of air through Whatman-41 cellulose f i lters of 25 õ 25 cm in size. Initial ly measured for the
man-made and natural radionuclides, f i lters then were subdivided, and part of the material was
subj ect to instrumental neutron activation analysis using epithermal neutrons (ENAA ) at IBR-2
pulsed fast reactor in Dubna, Russia. Neutron fl ux density and temperature in the channels of
irradiation of the pneumatic system REGATA are shown in Table 1. One should note that the high
fl uxes of epithermal and fast neutrons of IBR-2 reactor are especial ly favorable for determination of
the radionuclides with large resonance integrals.



Ta bl e 1. Ch ar acter i st i cs o f th e i r r ad i at i on channel s
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Short-l ived radionuclides were determined using small parts of f i lters (2.5 õ 2.5 cm) which
were irradiated in channel 2. Long-lived radionuclides were determined using activation with the

epithermal neutrons in channel 1.

Fig. 2. The Greater Cairo A rea aerosol
elemental content .

Fig. 1. Irregular ity of aerosol elemental content
of the South of the Greater Cairo Area

Further investigations wil l al low us to create coloured geographical ò àðÿ of temporal and
spatial air pol lution patterns for the examined periods of time.

This pi lot study showed the'possibi l ity of obtaining information on air pol lution elements

using segments of the same air f i lters exposed for radionuclide determination at the National Center
for Nuclear Safety and Radiation Control in Cairo.
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Analysis of natural ly growing moss as biomonotor is à well established technique for
surveying deposition of metals from atmospheric pollution sources [ 1-3] . The feather moss

Hylocomi um sp lendens is considered the best for such kind of investigations due to its easily
identif ied annual growth segments. For routine monitoring the last three year growth segments
are analysed. However very l ittle have been done to show the distribution of elements in
annual segments and ï î evidence is available so far about the distribution of elements
between " stems" and " leaves" of individual moss segments.

It seems evident that the leaves have à greater retention capacity for aerosols because of à
greater surface area per unit volume than the stems. One can imagine leaves as à certain " net"

for atmospheric particles. By examining which elements are enriched in the leaves of
segments, this study offered the unique opportunity to identify directly relative infl uences
from respectively atmospheric deposition and the surrounding higher vegetation on elements

in mosses.
Trace elements in leaves and stems of annual segments of the moss Hylocomi um sp lendens

collected in the three climatic zones with different anthropogenic loading (Central Russia,
near Dubna (5 segments), Siberia, Baikal Lake Âàì ï (7 segments), and Northern Norway (9
segments)) were determined by epithermal activation at the pulsed fast reactor, IBR-2 at JINR.

Dubna.
Data obtained for 32 elements (Na, M g, AL, Cl , Ê , Ñà, Sc, V , Cr, M n, Åå, Ñî , N i , Zn, As,

Br, Rb, Sr, Ì î , Cd, Sb, I , Cs, Âà, Üà, Ñå, Sm, Hf , Òà, W, Th, U) were used for the analysis of
the inter-annual variations of elemental concentrations in leaves and stems of annual

segments.
The maj or finding is that even through concentrations of elements varied considerably over

leaves and stems, leaves/stem ratios for individual segments varied so litt le that they could be
considered characteristic for each element. Plots of elemental concentrations î Ã paired moss
leaves and stems from all three places (Central Russia, Siberia, and Northern Norway) showed
clear ly that the grouping of elements is systematic and geochemically meaningful : elements
with the highest leaves/stem ratios are those typical ly associated with atmospheric aerosol or
deposition (l ithophi l ic and chalcophil ic elements such as A l , Sc, V , and Sb), whereas elements

with the lowest leaves/stem ratios are those typical ly l inked with plant material (Ê , Zn, Rb,
Cs). Intermediate elements with mixed properties are those enriched in plants but also in the

atmosphere (Mn, Ñà, M g, Âà, etc.) (Fig. 1).
Âó examining which elements are enriched in the leaves of segments, this study al lows one

to identify relative atmospheric/plant infl uences on elements in moss directly, assuming that
leaves have à greater effect from aerosol because of à greater surface area per unit volume
than stems. The observed grouping of elements (Fig. 1) is consistent with this picture: the
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"atmospheric" Al-group is enriched in leaves, the "plantlike" Ê-group is enriched in stems,
and the "mixed" Mn-group shows similar concentrations in leaves and stems.
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indicators. They are found at the upper right end of the plot, and include V , Cr and Sb, and
possibly some other pollution and crustal elements. For elements found between the lower left
and the middle of the plot mosses are not satisfactory as indicators of atmospheric pollution.
The three sets of data show à high degree of consistence and strongly conf irm the empirical
classification of elements in mosses suggested earlier by Steinnes [8] .
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Potential best indicators of plant materials (non-crust origin) can be distinguished by
comparing the moss average composition with that of atmospheric aerosol (Fig. 3). Í åãå the
enrichment factor Õ is defined as EF=(X/Sc) „ ,/(Õ/ßñ)„,ü,„ „ „„ ,,. In this plot purely crustal
elements not enriched in plants will plot at EF=1 while elements with EF<1 predominate in
the relevant aerosol. Since atmospheric deposition of an element is clearly connected to its
presence in aerosols, elements with EF« 1 in Fig. 3 can be considered as good pollution
indicators. The potential best indicators of atmospheric pollution as indicated from Fig. 3 are
thus: for Norway V, Ni, As and Sb; for the Baikal Lake Basin Cl (emission from the Baikalsk
Cellulose-Paper Plant), Cd and Sb; and for Dubna V, Cr, Ñî , Ni, As, Cd and Sb. It should be
noted that elements showing extremely low EF values in the plot are typically those that have
à pollution origin and at the same time show à low retention capacity in the moss.
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