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YIE 539. I73.4 I712

Jouaan Ha MeRIyHApOIHOM COBSRAHEH
o dMoNKe HeRsHKA
Cmonexmus (4CDP), I7-2I wmena I99I r.

O MPUPONE PESOHAHCA 72I,6 5B B YPAHE-238

A.B.Janres, 0.A.llepCaxoB

AHHOTAULMU A

Ha ppemsmponeTHOM chexTtpomerpe THEUC B TaTditHe W3MePoHH
COOKTPH 7Y-Ayueft  DPAIHALUMOHHOTO 32XBaTa HENTPOHCB B OTIHOJBHHX
pezoHaHCSX 38y g MUanazoHe SHEpPrMt HelTpoHOB oT 400 9B 1o 13008B.

W3 monyvyeoHHHX JAHHHX CHSJaH BHBOX O TOM, 49TQ Pe3CHAHC HOpH
sEoprvy V21,6 oB mo csoeft npupolle ABAASTCA TPOMMYHeCTBEHHO
cocToAHMeM xnacca-IT, Toria Kak pescHaHc IZ21T1,4 3B, NO-BUNMMOMY,
eCTh DOHYHCS cocToAHMe knacca-I.

(::) JisAe, 1991




Abstract

The neutron capture y-ray spectra of 1solated resonsnces of
235y have been measured in the energy range from 400 eV to 1300
e¥ using TOP-facility GNEIS In Gatchina. From the data obiained
1t was concluded that the 721.6 eV resonance 1s predominantly
class-I1 by nature, whereas the 1211.4 eV resonance seems to be

a c¢lass-I state.

1. Introduction

The two lowesti-energy rescnance cluaters in the subthreshold
fizslon crogs sectilion of 238U are dominated by the 721.6 eV and
1211.4 eV resonances. Anomalously small capture width (~4.T7 meV
f13) of the TZ2i.6 eV rescnance, which 1s conslderably smaller
than the average capture widsh T. = 23.5 meV of near-by s-wave
resonance’, 138 a sirong evidence that this resonance 1s not
a normal class-1 state. If the 721.6 eV resonance 1s predominan-
tly class-II in character, then not only 1ts PT would be
smaller, but the v-ray =pectrum of thls rescnance would be
softer than that for clasa-I resonances, slince in the second
ggéé the gvailable decay energy is smaller by EII {~2 MeV for

¥,

It waa shown by Difllippo et al.iZ]l that analysis of the
fiasion cross dection of 2 in the vicinity of the 720 eV and
1210 eV clusters ia amblguous and admits two posslble interpre-
tatlons: T, > Tpand Ty < Ty » Where T,, Tp are the transmis-
slons through the 1mmer and outer barriers, respectively.
The situation is complicated by the fact that prior to the
Present measurements, Browne [3) observed a much softer vy-ray
gspectrum for the T21.6 eV resconance than for nelghbourlng reso-
nances, whereas Welgmann et al.f{4] observed no difference.

Wz have undertook our measurements in order to resolve this

A1scTepancy.



2. Experiment

The neutron capture y-ray spectra for isolated resonances of
2385 nave peen measured in the energy range between 400 eV and
1300 eV using the neutron time—of-f1ight spectrometer GNEIS [5)
in Catchina. The main parameters of the INFI 1-GeV synchrocyclo-
tron utilized as a pulsed neutron source are as followse:

- proton beam ENeTZY...scesser-catscannna 1 GeV
- average proton beal CUrrent.........-. 2.3 ui
- puide Width..sieuvennvaaeanngaanseanes 10 1B
- average neutiron production rate... a.i0'4 s
repetition rate.....cociiaeniiniiians 50 Hz

A high purity ¢ 238y isotopic enrichment 99.996 % ) metal
sample of uranium, 40 om diameter and 6.4:1073 at/barn of thick-
ness was placed at 45-m flight path. The y-rays from resonance
neutron capture were detected by s single-crysial Nal(Tl) scin-
tillator detector. In order to reduce the background due to the
neutrons scattered in the sample, a 30-mm layer of 611 was
placed betiween sample and detsetnr.

Since neutron binding emergy By in 2% 1s equal to 4.8 ¥eV,
only capture events with pulse-heights smaller than ~5.2 NeV
were stored. Two-dimensional spectra (neuiron TOF X pulse-height,
1024 T 64) were scoumilated during the measurements. Four expe-
rimental mms of 75-125 hours duration have been performed.
The results of the Iirsi measurement are presented and discusaed
in this report.

The data treasiment have been done after the manner of Welg-
marm et al.[4). Thelr idea 1s to detect a y-decay branch within
the pecond well using two different 7y-ray energy blas values:
lower B! and upper B2. Then for B2 > B, ~ 2 MeV the ratio of
regonance ATead AT
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should be smaller for a resonance with a major class-IT fraction
than for normal ¢lags-1 resonances.
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Fig.1. Results of the capture y-Tay measurements Ior
the 721.6 eV and 1211.4 eV resonances of ¢

The results obiained in the present work (Gaichlna) are dis-
played in ¥ig.i, where the ratio R is plotted as a functlon of
upper blas B2. Alsc shown are the results of Weigmann et al. (4]
(Geel). Por every glven value of B2 the average H-value obtained
over resonances in the explored neutron energy range from 400 eV
to 1300 eV was taken equal to unity.

The flasion widths of the 721.6 eV and 1211.4 eV resonances
are equal to 1.57 meV and 0.36 meV (2], respectlvely. 3o far asg
fission 7-rays are 1inevitably detected by NaI(Ti), there 18 a
need to evaluate fission contribution into the effect observed.
In Fig.1 the results are given for two values of lower blas Di:
0.6 MeV and 1.2 MeV. Provided that Bt = 1.2 MeV, the
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pulse-heights of mere than 70 % of fisslon y-ray pulses are
below this bilas. The data of Fig.T display the scale of 1ine
effects obeserved and that of the correspending correctlons for
Tiseion 7-raya.

Ap 13 seen from the data of present measurements, the cap-
ture y-ray specirum of the T21.6 e¥ resonance 1s much softer
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Fig.2. Difference of the pulse-helghi spectra of
capture y-rays for asome resonances of 238y,
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than that of neighbouring s-wave resonances, in a good accordan-
ce with theoretical predictions for the case T't >> PH( E, < By ).
Together with a small value of the capture width for this
resonance, our data enable us to make & conclusion that the
721.6 eV resonance is predominantly class-II state by nature.
This result 1s in agreement with the Browne's data [3], whereas
it contradicts to the results of Welgmann et al. [43.

So far as the effect observed in the R(B2) - dependence
could be caused both by a variation of the y-ray spectrum shape
and by the multiplicity variations, it 1s Interesting io com-
pare directly the capture y-ray spectra of the Tesonances undsr
study. Fig.2 shows the difference of Nulse-helght y-ray specira
tor the 721.6 eV and 1211.4 eV resonances and those for some
usual s-wave resonances of 238y, m ecalculating the difference,
the ares of every spectrum was previously normalized to unmity.
A comparison shows that the shape of 171-ray spectrum for 1ihe
721.6 eV resonance essentially differs from that of the
1211.4 oV rescnance and usual s-resonances. A presence oI the
enhanced yield of 7-rays with cnergles < 2 Me¥ obgerved for
the 721.6 €Y resonance conflrms the conclusion about the nature
of this resonance.

In & case of the 1211.6 eV resonance the situation is more
complicated. Both cur data and the results of Welgmann et al.[4])
show that there are mo solld arguments to conslder this resonar-
ce as a olass-II state. This conclusion 18 supported by the
large value of ~17 meV for its capture width obiained DY Hura-
dyan et al.[6}. The last result, however, 15 In coniradiction
with the value of ~6.6 me¥ obtained by Aucharmpaugh et al.l+1.
Apparently, the 1211.6 eV resonance 18 8 pure class~-I gtate.
We agree with Weigmann's assumption (7] that the true class-IL
resonance within the 1210 eV cluster 1s still undetected.

Quite recently, Muradyan [8] advanced a hypothesis about
the existence of the wide class of umusual excited states which
could be discovered experimentally due to the unstatlstical
behaviour of neutron Tesonances. In particular, the 721.6 eV
resonance studied in the present work could be considered within
the framework of hls hypothesis as an example of such a siate -




the highly exciied low-spin iscmeric state. Unfortunately, nowa-
days a volume of the avallable experimental data 1a not
sufficiently large to confimm or to refute this hypothesis. As
far as a nature of the excited atates in the second well of Ils-
sion barrier is concermed, the experimental data on these states
are deacribed perfectly well by the theoretlcal mechanism deve-

loped by Lymm [S] and Welgmarm [10].

4. Conelusion

The data of our measurements on the capture 7-ray specira of
238; 4n the neutron energy Tange between 400 eV and 1300 eV
shows that the 721.6 eV rescnance 1s predominantly e¢lass-IT
state by nature, whereas the 1211.4 eV rescnance pessessed the
properties of usual s-wave resonance - class-I state. Apparent-
1y, the true class-II rescnance within the 1210 ¢V cluster 1s

st1ll undetected.
The authors would like to thank G.A. Petrov for the support

of this work. We are indebted to H. Welgmarm for his comments
about the experimental results.
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