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1. Introduction

The cross-sections and abundances of xenon isotopesl indicate
that studies performed with a target of natural composition essentially
give information about the 123Xe Jn,y/ 13°Xe and 131Xe /n,y/ 132Xe
reactions. Natural xenpn contains 26,44% 129Xe and 21,18% 131Xe, which

have thermal neutron cross-sections of 21 and 110 barns, respectively.

Earlier measurements on the capture gamma rays from natural
xenon have been carried out by Bartholomew et al.2, Monaro et al.3 and

Kane4- In these studies no more then 19 transitions were observed.

In order to establish the nuclear level schemes of 130Xe and
132Xe, several authors5 have investigated the decay of 1301, 130Cs and
1321, 132cs. The nuclear levels in 130Xe and 132Xe studied by radioactive
decay have positive parities. The very intense primary El transitions
from the capturing state reach levels with negative parity, which may
not have been seen in radioactive decay because of spin and parity selec-
tion rules.

2. Experimental method /

<In order to obtain an improved thermal neutron beam from the
WWRS-type Hungarian research reactor, a selector was used at one of the
horizontal channels. The thermal neutron flux at the target position was
about 3.106 n/sec. cm2. The target consisted of 1 g of sotid XeF2 in a
quartz capsule. The neutron capture gamma-rays were detected ac 90° with
respect to the direction of the neutron beam. The single gamma-ray
spectra were obtained with 4, 10 and 30 cm Ge/Li/ detectors shielded
against background radioactivity by lead. The target was surrounded by a
6 mm thick metallic 6Li cylinder. The pulses from the detector were
applied to a FET preamplifier and accumulated in a 512-channel LABEN
analyser.

The gamma-ray spectra from 0,2 to 9,3 MeV were taken in two parts:
from 0,2 to 3 MeV and from 3 to 9,3 MeV. The energies and photopeak
efficiencies in the low-energy region were obtained by using a series of



radioactive isotopes: 2Na, °Co, Co and Na. In the high-energy
region, the y-ray energies were calibrated by using CI, Co and Cr
In,yl reactions the measured spectrum being freed from background peaks
originating from neutron capture in aluminium, silicon and iron.

In order to determine the energy and intensity of the transitons,
the peaks appearing in the measured spectrum were fitted by a series of
Gaussian curves and the background was approximated by a low-order
polynomial.

3. Result

The observed gamma-ray energies and intensities for the xenon
are listed in Tables 1 and 2. The single spectra of the low-and high-
energy regions are shown in Figs, 1/a and b. and Fig. 2/a and b, while
the level schemes of 330Xe and 332Xe are presented in Fig. 3 and Fig. A,
respectively. The levels and gamma transitions shown on the level schemes
are"derived from R-decay, from /a2n/, reaction and from /n,y/ reaction as
well as the result of our measurement.

~A29Xe In,y/ 130Xe reaction: Since the ground state of "~29Xe has
spin and parity 111 = 1/2+, the capturing state of "3*Xe resulting from
the capturing s-wave neutron in *29Xe has spin and parity Jw=0+ and/ or,
1+ . The spins and parities of the four levels found in R-decay are 2+,
4+, 5+ and 6+,which belong to energy levels 539, 1207, 1950 and 2369 keV,
respectively, with the spin and parity of the ground state 0+. The energy
levels found iIn the /a,2n/ reaction are 1122, 2059 and 2696 keV. In our
measurements we found two intense energy transitions of 9301,4 and 8759,4
keV emitted from the capturing state to the ground state and to the first
excited state;respectively. These two relatively intense transitions are
assumed /on grounds of spin and parity selection rules/ to be MI, so the
spin and parity of the capturing state is strongly supposed to be 1+.

The neutron binding energy can be deduced from the direct
ground-state energy transition of 9301,4 + 2,1 keV, as well as from the
double cascade 8759,4 + 5,5 keV - 537,4 +0,2 keV/see Fig. 3. The mean Q
value is found to be 9300,7 + 1,8 keV.

" The other transitions assigned in Table 1 and Table 2 have been
determined from the known energy levels of 130Xe showed in our decay scheme.
The 6271,4 keV - 3030,8 keV cascade proves the existence of a new level of
3030,8 keV. The 1928/4 keV level, which decays to the ground state, is
populated by a relatively intense primary energy transition of 7369,2 keV.
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~nXe /n,y/ 132Xe reactions The capturing state in 332Xe
produced in the /n,y/ reaction has spin and parity 1 and/or 2 . The
energies, spins and parities of the lowlying levels in 132Xe have been
deduced from the R-decay of 132X and the gamma-radiations following R-
decay. These levels shown in the level scheme /see Fig.4/ have positive
parities. Since the parity of the capturing state is positive, the
primary transition to these levels should be MI or E2. Supposing the
parity of the capturing state is 2 , it seems to be clear that there is
no primary transition to the ground state of 0+, otherwise the
multipolarity of this transition would be E2, which is too weak to be
detected.

A relatively intense primary transition of 8272,8 keV to the
first 2+-excited state of 668,9 keV was observed. Since the multipolarity
of this transition is assumed to be MI, the spin and parity of the captur-
ing state are very probably 2+.

Considering the 2472,5 keV and 2559,9 keV, levels of energy, we
may conclude the following. The primary transitions to these two levels
have been observed to occur with very high intensities. Assuming that the
multipolarity of these two transitions /6467,5 and 6380,1 keV, respec-
tively/ has an electric dipole character, the parities of these two levels
should be negative. The 2472,5 keV level which is prominently populated
by the primary 6467,5 keV transition, is deexcited by 1031,5 keV to the
1440,7 keV level of spin and parity 4+, and by 1804,2 keV to the 667,8
keV level of spin and parity 2+. Since the intensities of 1031,5 keV and
1804,2 keV are high, we may assume tjhat the spin and parity of the 2472.,4
keV level is 3~. j

Using the selected 6467,5 kiav-1031,5 keV-668,9 keV cascade and
the double cascade via the 667,8 keV level, which decays to the ground
state by a very intense y-transition of 668,9 keV, a mean Q value of
8940,6 + 1,1 keV could be deduced for the ~33Xe /n,y/ ”~32Xe reaction. This
average value is used in the level scheme /Fig. 4./ in order to extract
the excitation energies of the 132Xe levels which are directly populated
by high-energy y-lines. The proposed level scheme of 132Xe shown in the
figure is based heavily on the energy-sums of the possible cascades and
intensity considerations.
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Gamma-rays from Xe /n,y/ reaction

Energy
/keV/

384,2
401,7
430,5
481,8
524,3
537.,4
571,1
600,2
631,5
668,9
751,8
760,9
773,9
812,7
832,1
848,3
869,9
895,3
958,9
992,0
"1011,9
1031,5
1072,0
1098,9
1124,1
1139,5
1156,7
1173,0
1204,6
1261,3
1291,3
1297,8
1319,9
1366,3
.379,4

lo

Table

Error
/keV/

1,5
1,5
1,5
1,0
1,5
0,2
2,5
0,7
0,3
0,1
1,0
1,8
0,2
0,7
1,2
1,0
0,5
0,9
0,8
1,5
1.4
0,5
1,2
0.4
0,8
0,5
1.4
1,1
0,8
1,0
0,3
0,5
0,5
3.3
0,3

1

In the low-energy region

intensity
/rel ./

0,8
1.3
1,1
15,7
3,4
24,4
1,3
14,2
18,3
100,0
2,3
1,4
27,8
1,3
0,6
.0,8
4,1
1,7
1,7
1,1
0,6
6,2
0,8
2,3
2,0
3,8
3,1
2,8
4,0
1,6
8,6
14,9
15,1
0,9
2,0

131Xe
ijlXe
JilXe
131Xe

131Xe
ijiXe
ljixe

129xe
i31Xe
129Xe

131Xe

131Xe
1JiXe
i3iXe
iJiXe
i31lXe

Assignment

/mn,y/
/n,yY/
/n,Y/
/n,Y/
/n,y/
/n,yY/
/n,Y/
/n,Y/
/ny/
/n,yY/
/ny/rs
/n, Y/
/n,yY/
/my/
/n,yY/
/n, Y/
/n, Y/

/n,y/

/n,y/
/n»Y /
/n,Y/

mn,y/
/n,y/
/n,yY/

/nyY/r/

/m,y/
/mny/r/
/n, Y/
/nyY/
/mn,y/



Line
no

BISHLIR

59.

61.

IBRR BB

68.
69.
70.
71.
72.
73.
74.

Energy
/keV/

1402,3
1417,7
1465,2
1473,0
1484,8
1502,4
1522,7
1560,8
1598,2
1603,6
1608,2
1617.,4
1624,0
1637,4
1648.,4
1656,3
1691,9
1698,2
1715,0
1725,0
1759,1
1770,7
1791,5
1804,2
1853,4
1861,2
1890,1
1899,8
1928.,4
1945,9
1957,8
1975,1
1987.,4
2030,6
2074.4
2094.8
2170,8
2194,6
2209,6

11

Error
/keV/

2,0
1,6
1,5
5,6
1,0
2,0
1,0
1,0
2,6
3.4
1,9
0,9
1,0
1,0
1.8
2,4
1,0
2,6
1,0
0.5
1,0

1,2

3.0
0.5
2,3
1.4
0.5
1,5
1,6
1.1
1,0
2,5
1,0
0,7
2,6
0,8
1,0
1.4
1,6

Intensity .Assignment
/reL./

1,1 131Xe In,y1

1,3

2,4 ljiXe In,y1

0,8 ijiXxe In,y1

3,5 i3iXe In,y1l

2,4

4,1 ljiXe In,y1

1,4 131Xe In,y1

1,6

1,1

3,0

2,5 ijixe In,yl

2,3 i31xe In,yl
ijixe In,y/

0,6 131Xe 1n,y1

1,0

0,8 i31Xe In,y1l

1,4

3,0 i3xXe In.yl

1,4 1jiXe In,yl

2,2 131Xe In,yl

4,9 i31Xe In,y1

1,5 129Xe In,yl

1,0 i3iXe In,yl

2,8 131Xe In.yl

1,0 131Xe In,yl

0,8 129Xe In,yl

1,6 i3iXe In,yl

2,1 131Xe In,yl

1,3 i3iXe In,yl

3,2 131Xe puyy 1

1,8

0,5

1,9 129Xe In,yl

2,6

1,2 ijiXxe In,yl

2,0 13iXe In,yl
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no.

Energy
/keV/

2225,2
2268,3
2292.5
2519,1
2539,2
2575,3
2929,5
2977,1
3030,8

Error
/keV/

0,5
2,7
1.5
0,6
1.4
1.5
0,9
2,0
1,7

Intensity
/rel_/

15,7
0,7
1,1
2,6
1,9
1,0
3,0
1,6
2,0

Assignment

131Xe
ljiXe
i JAXe
131Xe

131Xe
iJlXe

129Xe

In,yl
/m,y/

In,y/

/n,y/

/m,y/
/n, Y/

/m,y/
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Table 2

Gamma-rays from Xe In,yl reaction

Energy
/kev/

3356,5
3529,2
3588,6
4836,6
4860,6
4902,2
5004,0
5027,9
5074 .4
5099,9
5139,3
5207.4
5236,8.
5268,4
5340,9
5389,9
5403,8
5427,9
5475,1
5515,2
5693,7
5703,8
5721,0
5755,8
5886,6
5919,1
5958,5
6063,6
6109,1
6167,2
6184,1
6225,9
6247,1
6271.,4
6318.4

Error
/keV/

4,5
2,6
4,2
2,0
4,6
2,0
8,3
5,9
2,0
3,5
2,1
2,1
2,0
3,8
7,1
2,2
4,1
1,6
5,7
2,8
2,6
3,3
2,0
1,1
2,7
1,3
3,2
2,7
1,3
4,5
3.8
3.3
3,0
2,3
3,4

In the high-energy region

Intensity

7,1
22,8
4.8
5.0
6.4
4,0
5,2
2,0
9,3
4,7
3,6
3,9
5.0
2,5
4,1
1.8
7,5
2,9
5,6
12,2
4,1
4.4
3,1
17,3
3,0
5,4
2,3
3,1
10,0
5,0
3.4
2,9
7,5
6,0
4,0

131Xe
131Xe
131Xe

131Xe

131Xe
1 3
131Xe
131Xe
131Xe
131Xe
131Xe

131Xe

129Xe

Assignment

/n,y/
In,yl
/m,y/

In,y/

/n,y/
/n,Y/
/n,y/
/n, Y/
In, yl
In,y/
In,yl

In, yl

In, y1

«
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37.

39.

41.

S5 EBR

Energy
/kev/

6380, 1
6423,9
6467,5
6526,3
6593,8
6622,6
6709,6
6749,9
6784,8
6891, 1
6958,0
7141,1
7180,5
7204,3
7239,9
7369,2
7413,2
7687,2
7794,4
7920,4
8109,3
8272,8
8319,8
8394,8
8584,0
8759,4
9301,4
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Error
/keV/

1,0
4,5
1.0
3,7
3.5
2,5
5,0
3.5
2,9
3.5
3,1
3.5
4,5
2,0
2,5
1,7
2,3
6.0
3,1
2,0
5.5
1.4
4,5
5,0
5,0
5,5
2,1

Intensity

21,3
3,4
100,0
2,4
1,4
3,5
2,0
2,7
4,7
2,1
2,5
5,4
1,7
3,3
2,2
2,0
2,6
1,4
1,0
2,6
2,1
10,1
2,7
2,5
2,9
0,3
4,8

Assignment

131Xe
iJiXe
131Xe
1J1Xe

XJ1Xe
+XXXe
13iXe
ijiXe
+JiXe
i31Xe
1jiXe
131Xe

i3iXe
129Xe

131Xe

131xe
ijixe

129Xe
129xe

/n,Y/
/mn,Y/
/n,yY/
/n,Y/

/n,Y/
/n, Y/
/n,yY/
/n, Y/
/n, Y/
/n,Y/
/n,Y/

In,it

/n,Y/

/n,Y/

/n,yY/

/n,Y/
/n,Y/

/n,yY/
/n, Y/
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FIGURE CAPTIONS

Single y-ray spectrum of natural Xe in the energy range 0,2 to 1.4
MeV. The numbers assigned to the peaks correspond with those of
Table 1. The symbol H denotes background energy peaks.

Single y-ray spectrum of natural Xe in the energy range 1.3 MeV.
See Fig. la for the meaning of numbers and symbols assigned to the
peaks.The electronical settings and the measuring time are
different from these of Fig. la.

Single y-ray spectrum of natural Xe in the energy range 4.8 to 9/3
MeV. The numbers assigned to the peaks correspond with those of
Table 2. H denotes background peaks.

Single y-ray spectrum of natural Xe in the energy range 3 to 7.3

MeV. See Fig. 2a for the other symbols. The electronical set-
tings and the measuring time are different from those of
Fig. 2a.

Proposed level scheme of ~°Xe deduced from the present /n,y/ study.
Energies are quoted in keV, a/ indicates the levels deduced from
8-decay and /a,2n/ reaction. The arrow width gives a rough indica-
tion of the transition intensity.

Proposed level scheme of 132

Xe deduced from the present In,yl study.
Energies are quoted in keV, a/ indicates the levels deduced from

B-decay. The arrow width indicates roughly the transition intensity.
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ABSTRACT

The gamma radiations following thermal neutron capture in
natural xenon have been studied using a Ge/Li/ spectrometer at WWRS type
research reactor. Solid XeF- was used as the target. The gamma energies
and intensities of 145 transitions in the energy range 0,2 to 9,3 MeV were
determined. The energies have been obtained with an accuracy ranging
between 0,1 kaV for intense transitions and 5 keV for very weak transi-
tions. The neutron separation energies of 13oxe and ”~32Xe have been deduced
to be 9300,7 + 1,8 keV and 8940,6 +1,1 keV, respectively.

PE3OME

Buau M3MepeHs ramma-nyuyum npu 3axBaTe TennoBHX HEATPOHOB Ha ecTe-
CTBEHHOW CcMecu M30TONOB Xe C NOMOWbK cnekTpomeTpa Ge/Li/ . [lon n3mepeHu-
AX O0bN0 WCNONb30BAHO TBepjoe coefuHeHue Xe. B obnactu 0,2 - 9,3 Mas 6bu
OnpefeneHs 3HepPrus M WHTEHCUBHOCTbL 145 nepexofoB. MOrpewHOCTb MO 3HEPTuM
-0,1 K3B B CnAyyae CWANbHLIX NepexodoB, WM 5 K3B npu cnabux nepexogax. buna
onpegeneHa 3HepPrua cBA3M HeliTpoHOB u3o0TonoB 430xe u 132Xe: 9300,7*1,8 k9B
n 8940*1,1 k3B. n

KI1VONAT

Termikus neutron befogasat kévetd gamma sugarzast vizsgaltunk ter-
mészetes xenon esetén Ge/Li/ spektrométer segitségével. A vizsgalatokhoz
szilard xenon vegylletet hasznaltunk. 0.2 - 9.3 MeV energia tartomanyban
145 &atmenet energiajat és intenzitasat hataroztuk meg. Az energia mérés hi-
baja intenziv atmenetek esetén 0,1 keV, mig gyenge atmenetek esetén-5 keV.
Meghataroztuk a neutron kotési energiajat *3oXe és -—-32Xe esetén és azt
9300.7 + 1,8 keV ill. 8940,6 + 1.1 keV - nek talaltuk.
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