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Thermal neutron capture ~-ray spectra for '%"¥0 and ?H have been measured with guided
cold neutron beams from the Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM II) reactor
and the Budapest Research Reactor (BRR) on natural and 17,180 enriched D20 targets. Complete
neutron capture y-ray decay schemes for the %78 0(n,y) reactions were measured. Absolute tran-
sition probabilities were determined for each reaction by a least-squares fit of the y-ray intensities
to the decay schemes after accounting for the contribution from internal conversion. The transi-
tion probability for the 870.76 keV y-ray from °O(n,y) was measured as P.(871)=96.6+0.5% and
the thermal neutron cross section for this «-ray was determined as 0.164+0.003 mb by internal
standardization with multiple targets containing oxygen and stoichiometric quantities of hydrogen,
nitrogen, and carbon whose ~-ray cross sections were previously standardized. The ~-ray cross sec-
tions for the '*¥0(n,y) and *H(n,y) reactions were then determined relative to 870.76-keV ~-ray
cross section after accounting for the isotopic abundances in the targets. We determined the follow-
ing total radiative thermal neutron cross sections for each isotope from the ~-ray cross sections and
transition probabilities; oo (**0)=0.17040.003 mb; o¢(*70)=0.67+0.07 mb; o¢(**0)=0.141+0.006
mb; and oo (*H)=0.48940.006 mb.
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I. INTRODUCTION

The hydrogen and deuterium thermal neutron cross
sections are very important for many nuclear applications
including neutron moderation and the design of heavy
water reactors. Oxygen is the most abundant element
in the Earth’s crust and, despite its low thermal neu-
tron cross section, it remains an important component
of many neutron transport calculations. The deuterium
and oxygen thermal neutron cross sections are among the
smallest of all isotopes and they are difficult to measure
due to interference from other, higher cross section mate-
rials. Measurement of the thermal neutron cross sections
for the lower abundance 2H and '7-'%0 isotopes requires
the use of isotopically enriched targets.

In this work we have employed the Prompt Gamma-
ray Activation Analysis (PGAA) method [1] using guided
neutron beams from the 20 MW FRM II [2, 3] and 10
MW BRR [4] reactors to measure the total radiative
thermal neutron cross sections for 1517180 and 2H. The
PGAA method is advantageous over other techniques be-
cause the prompt v-ray cross sections can be internally
calibrated using compounds of well known stoichiome-
try containing isotopes with standardized ~-ray cross sec-
tions. For the lightest elements PGAA can measure com-
plete neutron capture v-ray decay schemes from which
the absolute transition probabilities can be determined.
The total thermal radiative neutron capture cross sec-
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tions can then determined from the ~y-ray cross sections
and the absolute transition probabilities. The 8O(n,y)
cross section can also be determined from the short-lived
90 (t1/2=28.66 s) y-ray decay cross sections and tran-
sition probabilities observed in the prompt spectrum.

II. EXPERIMENT

Neutron capture y-ray energies, intensities, and cross
sections were measured with the guided neutron beams
at the PGAA facilities of the FRM II and BRR reac-
tors. The target stations were 51 m and 30 m from the
reactor core and the neutron flux was 3x10'9 em 257!
and 5x107 cm™2s~! at the FRM II and BRR reactors,
respectively. Prompt gamma-rays from the target were
measured at both facilities with n-type high-purity, 60%
efficient, germanium (HPGe) detectors surrounded by an
annulus of 8 BGO scintillators connected in anticoinci-
dence mode for Compton suppression. A lead collimator
was placed in front of the detector to focus ~y-rays, irradi-
ated by the neutron beam, on to the detector. Counting
efficiency was calibrated from 50 keV to 10 MeV with ra-
dioactive sources and (n,7y) reaction y-rays to a precision
of better than 1% from 500 keV to 6 MeV and better
than 3% at all other energies [5]. The 7-ray spectra were
analyzed with the Hypermet PC [5, 6] peak analysis code.



TABLE . Standardization of the 870.76 keV ~-ray from
16O(n,fy). Measurements were performed on multiple samples
of the urea and Pb(NO3)2 targets

Standard (k]i’{/) 7+ (std) (mg),y(871)
H>O 2223(H) 332.5+£0.7 0.161£0.003
Urea-1 1885(N) 14.57+0.04 0.16840.006
Urea-2 1885(N) 14.57+£0.04 0.170+0.008
Urea-2 2223(H) 332.54+0.7 0.168+0.007
Urea-2 4945(C)  2.62+0.03  0.163£0.008
Pb(NO3)p-1  1885(N)  14.5740.04 0.155::0.006
Pb(NOs3)2-2 1885(N) 14.57+0.04 0.162+0.007
Weighted Average 0.164+0.003

A. Standardization

Standardization of the 870.76 keV y-ray from 50(n,y)
was performed by measuring the prompt vy-ray spectra
from HyO, urea CH4N20O, and Pb(NO3), targets. The
data were standardized with respect to the 2223.2487
keV ~-ray from 'H(n,y), the 4945.30 keV ~-ray from
12C(n,y), and the 1884.85 keV ~-ray from 4N(n,y).
These v-ray cross sections are shown in Table I. The
hydrogen v-ray cross section is derived from the recom-
mended [7] total radiative thermal neutron cross section,
00(1H)=332.6+0.7 mb [7], corrected for internal pair
formation (IPF), where a;pr=3.32(5)x10"% [8]. The
870.76 keV ~v-ray cross sections derived from these stan-
dardizations are shown in Table I. The weighted average
of seven measurements is 0((871)=0.164+0.003 mb with
a x2/f=0.54. A high level of confidence can be accorded
to this result due to the number of self-consistent val-
ues obtained through multiple independent calibrations.
This ~-ray was used to standardize the cross sections
from the 17180(n,y) and 2H(n,7) reactions.

B. Cross section measurements

The ?H and 617180 thermal neutron capture ~-ray
intensities were measured using a natural and two 17180
enriched DyO targets whose compositions are described
in Table II. The '"'80 enriched targets were provided
by the Paul Scherrer Institiit and were calibrated us-
ing a sector field mass spectroscopy. The targets were
~3 mm thick and corrections for y-ray attenuation were
only necessary for E, <100 keV. As discussed later in
this paper all y-rays observed were >500 keV, requir-
ing no correction, except for two low energy transitions
in O whose intensities could be confirmed by inten-
sity balances. Both targets were irradiated for 118801 s.
The deuterated targets were enriched to >99.9% in deu-
terium. The ~-ray cross sections, o, for '©180(n,y) and
2H(n,y) reactions were then determined from their in-
tensity ratio to the 870.76 keV ~-ray from O(n,y) after
accounting for the target isotopic abundances.

Each of the (n,y) decay schemes discussed here is

TABLE II: D2O target compositions used in these experi-
ments. All targets were >99.9% enriched in *H.

Target %'°0 %0 %0
Natural Target® 99.75740.016 0.0384+0.001 0.205+0.014
Enriched Target-1  50.14+1.6 15.44+1.7 34.6+1.8
Enriched Target-2  58.5+1.6 10.2+£1.7 31.24+1.8

complete, as indicated by the intensity balance through
the level scheme. The absolute transition probabili-
ties, P, (%), were determined by a least-squares fit of
~v-ray intensities to the level scheme, constrained so
that for the capture state (CS) deexciting and ground
state (GS) feeding transitions X,(CS)=X,(GS)=100.0
and X (populating)-3, (depopulating)=0 for the inter-
mediate levels. The transition intensities were corrected
for internal conversion, which is dominated by internal
pair formation (IPF) at high energies, calculated with
the computer code BRICC [8].

The total radiative thermal neutron capture cross sec-
tions could then be calculated from the v-ray cross sec-
tions, 0, and the transition probabilities, P, by Eq. 1.

_ Oy
gy = 100 x P,y(%) (1)

The uncertainties in the total radiative thermal neutron
cross sections arise from the uncertainty in the standard-
ization v-ray cross section, shown in Table I, statistical
uncertainty in the ~-ray peak analysis, and uncertainty
in the isotopic branching ratios of the target.

A
L o
QST °
o3P &
%)
SOSHRI
1/2+ & 4143.27
1/2- \|, VT 3055.37
& - 0.08 ps
&
5/2+ ¥ 0.0 stable
17
809

FIG. 1: The 'O level scheme produced by the **O(n,y) re-
action. Total transition probabilities, 1., are shown.

1. *0(n,y) cross section

A D20™ target was irradiated for 83060 seconds in
the cold neutron beam at the FRM-II reactor. Five -
rays were placed in the °O(n,y) level scheme and are
shown in Fig. 1. The ~-ray intensities were fitted to the
level scheme determining the transition probabilities with
a x?/f=0.74 which are summarized in Table III. The
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FIG. 2: The 0 level scheme produced by the 17O(n;y) reaction. Total transition probabilities, 1,4, are shown.

TABLE III: y-ray energies, intensities, and transition proba-
bilities for the **O(n,y) reaction.

E, (keV) Mult 1CC T P (%)"
870.76+£0.08 E2  8.85x10 ° 100.040.8  96.6£0.5
1087.86+0.08 E1 ~ 2.31x10°° 83.8+0.6  80.4+0.5
2184.44+0.09 E1  7.7x107% 84.841.2  80.4+0.5
3272.1540.10 M1 7.6x107* 16.940.5  16.2+0.4
4142.734£0.13 E2 0.00122 35403  3.36:+0.24

¢ Constrained least-squares fit to the level scheme with a
X2 /f=0.74.

160 total radiative neutron capture cross section was de-
termined from Eq. 1 as 0¢(1°0)=0.17040.003 mb based
upon o, (872)=0.164+0.03 mb and P (872)=96.610.5%.
This value is consistent with 0.178+0.025 mb, measured
by Jurney [10], but it is lower than 0.2024+0.028 mb,
from McDonald et al [11], and 0.18740.010 mb, from
Wiist et al [12]. The McDonald et al measurement was
standardized assuming oo (*H)=0.521+0.009 mb, how-
ever using our new value 0.489+0.006 mb, discussed be-
low, their value becomes 0.190+0.026 mb which is con-
sistent with our measurement. The Wiist et al value as-
sumes P (872)=82+3% and correcting this for our newer
value gives 0.159£0.006 mb, slightly lower than our value.

The neutron separation energy determined in this ex-
periment, S,,=4143.27£0.13 keV, is slightly higher than
the 4143.079+0.001 keV value recommended by the
atomic mass evaluation [13].

2. TO(n,y) cross section

The neutron capture decay scheme for the 7O(n,y)
reaction is shown in Fig. 2. It consists of 42 v-rays
including 12 weak transitions, not observed here, that
were adopted from the ENSDF Adopted Levels, Gam-
mas [9]. The 7-ray intensities measured on the two
targets and the transition probabilities, fitted with a
x2/f=1.22, are summarized in Table IV. The y-ray
cross sections measured for the more intense transitions
on each target are shown in Table V. The total ra-
diative thermal neutron cross sections, ao(170), calcu-
lated for each y-ray, are consistent for each target giving
a weighted average value of oo (170)=0.6440.08 mb for
Target-1 and o (170)=0.76+0.13 mb for Target-2. Both
targets have a statistical uncertainty of 1.4% and a stan-
dardization uncertainty of 4%, but the main source of
uncertainty is from the '"O abundance in each target,
12% for Target-1 and 17% for Target-2. The weighted
average total radiative neutron cross section from both
measurements is 0o(170)=0.67+0.07 mb. This value is
consistent with the only literature value by Lone and In-
glis [14] of 0¢(%0)=0.544-0.06 mb.

The neutron separation energy, S,,=8046.04+0.11 keV,
determined in this experiment is significantly larger than
the 8045.36940.001 keV value reported in the most re-
cent atomic mass evaluation [13].

3. 80(n,y) cross section

The neutron capture decay scheme for the *¥0(n,y) re-
action consists of 11 v-rays, shown on the level scheme
drawing in Fig. 3. The ~-ray intensities, and transition



TABLE IV: y-ray intensities and transition probabilities for the '"O(n,y) reaction.

E

I P, (%)

v v
(keV) Mult 1CC Target-1 Target-2 Average Fit® Comment
536.24+0.22 E1 1.10x107°  1.5+0.6 1.5+0.4 1.5£0.3
797.9£0.4 El 4.31x107% 0.46+0.23 0.46+£0.23  0.26%0.19 b
822.25+0.06 E1 4.04x1075%  31.242.4 2543 28.5+1.8 24.9+0.5 ¢
861.7+0.4 E1l 3.66x107% 0.16+0.04 0.16£0.04  0.14£0.03 b
880.4+0.4 El 3.50x107%  0.41+0.06 0.41£0.06  0.35£0.05 b
944.24+0.4 E1l 3.04x107% 0.53+0.07 0.53£0.07  0.47£0.06 b
1074.27+£0.16 M1 3.46x107%  1.940.5 1.940.5 1.7£0.4
1177.8+£0.4 E1 4.76x107°  2.440.6 1.6+£0.8 2.1+0.5 2.3+0.4
1334.1£0.4 M1 2.78x107°%  1.5+0.4 2.3+0.8 1.7£0.4 1.2+0.3
1457.69+0.22 M1 5.34x107°  2.6+0.6 2.61+0.6 2.1+£0.4
1542.6+0.3 E1 3.03x107*  0.6+0.2 0.610.2 0.7%0.2 bc
1572.98+0.16 E2 1.20x107*  8.940.6 8.3+0.8 8.7+0.5 6.3+0.3
1610.5+0.3 E1 3.57x107*  1.5+0.5 1.5+0.5 1.5£0.4 b
1620.1+£0.4 E2 1.40x10™*  0.1840.10 0.18+£0.10  0.14£0.09 b
1651.77£0.05 E2 1.53x107*  29.040.6 2643 28.9+0.6 25.3£0.5
1695.85+0.08 E1 4.23x107*  14.240.8 2243 14.840.8 12.540.6
1698.9+0.4 E2 1.74x10™*  0.184:0.10 0.18+£0.10  0.17£0.09 b
1742.03+£0.13 M1 1.44x10™*  0.6040.07 0.60£0.07  0.52£0.06
1847.53+0.1 E1 5.35x107%  13.440.8 18.1+1.3 14.7+0.7 12.840.4
1893.71+£0.11 M1 2.01x107*  1.4+40.5 1.4+0.5 1.7£0.4 b
1937.77+£0.22 M1 2.18x107*  20.94+1.8 20.2+2.3 20.1+1.4 16.34+0.9
1982.06+£0.05 E2 3.06x10"*  100.042.0 10044 100.0£1.8 85.8+1.1
2429.89£0.23 E1 9.28x10"*  10.5+1.6 11+£3 10.8+1.4 7.240.7 c
2473.94£0.06 E1 9.56x10"*  14.640.6 23.0£1.0 16.84+0.5 14.84+0.4 ¢
2515.25+£0.15 E1 9.82x107*  6.7+0.5 6.7+0.5 5.940.4 b
2564.24+0.14 E1 0.00101 0.3740.05 0.37+0.05 0.32+0.04
2668.03+£0.08 M1 5.20x107%  13.440.6 8+4 13.2+0.6 11.7+0.4
2709.1+£0.4 E2 6.55x107%  0.8140.20 1.04+0.3 0.81+0.20  0.73£0.09
2791.6+04 M1 5.71x107%  2.240.4 1.84+0.5 2.1+£0.3 1.94+0.23
2947.9+0.3 E1 0.00121 10.3+1.2 10.6+0.8 10.5+0.7 9.0£0.5
3115.5+0.3 E1 0.00199 6.3+0.8 6.3+0.8 6.1+0.5
3271.740.4 MI+E2 7.62x10"*  0.840.4 0.84+0.5 0.840.3 0.60£0.23 ¢
3354.2+04 E2 9.33x10"*  0.59+0.10 0.59+£0.10  0.51£0.08 b
3395.29£0.11 M1 8.06x10™*  11.6+0.5 9.840.8 11.1+0.4 9.6+0.3
3548.06£0.16 E1 0.0015 2.940.5 2.9+0.5 2.6+0.4
3589.37£0.08 E1 0.00152 4444 4445 4443 36.7£1.2 c
3633.64£0.07 EO 0.087+0.018 0.087+0.018 0.076+£0.015 b
3919.6+0.22 E2 0.00114 3.3+£0.4 3.3+£0.4 2.7+0.3
4125.4940.22 M1 0.00106 3.4+0.5 4.7+1.0 3.6£0.5 3.240.4
4367.38+0.12 E1 0.00182 3.84£0.5 3.84£0.5 3.6£0.4
4490.224+0.17 M1 0.00118 4.940.6 4.940.6 5.44+0.4
6197.28+£0.14 E1 0.00234 12.0+0.8 16.0£1.3 13.1+0.7 11.4+0.4 ¢

“ Constrained least-squares fit to the level scheme with a x*/f=1.22.

® From ENSDF Adopted Levels, Gammas [9].

¢ Cross section corrected for contaminant contribution.

probabilities, fitted with a x2?/f=1.25, are summarized in
Table VI. The 18.1-keV transition was not observed in
these experiments and its transition probability is cal-
culated from the decay scheme intensity balance as de-
scribed above. Transition intensity for the 94.94-keV ~-
ray, 96.3+1.2%, was increased by 24+1% [1] to account for
self absorption in the target. This transition probability
can also be calculated from the intensity balance yield-
ing the remarkably similar value of 96.3+1.4%. The y-ray
cross sections for the stronger transitions are summarized

in Table VII. The total radiative thermal neutron cross
sections are internally consistent for each target giving a
weighted average value of o¢(1*0)=0.1404-0.004 mb for
Target-1 and o (1*0)=0.14440.007 mb for Target-2 in-
cluding 2% and 6% statistical uncertainties for Target-1
and Target-2, respectively, and a 3% standardization un-
certainty. The weighted average cross section, adding a
6% uncertainty in the isotopic abundance, is 0.142+0.07
mb.

The 8O(n,7) cross section can also be determined by



TABLE V: 17O(n,’y) ~-ray cross sections measurements and the 17O total radiative neutron cross section.

Target-1 (mb)

Target-2 (mb)

E, (keV)
oy oo oy 00

822.25+0.06 0.176+£0.014 0.71+0.07  0.24240.019 0.85£0.07
1651.774£0.05  0.163£0.003 0.65+0.02  0.22540.005 0.78+0.02
1695.85+0.08 0.080+0.005 0.6440.05 0.110£0.006 0.7440.06
1847.53+0.1 0.075+£0.005 0.5940.05  0.10440.006 0.71+0.05
1937.77+0.22 0.118+0.010 0.7240.08 0.162+£0.014 0.7940.08
1982.06+0.05  0.563+0.011 0.66+0.02  0.77540.016 0.78+0.02
2473.94+0.06 0.082+0.003 0.56+0.03 0.113£0.005 0.684+0.03
2515.25+0.15 0.037£0.003 0.64+0.07 0.052+0.004 0.784+0.08
2668.03+0.08  0.0754+0.003 0.64+0.04  0.104+0.005 0.7840.04
2947.940.3 0.058+0.007 0.65+0.09 0.080+0.009 0.76+0.10
3115.54+0.3 0.035+£0.005 0.584+0.11  0.04940.006 0.78+0.12
3395.2940.11 0.065+£0.003 0.68+0.04 0.090+£0.004 0.81+0.04
3589.374+0.08  0.2484+0.022 0.68+0.08  0.341+0.030 0.7840.07
6197.2840.14  0.0674+0.005 0.59+0.05  0.093+0.006 0.71£0.05

Weighted Average 0.67+0.07 0.76+0.13

TABLE VT: Transition probabilities for the '*O(n,y) reaction.
L

By (keV)  Mult  ICC Target-1 Target-2 Average Py (%)
18.14+0.1° E1l 0.512 40.84+1.2
94.9440.09 M1 0.00067 100.042.6 100.0+2.6  96.3+1.2
729.34+0.07  E1 0.000005 16.0+£0.9 16.5+1.1 16.2+0.7 16.5+0.5
1375.8£0.06 M1 0.000035 36.94+1.5 37.5+1.5 37.2+1.1 36.41+0.6
1471.6+0.4 E2 0.000080 0.7£0.1 0.7+£0.1 0.7+0.1 0.7£0.1
2473.96£0.03 M1 0.00096 19.9+£1.5 22.8+1.1 21.840.9 20.74+0.7
2492.13£0.1 M1 0.00045 17.7£0.9 15.4+1.5 17.14+0.8 16.4+0.6
3137.58+£0.21 E1 0.00131 19.2+1.1 18.0+1.1 18.6%+0.8 16.5+0.5
3849.49£0.15 E1 0.00162 38.0+1.1 39.3£1.1 38.6+0.8 37.940.8
3867.6+0.3 M1 0.00097 5.7+£0.8 5.2+1.1 5.54+0.6 5.4+0.6
3945.1+0.4 E1 0.00166 2.6+£0.7 4.1£1.1 3.0+0.6 2.9+0.6

“ Constrained least-squares fit to the level scheme with a x*/f=1.25.
® Transition not observed. The transition probability is inferred from
the decay scheme intensity balance.
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%An additional 6% is added for the uncertainty in the abundance.

mb. From ENSDF we get P,(1357)=50.4+1.1% [15].
Target-1 gives 00(180)=0.141£0.011 mb and Target-2
gives 00('*0)=0.14140.014 mb. The statistical, sys-
tematic and standardization uncertainties for these val-

activation analysis from 2O B~ -decay (t1/2=28.66 s).
We observe the 1357.32 keV ~v-ray from this decay in
the same spectrum as the prompt ~-rays. Target-1 gave
0,=0.07140.003 mb and target-2 gave 0,=0.07140.005



TABLE VIII: Determination of the deuterium ~-ray and total
radiative thermal neutron capture cross sections.

Calibration Standard o~(6250)

Isotope  E, o~ (mb) (mb)
Target-1 °O  870.76 0.164+0.003 0.48140.020
Target-2  '°0  870.76 0.164£0.003  0.483+0.020
Urea MN  1884.85 14.5740.04  0.497-+0.009
Urea 120 4945.30  2.6240.03  0.478+0.012

Weighted Average 0.4884+0.006“

“ Correcting for the internal pair formation coefficient
arpr=0.00164 gives oo(D)=0.489+0.006.

ues are the same as for the prompt ~-ray measure-
ments. The weighted average of the four measurements
of the ¥0(n,y) total radiative neutron cross section is
00(*0)=0.14140.006 mb

Three values from the literature, oo(**0)=0.2240.04
mb by Seren et al [16], 00(**0)=0.16+0.01 mb by Blaser
et al [17], and o0(*¥0)=0.164-0.01 mb by Nagai et
al [18] are all considerably larger. The value from Nakai
et al was standardized with respect to °O assuming
00(160)=0.187+0.010 mb. Renormalizing their value to
our new 0 cross section gives oo (1¥0)=0.1440.01 mb
which agrees with the value determined here.

The neutron separation energy S,,=3963.18+0.19 keV
determined in this experiment is significantly higher and
more precise than the 3955.64+2.6 keV value reported in
the most recent atomic mass evaluation [13].

4. Deuterium cross section

The deuterated 1617180 targets where enriched to
>99.9% in deuterium. The D(n,y) 6250.24 keV ~-ray
cross section can be determined from its intensity ratio
to the 870.76 keV y-ray from °O(n,y), whose cross sec-
tion has been discussed above, after correction for the
160 abundance in each target. We have also measured
this cross section with a deuterated urea target which
can be standardized with respect to both nitrogen and
carbon v-rays. The measurements of the o (6250) from
these experiments are summarized in Table VIII.

The four measurements are consistent and give a
weighted average value of o, (6250)=0.488+0.006 mb in-
cluding a statistical uncertainty of 1% and a calibra-
tion uncertainty of 0.7%. This cross section must be
corrected for internal pair formation, a;pr=0.00164, to
obtain the total radiative neutron capture cross section
00(D)=0.489+0.006 mb. Previous measurements of the
deuterium cross section are summarized in Table IX.
Most earlier measurements are higher than the current
value but the more recent values of Alfimenkov et al [19]
and Jurney [20], adopted by Mughabghab [7] are consis-
tent with our new value.

TABLE IX: Deuterium cross sections measurements.

Cross Section

Reference (Year) Method

(1mb)
Sargent (1947) [21] Pile Oscillator ~ 0.92+0.22
Kaplan (1952) [22] Diffusion” 0.57240.10
Jurney (1963) [10] Capture y-ray  0.60=£0.05
Trail (1964) [23] Capture y-ray  0.36£0.03
Merritt (1967) [24] Activation 0.50640.010
Merritt (1968) [25] Activation 0.521+0.009
Silk (1969) [26] Diffusion 0.52340.0.029
Ishikawa (1973) [27] Activation 0.55+0.10
Alfimenkov (1980) [19] ~ NTOF 0.487-£0.024
Jurney (1982) [20] Capture y-ray  0.508+0.015
Mughabghab (2006) [7] Compilation 0.508+0.015
This work Capture y-ray  0.489+0.006

“ Neglects the contribution of oxygen.

III. CONCLUSIONS

The total radiative neutron capture cross sections for
16,1718 and deuterium have been measured by the
PGAA method. Our new values are summarized in Ta-
ble X where they are compared with the recommended
values of Mughabghab [7]. Our new o values for 15180
and 2H were all significantly lower than most previous
measurements. Unlike earlier measurements we have
standardized our results using internal cross section cal-
ibrations to get internally consistent, redundant results.
These values were measured with two enriched targets
and gave statistically consistent results confirming the
reliability of the reported target isotopic abundances.

TABLE X: Total radiative neutron capture cross sections
measured in this work.

Cross Section (mb)

Isotope Atlas [7] This work
“H 0.508+0.015 0.489+0.006
160 0.190+0.019 0.170+0.003
70 0.538-+0.065 0.6740.07
80 0.16+0.01 0.14140.006
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