
Neutron	  Radia-ve	  Capture	  	  

•  Neutron	  capture	  cross	  sec-ons	  	  
–  Used	  in	  astrophysical	  nucleosynthesis	  models	  
•  Maxwellian-‐averaged	  cross	  sec-ons	  and	  capture	  rates	  	  	  

–  Used	  in	  neutron	  transport	  codes	  for	  various	  
applica-ons	  in	  nuclear	  technology	  	  	  
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Neutron	  Capture:	  Present	  Status	  
•  Sta-s-cal	  capture	  based	  on	  strength	  func-ons	  
– HFB	  informs	  input	  parameters	  for	  Hauser-‐Feshbach	  models	  

•  Direct	  capture	  computed	  separately	  
– Using	  single-‐par-cle	  spectroscopy	  from	  (d,	  p)	  data	  
–  Semidirect	  capture	  via	  GDR	  can	  be	  included	  	  

•  Models	  do	  not	  include	  effects	  of	  doorways	  on	  capture	  
– MACS	  at	  kT	  =	  30	  keV	  sensi-ve	  to	  doorways	  (see	  below):	  	  

Z. Y. BAO et al. Neutron Cross Sections

Feshbach model. The application of this approach is appro-
priate provided the nuclear level density in the contributing
energy window around the peak of the projectile energy dis-
tribution is sufficiently high to justify a statistical treatment.
The critical level density is usually estimated between 5 and
10 MeV−1 [21]. Furthermore, the compound nucleus picture
will only dominate when the energy of the incident particle is
low enough (≤20 MeV). While the latter point is practically
always satisfied in astrophysical environments, the level den-
sity may fall below the critical value in certain nuclei lighter
than Fe, at shell closures, and for very neutron rich isotopes
near the drip line with correspondingly low separation en-
ergies. In these cases, single resonances or direct capture
contributions will become significant and have to be treated
individually.

The quality of the Hauser–Feshbach approach depends
critically on themodel parameters used. For applications in or
near the stability valley, localparameter setswere constructed
from experimentally known quantities in rather limited mass
regions [22–24]. In this way, consistent parameters can be
obtained by interpolation among similar nuclei. Sensitivity
studies in several mass regions showed that uncertainties of
typically 25% are obtained with this phenomenological pro-
cedure, as illustrated by the example of the Ce isotopes [13].
Accordingly, such data are quoted with error bars in Table I.

For nuclei far from stability which are involved in ex-
plosive scenarios, a different strategy has to be used for
establishing a global parameter systematics. In this case,
the corresponding prescriptions are formulated on theoret-
ical grounds, including as many basic nuclear physics con-
cepts as possible. The major difficulty in constructing these
global parameter sets is the prediction of nuclear level den-
sities. The parameterization adopted for the statistical model
codeNON-SMOKER [3] is based on amodified back-shifted
Fermi-gasmodel [21]with an energy-dependent level density
parameter and with vanishing shell effects at high excitation
energies [25, 26]. Using global input parameter predictions
without considering specific experimental information, the
NON-SMOKER calculations agree with the available mea-
surements with an average deviation of about 40% as shown
in Fig. 3 for the Maxwellian averages. These theoretical re-
sults [27] are given for all isotopes listed in Table I, except
for those cases where the level density was not sufficient to
justify the applicability of the statistical approach [21]. For
comparison, the corresponding values from previous calcu-
lations [28, 29] are included as well.

For several isotopes, where only theoretical data are
available, the recommended values in Table I are marked by
an asterisk. These valueswere derived by comparing the theo-
retical NON-SMOKER values to available experimental data

FIG. 3. Comparison of Maxwellian-averaged (n, γ ) cross sections
for 30 keV thermal energy calculated with the statistical model code NON-
SMOKER [3] with experimental data. The dashed lines are drawn to illus-
trate that the calculations tend to overestimate the cross sections near magic
neutron numbers by up to a factor two, but aremuchmore reliable elsewhere.

for nearby nuclei. The resulting deviation pattern is clearly
seen to depend on the neutron number of the nucleus involved
[21]. The deviations are most pronounced at magic numbers
and indicate a deficiency in the estimates for the underly-
ing nuclear structure (microscopic corrections). Because of
the dependence on neutron number, correction factors for the
purely theoretical cases can be derived from an average over
known deviations of nearby nuclei with similar neutron num-
bers. For each isotope with neutron number N , a weighted
average "̃ of the ratios "i = σ i

theo/σ
i
exp of n experimentally

known isotopes i in the interval N − 1 ≤ Ni ≤ N + 1 was
computed,

"̃ =
!

i gi"i!
i gi

, (1)

with the weighting function

gi = 2−(Ni−N )2 .

(If there were fewer than three known nuclei in the averaging
interval, its width was systematically increased until it con-
tained at least three experimentally known nuclei.) As usual,
the error was taken to be the standard deviation δ from the
mean. For a weighted distribution it is approximately given
by

δ =
"!

i gi ("̃ − "i )2

(n − 1)

#1/2
. (2)

The averaged deviations "̃ ± δ were assumed to apply to the
NON-SMOKER cross sections for which no experimental
data were available, and were adopted for calculating the re-
spective recommended values and the corresponding errors.
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A	  ra-o	  of	  calculated/measured	  cross	  sec.	  
of	  an	  idealized	  theory	  of	  intermediate	  	  
structure	  is	  closer	  to	  unity	  than	  it	  is	  for	  

	  an	  op-cal	  poten-al,	  shown	  to	  the	  leY.	  



Neutron	  Capture:	  Future	  Challenges	  
•  Incorpora-ng	  many-‐body	  nuclear	  structure	  methods	  into	  a	  
self-‐consistent	  unified	  framework	  of	  direct,	  doorway,	  and	  
compound	  nuclear	  reac-ons	  may	  illuminate	  their	  interplay	  
for	  medium	  and	  heavy	  nuclides,	  from	  stable	  to	  drip-‐lines:	  
1.  Consider	  HFB	  +	  QRPA	  as	  input	  for	  reac-on	  models:	  
•  QRPA	  states	  as	  channels/doorways	  in	  coupled-‐channels,	  	  
•  Or,	  for	  direct	  computa-on	  of	  non-‐local	  op-cal	  poten-als	  	  	  

2.  Consider	  effects	  of	  higher	  order	  (2p-‐1h,	  3p-‐2h)	  components	  
in	  bound/resonant	  states	  on	  (n,γ)	  in	  Gamow	  Shell	  Model	  

3.  Use	  sta-s-cal	  methods	  for	  narrow	  compound	  resonances	  
•  Computa-onal	  challenges:	  

1.  Large	  number	  of	  coupled	  channels	  an-cipated	  
2.  Large	  dimension	  of	  GSM	  for	  capture	  on	  e.g.	  130-‐136Sn	  

•  Collabora-on	  of	  reac-ons	  and	  structure	  theory	  needed	  
–  FTE	  Staff/Faculty	  +	  postdocs	  +	  grad.	  students	  
–  compu-ng	  resources	  

	  


