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  Measurements of the prompt neutron and γ-ray emission in 
the neutron-induced fission using the χν array 

  Measurements of neutron capture and fission prompt γ-ray 
emission using the DANCE array 
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Published results 
  “Evidence for the stochastic aspect of prompt gamma 

emission in spontaneous fission” A. Chyzh et al., PRC 85, 
021601(R) (2012) 

  “Prompt energy distribution of 235U(n,f)γ at bombarding 
energies of 1 – 20 MeV” E. Kwan et al., NIMA 688, 55 
(2012) 

  “Systematics of the prompt gamma-ray emission in fission”, 
A Chyzh et al., submitted to PRC for publication Oct, 2012 
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Systematics of the prompt γ-ray energy 
distribution in fission 

235U – red circles 
239Pu – blue squares 

252Cf – black triangles 

  Data normalized according to the yields of γ-ray energy between 1 – 4 MeV 

  The spectrum above 5 MeV shows a strong dependence on the species of 
fissile nuclei 
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Systematics of the prompt γ-ray multiplicity 
distribution in fission 

  Distributions have a similar Gaussian-like shape with the tail extending to the 
higher Mγ 

  The mean Mγ is increasing with increasing mass of fissile nuclei, while the 
width shows the same trend and is nearly the same as the mean value 

252Cf – black triangles 

239Pu – blue squares 

235U – red circles 
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Coming soon… 

  Precision measurement of the neutron-capture cross section on 238Pu 
•  The first ever measured at laboratory environment 

  The total γ-ray energy vs. multiplicity for the fission prompt γ-ray emission 
•  The unfolding story continues 

Measured 

Unfolded 
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C.Y. Wu, A. Chyzh, E. Kwan, R.A. 
Henderson, J.M. Gostic 

R.C. Haight, H.Y. Lee, T. Taddeucci, J. 
OʼDonnell, B. Perdue, N. Fontiades, M. Devlin, 
J.L. Ullmann, A. Laptev, T. A. Bredeweg, M. 
Jandel, A. Couture, A.C. Hayes-Sterbenz, S. 
Mosby
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Status of Surrogate Cross Section Measurements 

Cross section measurements of 240,241,242Am(n,f) have been completed. Evaluations are underway and 
expect to be complete by December 2012. 

Cross section measurement of 88Y(n,2n) is complete and final evaluation is underway. Evaluation to be 
complete December 2012. 

Data for 87,88Y(n,γ) has been taken and data analysis and reduction is underway. Evaluation to be 
completed September 2013. 

Final analysis being completed on 239Np(n,f) cross section. Results to be submitted December 2012 to 
peer-reviewed journal. 

237U nuclear structure investigated: 2 new states and 10 new γ rays discovered  

235U nuclear structure investigated:  1 new state and 6-8 new γ rays discovered 

Data taken and analysis underway for 236,237Pu(n,f) cross sections over neutron energy range 0-6 MeV. 

Data taken and analysis underway for  232,233U(n,f) cross sections over neutron energy range 0-6 MeV. 

Data taken on Yb isotopes to validate (p,d) reaction channel in preparation for Lu measurements in 
FY13. 

Data taken on 95Mo(d,p) to benchmark surrogate technique in spherical region for (n,γ) reactions. 
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Surrogate Reactions Publications in FY12 
Review of Modern Physics article on surrogate 
nuclear reactions method 

R.O. Hughes et al., “Utilizing (p,d) and (p,t) reactions to obtain (n,f) cross sections in uranium 
nuclei via the surrogate-ratio method,” Physical Review C 85, 024613 (2012) 

N.D. Scielzo et al., “Statistical gamma rays in the analysis of surrogate nuclear reactions”, 
Physical Review C 85, 054619 (2012) 

B.L. Goldblum et al., “Indirect determination of neutron capture cross sections on spherical and 
near-spherical nuclei using the surrogate method”, Physical Review C 85, 054616 (2012) 

G. Boutoux et al., “Study of the surrogate-reaction method applied to neutron-induced capture 
cross sections,” Physics Letters B 712, 319 (2012) 
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Gamma Ray 
Detectors

Up to 4x1000 µm 
E detectors

δ-electron & fission 
fragment shield

p, d,3He, α, 18O beam

Scattered
particle

140 µm or 500 µm
 ΔE detector

Fission 
Fragments

γ

γ

140 µm fission detector

Silicon Telescope Array for Reaction Studies (STARS) 
Livermore Berkeley Array for Collaborative Experiments (LIBERACE) 
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Particle detection determines compound nucleus 
and neutron energy  

Energy resolution (1σ): 65 keV 
FWHM: 150 keV  

Highly segmented silicon array for particle 
identification and precise energy 
determination 
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241,242Am(n,f) cross sections 
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  242Am(n,f)  and 

241Am(n,f) agree 
well with previous 
data 

  Some differences 
at first-chance 
fission – may be 
due to spin effects 

  New measurement 
provides consistent 
cross section value 

  Measurements 
performed relative 
to 234,235U(n,f) cross 
sections 
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239Np(n,f) SRM Cross Section Measurement 
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STARS-LiBerACE moves to Texas A&M Cyclotron Institute and renamed 
the STAR-LiTe (Livermore-Texas) collaboration 
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Obtaining an (n,γ) cross section using surrogate 
reactions 
Using Hauser-Feshbach 
parameters and spin distribution 
determined from surrogate 
158Gd(p,p’) reaction to calculate 
the 157Gd(n,γ) cross section 

Very reasonable 
agreement with directly 
measured 157Gd(n,γ) 

Next step:  Improve precision and apply technique to determine unknown 
153Gd(n,γ), 87,88Y(n,γ) and 87,88Y(n,2n) cross sections 

Lines: surrogate data 
+ reaction modeling 
(not a fit to this data!) 

Black points: existing 
direct measurements 
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Surrogate data to determine 87Y(n,γ) and 88Y(n,2n) cross sections 
 bombard 89Y, 90-92Zr with 50-MeV 3He 
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