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 The surrogate method provides alternative way

to determine nuclear cross section for difficult
cases

 Recent experiments provide important cross
sections using the surrogate method

— 23/Np(n, f) in the 10 to 20 MeV energy range using
238U(3He, t)?38Np: pre-equilibrium effect

— 238U(n, f) using 238U(*He, a)#*’U: angular momentum effect

— 153Gd(n, »)1>*Gd cross section using ***Gd(p, p)1**Gd:
S-process branch-point

CSEWG Meeting, Nov 2007, BNL 2



The Surrogate Method

Hard to measure Easier to measure
“Desired” reaction “Surrogate” reaction

(rad target, n-beam etc.) Nceffy
Nb

O-A(a,x)C = Z Pc (‘J 70, Ex) O'girlp reaC(J y 1Ly Ex)
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Central assumption: Both reactions form a compound nucleus
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Cross section (barn)
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23TNp(n, f) from 238U(3He, t)238Np surrogate reaction:
pre-equilibrium effect
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J. E. Escher and F. S. Dietrich,
Phys. Rev. C 74, 054601, 2006
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Ref. 16: O. Shcherbakov et al., J. Nucl. Sci. & Tech., Supp. 2, 230, 2003

Ref. 17: F. Tovesson and T. S. Hill, Phys. Rev. C 75, 034610, 2007
M. S. Basunia et al., submitted to PRC
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238U(n, f) from 238U(°He, )/?*>U(*He, o) ratio and absolute:
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angular momentum effect
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Courtesy of
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s-process branch-point nucleus *3Gd DN_D?‘;‘Q?GTZS({TLNL

...for (n, y) on these isotopes
Targets used ...

od (152 || 153 | ) 154 | 155 |} 156 | 157 158 || 159
sonly sonly
ey |10 el 152 | {53 | 54| Jis5 | ] 156 NP decay
\ B+, EC decay
sm Slggyl_, 151 [yl 152 | 153 | J 154 | ] 155 —> (n, ;) reaction
«152,154Gd cannot be produced by the «1>3Gd is radioactive (t,,=240 days),

r-process and therefore these abundances ~making direct measurements very
can be used to investigate the s-process  difficult

*(n, 7) cross sections at energies 0-200 *Well-suited for surrogate
keV in branch-point nuclei such as 153Gd ~ measurement because of neighboring
(for which the time scales for n capture and stable Gd isotopes that can be used

B-decay are comparable) are needed as targets for measurement and
benchmarks.
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(n, ») cross section for °3.15°.15/Gd isotopes from (p, p)

Courtesy of
N.D. Scielzo, LLNL

Excite Gd nuclei (S,*8-9 MeV) through inelastic (p, p’) scattering
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