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d + 232Th @ 12 MeV

3He + 232Th @ 24 MeV
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243Am(3He,4He)

243Am(3He,d)

243Am(3He,t)

G. Kessedjian, B. Jurado et al.

Phy. Lett. B. 692 297 (2010)
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N.D. Scielzo et al.
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Large discrepencies between direct and surrogate methods at low energy

« To extract reliable x-sections, a more sophisticated analysis should be

developed that takes into account angular momentum differences between

the neutron induced and surrogate reactions. »
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ε = k Eγ
Suppose detector has this property:

Efficiency of detecting a cascade, Ec of 

m gammas is:
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Then effeciency of detecting a cascade 

becomes proportional to cascade energy

and independent of cascade path!!
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σCN is calculated from TALYS OMP, where input parameters are chosen to 

minimize the difference between measured and calculated total x-sections
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3) Obtain the set of 

primary gamma spectra

P(Ei,Eγ) iteratively by 

subtracting contributions 

from higher generations

Find ρ(Ef) and T(Eγ) iteratively

4)

2) Unfold the response of 

the gamma detector to 

obtain the spectra U(Ei) 

1) Sort the raw data to 

obtain the set of gamma 

spectra F(Ei)



1) Trial NLD + GSF Functions

2) Monte-Carlo Cascade Generator

3) Fold with the Detector Response
Χ2 minimization

(Known states below 1 MeV + 

D0 value at Sn)
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3) Fold with the Detector Response

4) Simulated set of F(Ei) spectra

5) Compare Expt. Data and 

Simulated Data. Compute Χ2

Χ2 minimization

(40-80 free parameters)

One Χ2 evaluation 107 cascades

takes ~ 1 min. = one week of computer 

time to perform 10000 X2 evaluations



Experiments 2011-2012: 233U(d,p), 235U(p,d) and 238U

Fission detectors

26

Inverse Kinematics



« With four parameters, I could fit an elephant, 

with five I could make him wiggle his trunk » 
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Minimisation with the Downhill simplex method

W(E) = a + bE + cE2 + d E3 + eE4 + f E5
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