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SURROGATE METHOD FOR (N,FISSION) X-SECTIONS
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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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THE WEIGHTING FUNCTION TECHNIQUE
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Efficiency of detecting a cascade, Ec of

m gammas is:
e.=1-]]d-¢)

j=l..m

If €is small then: €. = Z €
j=1..m

Suppose detector has this property:

Then effeciency of detecting a cascade
becomes proportional to cascade enerqgy
and independent of cascade path!!

> W(E4)R(Ea,Ey) = kE;
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CASCADE COUNTING IN 233TH*

Se+05

de+05—

e

97}

+

=

Lh
I

Number of Cascades
L
+
=
oh
| T

le+05

70

— Proton singles
— From weighted y’s

(Oe+00

2 4 6 8
Compound Nucleus Excitation Energy (MeV)

10

12



4PN

INSIIIUI IJt PHYSIQUE NUCLEAIRE

Probability

Probability

0.8

0.8

RESULTS(1) : MEASURED DECAY PROBABILITIES

Blyy _)-EE

I | I | I | I | I | I | I | I
732

'Pa:lk -

?33Th*

02 0 02 04 06 08 1

1.2 1.4 1.6
Energy (MeV)

02 0 02 04 06 08 1

12 14 1.6
Energy (MeV)

13



lPN TALYS OMP CALCULATIONS

INSIIIUI IJt PHYSIQUE NUCLEAIRE

total cross section (b)

ENDF/B-VII.O

ENDF/B-VI.8

JEFF-3.1

JENDL-3.3

TALYS-1.2 default
TALYS-1.2 best

TALYS-1.2 best, viadj->1.06
TALYS-1.2 best, avadj->1.09

0.2

O¢y is calculated from TALYS OMP, where input parameters are chosen to
minimize the difference between measured and calculated total x-sections

04

06
heutron energy (eV)

I I TR T I
0.8 1.0 1.2

14



'

G(n, ¥) (barns)

SURROGATE 232TH(N,GAMMA) X-SECTION

22Th(n,y)

+— Expt. (CN optimized TALYS)
— ENDFB7.0




'

G(n, ¥) (barns)

0,1

SURROGATE 232TH(N,GAMMA) X-SECTION

232Th(n !V) +—= Expt. (CN optimized TALYS)

P, =g*P, +(1-g)*1.0 :

— ENDFB7.0
e—=& Corrected data (w =75 keV)

X

2
— 2
jex/wdx




d‘ PN 230TH(N,GAMMA)

X-SECTION
0.0055% 0.711% 99.284%
» 234U 235U 238U
7
o s
2> 246%x10° 7.04 x 108 4.47
l// x 109
230Th 232Th

7.54 x 104 1.405 x 1010



4PN

INSIIIUI IJt PHYSIQUE NUCLEAIRE

10

(9] @) (bams)

0.1

0,01

SURROGATE 230TH(N,GAMMA) X-SECTION

239Th(n,y)

- Expt.

— TALYS (default)

— ENDFB6.8
— ENDFB7.0
— JENDL4.0

|

Energy (MeV)

1 1.5

18



4PN

INSIIIUI IJt PHYSIQUE NUCLEAIRE

231Pg

231Th

231PA(N,GAMMA) X-SECTION

(n, )

(n, 2n)

232

232

232pg

232Th

232Th

(n, )

233

233Th

19



4PN

INSIIIUI IJt PHYSIQUE NUCLEAIRE

10

(9] (nm(bams)

0,1

SURROGATE 231PA(N,GAMMA)

X-SECTION

21Pa(n,y)

A,

TALYS { default)
ENDFB6.8

0.5

Energy (MeV)

15

20



(n,y)+(n,f) 232Th(d,p) Egam-Ex

L T

102

=
1

= 10

Egam (MeV)



Egam-Ex

#2Th(d,p)

Egam (MeV)



‘ PN LEVEL DENSITY MODEL IMPORTANT FOR X-SECTIONS

INSIIIUI IJI; PHYSIQUE NUCLEAIRE

10000 - i " e ek
- — CTM local eff.
th(n,g) — == CTM local coll.
—-— BFM local eff,
| e BFM local coll. |
1000 S GSM local eff. ]

GEM local coll,
-—-— HFM local

100 |

10 |

Cross sectlon (mb)

0.1 i i L L) o Lt R i i i S T R ke e i i i i ksl £ 0k 1
0.0 0.1 1 10

Energy (MeV)




4PN

OSLO METHOD

INSTITUT DE PHYSIQUE NUCLEAIRE

ORSAY

X T _ 5 .. . 5 5
1) Sort the raw data to 2) Unfold the response of 3) Obtain the set of
obtain the set of gamma the gamma detector to primary gamma spectra
spectra F(E) obtain the spectra U(Ei) P(E,E,) iteratively by
subtracting contributions

///w“/ from higher generations
t

ot
ot

Y P(E,,E,) = p(E,)-T(E,)
Find p(E;) and T(E ) iteratively

Level density p (MeV™)

L +
P T L
000000

L e b e by
Excitation energyEzMeV)7 °

24



lPN NEW METHOD FOR EXTRACTING NLD AND GSF

INSIIIUI IJt PHYSIQUE NUCLEAIRE

1) Trial NLD + GSF Functions

2) Monte-Carlo Cascade Generator

(Known states below 1 MeV +
D, value at S,)

4

Extalon argy

X2 minimization
(40-80 free parameters)

3) Fold with the Detector Response
4) Simulated set of F(E,) spectra

5) Compare Expt. Data and
Simulated Data. Compute X2

One X2 evaluation 107 cascades
takes ~ 1 min. = one week of computer
time to perform 10000 X2 evaluations 25
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Experiments 2011-2012: 233U(d,p), 23°U(p,d) and 238U

Fission detectors

Inverse Kinematics
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Minimisation with the Downhill simplex method

> W(Ey)R(Ea,Ey)—kEy =0

« With four parameters, | could fit an elephant,
with five | could make him wiggle his trunk »

4 W(E) =a+bE +cE?+dE3+eE*+fE°
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