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Motivations
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(M, xN) reactions are important
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Motivations
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Few data available (esp. between 1and 14 MeV)
Precision requirement for data bases (OCOE/NER — HPRL)

(n,xN gammal)

- Sansibility on reactor features : k__, radial power (0. Bernard et al)

eff’

- Exclusive cross-sections | constraints on theoretical models




Experimental area

GELINA @ IRMM, Geel, Belgium

* Pulsed electron beam on neutron production target (Uranium)
« Bremsstrahlung (photofission; gamma Flash)

«  Wide energy-range neutron beam (Few eV to 280MeV)
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Experimental set-up

Fission chamber (Neutron fFlux determination)
Sample (nucleus of interest)
Germanium planar detectors (prompt gamma spectroscopy)

Pulsed beam (BBA HZz) pulsed
Digital data acquisition 188 MH2z): e Mhoam
* gamma energy |

« Time of Flight (ToF) measurement

fission ° | _

chamber |

HPGe
planar
detectors
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Cross-section

For one detector (at a given angle), for one gamma transition:

N N
di(nixn)’):_y%‘J'zssu(n:f)ﬂ

Uncertainty sources :
Number of counts [NY, N)... ~1-28 %

EFficiencies.........e. ~1-2 %4
Neutrons lossS......eeeee, ~1%%
Dead-time & pile-up............ <1%
Fission cross-section............. <1%
NESSU ....................................................... ~-B5 %

Samples figures :

Isotope Purity (at.%) Mass (g) Diam. (cm) Thick. (mm)
U 93.20(3) 37.43(1) 12.004(4) 0.211(6)
285U 99.17(1) 10.6175(1) 7.016(3) 0.181(6)

Angle-integrated information using Gauss quadrature

- Total uncertainty budget (optimum) ~ 3 6




Challenges

Weak transitions (low xs, high internal conversion) - high statistics

Over 12808 hours of beam time -» continuous gain correction

238U “raw data” 238U “corrected data”
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ToF determination For lovw amplitude signals - « shift » corrected Eg < 28dkeV
Sample characterization : oxydation layers=> -» simulation + target (ab.




Challenges

235U : peaks overlap (radio + FP)
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Experimental results




Results for =2=U (NN gammal)
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Available data:
Younes et al, LLNL report UCRL-10-148313

Model calculations :
TALYS with various inputs & optical models
(P. Romain et al)

Kerveno et al.,, PRC 871, 8246189 (20913)




Results for =2=U (n,2n gamma)

235U(n,21r1 Y)
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Results for =2=U (n,2n gamma)

**Un,2n v)
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Results for =2=U (n,2n gamma)

“U(n.2ny)
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- phenomenological approach works best
- Not many xs, but pointing out description problems

A more comfortable case, with more constraining power : ==°U. 14




List of treated (n,xnvy) on

E. (keV) Reaction Ei (Jw)

Ef (J7) !
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Results for ==2°Uin,xN gamma)

- 3 (N,2n v) transitions

- 4 (N,3nN vy) transitions

- 35 (n,N'y) transitions, among which :
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Theoretical models : TALYS & EMPIRE

23 (N,xN y) by Fotiades et al., PRC 69, B24611 (28184)

3 (N,xN v) by Hutcheson et al, PRC 88, @14603 (28013)

& (NN vyl by Voss et al, Kern. Karlsruhe reports, 237198 (19719)
=28 (NN y) by Olsen et al, Knoxville proc, p&11019719)

- 42 (N,xN y) in our data set, comprehensive 8 coherent

No general agreement !




M. Dupuis et al. (CEA) — TALYS calc.
ORPA inelastic scattering model
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Outlook

=251 . TALYS calc. OK for fission & total inelastic but not for partial inelastic
=2° : Large & coherent data set
Good precision (-3% when optimum stat.)

Impulse collaboration with theoreticians:
- experimental: branching ratios (CHANDA)
- theoretical: collective effects, spin distributions, level densities...

Next results :
EBETh

182,185,184,1EIE:W

Next measurements .

=33 (challenge, because high activity, very dense levels..)
=3Py 2
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M. Oupuis et al. (CEA) — TALYS calc.
ORPA inelastic scattering model
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235U levels
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Cross Section (b)
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Cross Section (barns)

ENDF Request 18418, 20813-Hov-86,81:87:416
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238U levels
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