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Motivation
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Cross section measurements of short-lived nucler are they important ?

Transmutation of Minor Actinides produced in U/Pu cycle
— In transmutation the intention is to convert the MAs into fission products.

Nuclear data needs for Thortum/Uranium fuel cycle

—> innovative fuel cycle for GEN IV reactors

Under neutron flux the heavy nucle1 primarily undergo ...

o(n,y) ——— Production of heavier nuclei

o(n,f) — fission products
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JEFF-3.8 CM-242(H,G)
BROHD-2 CHM-242(H,G)

CNRS/IN2P3/CENBG M. Aiche EFNUDAT Paris, 25-27 may 2010




How to overcome experimental

difficulties for Actinides o(n,Y)
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An alternative solution exists...: transfer reactions

Neutron-induced reaction Surrogate reaction

H.C. Britt et al.
(Los Alamos 1970...11)

AIX* + b «— Y+ a

Measured

Microscopic optical model
calculation (BIII), TALYS

TH(E,) =Y o (E,,J)YP(E,,J")=ady (E)D a’™(E,,.J P (E,,J7)
J7 g
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0’A+1(En,J @] arc quite similar in neutron-induced and surrogate reaction 3 () Jzﬂ B VB BT

Ewing-Weisskopf limi
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(°He,py) as a surrogate :

- 234D measurement
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capture cross section measurement

y-rays decay scheme

< E*=E_

Suppose 5i:kEyz:>5c:sz;4

i=1

R, (£, ) response functiont o a given E, and Z R, (Eg)=€(Ey)
d

2
=Y (Z W(Ed)D’Qyi(Ed)—kDEij
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Efficiency € determined with MCNP simulations

and validated with a set of y-calibration and nuclear reactions.
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—A— Petit et al. 232Th (3He,pf) 234Pa

233Pa(n,y)%34Pa —— endf 6.8

— jendl 3.3 5 5
=l Unfortunately there is no neutron-induced

data for comparison.

Validation of the Transfer réaction
with existing (n,Yy) data

236 (3He,p) 238Np - 237Np(n’y)

236U (PHe, ) 25U —  24U(n, YY)

SR °U (He, t) **Np — *'Np(n, Y)
Neutron Energy [MeV] 238U (3He, a) 237IJ 236U(n, y)

Difficult to produce evaporated actinides targets

—— Validation of the surrogate method for capture reactions in the rare earth nuclei

S. Boyer et al. Nucl. Phys. A775 (2006) 175
J. N. Wilson et al, Nucl. Instr. and Meth. A511, 388-399 (2003)




(°He,py) as a surrogate :

- 175] u measurement
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Theoretical studies

174Yb (*He,py) '°Lu  as a surrogate reaction —— 75Lu(n,y)!7°Lu

Calculations

-solid line, extracted from TALYS code
-dotted line, extracted from FRESCO DWBA code

a™ (MW arc quite similar in neutron-induced and surrogate reaction

_— > PX(En) = aA+1 (Ena']ﬂ) D))((En 7‘]”)
JIT

Spin distribution of the compound nucleus
76y for :

En=100 keV 1 MeV and 2 MeV
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New set-up ,I

16x16 strips

Large AE : 50x50 mm?

Performed (@ Tand

1000

/

174Yb + 3He

+ 175Lu o0

/ / + 176Lu

2500 2000 3500
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PRELIMINARY RESULTS

- e mm
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Normalized to 1

174Yb (3He’p)

XY2 q
* \.TALYS Calculation

S,= 6,29 Me\l
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ele proj
Energy Calib: 2a=-2431 b=023570c=6.1sE-07
ST on

174Yb (3He,p)

Ilgamma=fct(E*)
1800

1600 —— 343 keV (175Lu)
®m— 70 keV (176Lu)

1400 192.2 keV (176Lu)
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eZe proj
Energy Calib: a=-24231 b=02570 c=s.16E-07
S0 on

Ey('”°Lu) = 113.7 keV

'Il J”Hlﬁ h.ill'

8]
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att (2 arc they quite similar in neutron-induced and surrogate reaction

ISOMERIC RATIO
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Talys Calculation

Energy (MeV)

8*:425keVt,,~2ns

1*:195 keV t,, ~35ns
3 :658 keV t,,, ~6.3ns
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Summary and perspectives...

Alternative and powerful technique to measure a(n,y) of short-lived nuclei

175Lu (n,y) 17%Lu @ CEA/BIII 4MV Van De graaff facility

...and perspectives 1.5”x1.5” LaBr3

p 3% at 660 keV
47 Resol time ~ 200ps
Proton beam Ti/T

pulse 2 ng e 17SLu(n,y) "Lu
— a _© ToF: 7.3 ns @ 1 MeV

Y-Y coincidences

@ CEA/BIII 4MV Van Degraaff facility

236U (3He,p) 238Np 237Np(n,y)
236U (3He, a) 235U 234U(n, y)

238U (3He, t) 238Np 237Np(n, Y)
2381 (3He, a) 27U 26U(n,y) If one of these targets is available !
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