Measurement of the fission
mass yields of Am242 at the
Lohengrin Spectrometer

Charlotte AMOUROUX!?

A. Bidaud?, N. Capellan?, S. Chabod?,
H. Faust3, G. Kessedjian?, U. Koster3,
A. Letourneaul, F. Martin?, T. Maternal,
S. Panebiancol, Ch. Sage?, O. Serot*

1CEA, DSM-Saclay, France
2LPSC Grenoble, CNRS/IN2P3, France
3Institut Laue Langevin, France
4CEA, DEN-Cadarache, France

Experimental position 1
(straight unfocused beam)

«+—— Experimental position 2
L

(refocused beam) Fission target

position  Reactor core
Reactor wall

Light water pool

Refocusing
magnet

/

‘;" Condenser
" 2 x 380 KV ILL reactor
Thermal neutron flux
at target ~ 5 10" n/s/cm?



22 Am(Z=95)

O 241Am : 90% of the radiotoxicity of the nuclear
waste (without plutonium) between 200 and
1000 years -> Transmutation of 2*1Am

FP1
n+ 241 Am 242 Am<
5 FP2

O 242Am : two long-lived states
Z=95 (odd charge)

5 141Y
48.6 keV

1 16.02 H

el Beil]

Charlotte AMOUROUX-WONDER -25/09/2012

2/12




PLAN

Experimental Set-up & Analysis Method
Energy and Charge Distributions
Uncertainties Determination

Results



Experimental setup

O High neutron flux Reactor

2
=

U Target
ALZ0d0E, U Magnet: Selection A/q

O Condenser: Selection: Iyi}q

O Detector: E /

1 mm

-
-
0,2 mm
Q,vS‘ 0,25 um

lonization Chamber

Fission target
position

Reactor core
e, ) Reactor wall

“.  Main magnet * Light water pool
1m Condenser Tomography Station
2 X 380 kV (Flux Measurement ILL reactor
using “He) Thermal neutron flux

at target ~ 5 104 n/s/cm?

4/17



How do we measure the energy of
the fragment ?
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How to calculate the AT
fission yields ?  u

Y(A) = ZJ‘ Y(A4.q.E)dE
9 E

W Energy Distribution for a given q

Charge Distribution for a given E

60 70 k

80 90
E, [Mev]
N(A,q,E) according to q and E

Y(A.q.E)dEX > Y(A4.q.E)
Y(A) =

Y(A.g.E)

Valid if no correlation between E and q

W In reality we have a correlation but its influence on Y(A) in less than 3%
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Number of events

Q-Distribution

1 Example of Q-distribution : two differents cases

d Measured Charge is determined at the last crossed material
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E-Distribution

KE= (E*g006*E g0%)/2
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Kinetic energy as a fonction of the
fragment mass
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E-Distribution

(] Statistic errors: ] Systematics errors:
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Determination of the systematic error

This point is known twice

For the same mass as a
function of time:

1!20 T T T T T T IIIIII T T T T T T T T T
T S O S S L S S S ]
el L ]
114I t
B B T o L R S S I .
1,12_ ____________________________ B OA=105 | N
1,00 Jo DA e e e ]
1084 BB W R N O O O ]
i 0 O S A S SN S e ]
1,04'}'"'; """"""""" iiii """""""""""""" 177
- A 1,021 Lagip. ] L LI B T o N A 1]
g ? it ;i [} E F
iaf g 1001 * Lf? ——————————————————————— b fg%,iiq,,,,,i ————— L
i B s Bt SO R ]
N 1 o 1 e -
004t ]
60 ’
£ 70 80 50 o2 .
k [MevJ 0!90 T T T T T T T I’I’I T T T T T T T T T
012345 6 7 212223242526 27 28 29 30 31
F " R Time [days]
or dll masses.
1
1,10 T A e e \
1
1,08 1
\
1,06 T ‘
1,04 1 1 \
: 1
I
1,02 I gt \ '
1,00 — }
s E T ~ 0
098] 1141] 1 f I iT _________ > 0"~ 3%
S et w2 AR
] ] O Rt M I
0,96 _ =1 -
1 .
0,94 4% I
0,92
0,90 +———t+r et A

90 95 100 105 110 130 135 140 145 150

11/17

Mass[a.m.u]



Sources of relative uncertainties

and their respective contributions.

Extrapolation of the low part
of the energy distribution
Extrapolation of the high part
of the energy distribution
Discrepancies between the
two measurements of the 3%

common point

1.5%

1%

Normalisation ?




Fission Yields of Am-242

] Objectives of the experiment :

- Fission Mass Yields from Am-241(2n,f)

- Is there any difference between the fission yields of Am-242(n,f) and Am-242m(n,f) ?

Oficsion=0856(+656)barn™
242m A m > Y
Qg\0 (141y)
D Y=y’ ?
n+ 241 Am
9 Oficsion=2644(+281)barn*
A(ﬂﬁh) * G.Fioni et al,Nucl Phys.A693(2001) 546

O.Bringer,Ph.D Thesis,INP Grenoble,
October 2007
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How do we proceed to observe a possible

difference ?
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What is the maximum possible difference ?

242mAm”(,E')Ym
n+ 241 Am \’ Y=a(t) Y+ B()+Ys  °]
242 —_— Yﬂ ‘Eu,sz
[}(EJ g ;5:

Am Y, = (1 + X) * Y m :%u,a.—:

Vi(®) _a(0) Yy + B <Yy |r0 = L+ X)s¥ym Fu |
Yz(t) Er(r) ) Yzm + {j({-j} ' ng {I(t) + ﬁ(t)=1 U,U_u ‘II 2I '.’I. 1;- 5I BI ?I 2I1 2I2 2|3 2I4 2|5 2IB 2IT 2IB 2|9 3II:I 31
Vi(t) _ A+ B@)«X) +Y,"
Va(t) (4 B(E) x X V" RACHE vy
A AG R CENIGErD “IV")

Hypothesis: X=0.
General case: [™~]

F(tot) y(t) (14 B(t)*X") If we know Y™ et Y,” then:
i) = = [

v(tz) (A+B(t) *X) B (t,)=0,5 during the measurement
or=|B(t)- B(tD| *0x or x=0 of the masses so 6~0,11

(0,04 for all o,and 0,07 for o)
with |ﬁ(t2)' ﬁ(tl)l may::Orl? and *::!"I‘m[:].t[:]8

(0,04 for all o) 0y~0,47 6 y~0,22
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Conclusions

O No difference between the yields: quantification on-going.

O If you assume they are equal ...
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Rendement

Future

O Isotopic fission yields
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Back-up



Comparaison with the GEF code(June 2012)

Yields [%]

10
% ®  This work as e
N o Wolfsberg (1971) = 1
it "s | » GEFcode (June 2012) 71 $‘§5:§
. . ;
ﬂ% &% T Eg%
. B
d i !
g .
) 1
ﬁ ] %
90 95 100 105 110 115 120 125 130 135 140 145 150

Mass[a.m.u]

19



105 [a.u]

Fission Yield for A
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Evolution of the kinetic energy as a

function of time
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FWHM of the energy distribution as a
function of time
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