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Outline

- Nuclear fission and usefulness of nuclear data for
applications and fundamental physics

- Development of a new spectrometer : Gas Filled Magnet
(GFM)
- Properties of a GFM : experimental outcome
- Comparison with a Monte Carlo Calculation

- Isomeric Ratio measurements at Lohengrin (ILL)
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Outline

- Nuclear fission and usefulness of nuclear
data for applications and fundamental physics
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Part 1 : Nuclear Fission and Context of Nuclear Data

Nuclear Fission Process

particules retardées
articules promptes
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Distribution of Uranium-235 fission products {A)

Logarithmic scale (%)

Discovered by Hahn, Strassman and Meitner in 1938 — Chemistry Nobel Prize 1944

A heavy nucleus is broken into two lighter fragments. Emission of a few

particles (neutron, y)
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Part 1 : Nuclear Fission and Context of Nuclear Data

Context of the fission yield studies

» Impact of fission yields on the current and innovative fuel cycles

Y(A,Z, E*,]") =Y(A,Z) X P(E*,]™)
* Inventory of spent fuel ]
» |sotopic composition — Residual power - Y(4,2)
» Radiotoxicity of spent fuel

* Modeling prompt particle emission (n/y)
— foreseen material damage/heating — P(E*,]J™)
in reactor studies
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Part 1 : Nuclear Fission and Context of Nuclear Data

Context of the fission yield studies
Y(A,Z,E,]*) =Y(A,Z) X P(E,]™)
» Measurements for fission process study

* Improving the predictive power of fission models is necessary for the evaluations
at different neutron energies - Y(A4,Z,E,J™)

« Lack on dynamical aspect for fission process modelisation

» Inconsistency between Models or evaluations and Experiments for heavy
fragments and symmetric region

Version simple de la théorie
de la fragmentation

— Approche dynamique microscopique
avec la force effective de Gogny
—— Evaluations de Wahl

Disagreement between fission models

and experimental data assessment 0

Ll llll!ll']lltlll][lll'
60 80 100 120 140 B0 180
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Part 1 : Nuclear Fission and Context of Nuclear Data

How to measure Spin Distribution ?

States filled by
ﬁssion|

Neutrons

Vin(4,2,E*,J™) = Y(A) x P2)| x P(E")

—
a1

[
o
|

Statistical
(prompt y)

e

Discrete y
emission

g1

Isomer

Excitation Energy (MeV)

| |
3 6 9 Spin(J)
To study Spin distribution, look at y,,,.o,.¢, prompe Structure effect at
low excitation energy : Isomeric Ratio

Isomer : state with longer half-life than neighboring states
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Part 1 : Nuclear Fission and Context of Nuclear Data

How to measure Spin Distribution ?

A,Z

Y,,(4,Z,E*,J) = Y(A) X P(Z)|A x P(E*)

N;
P ( lSO”ler)
GS A,Z,Ey

* Isomeric ratio : Recent measurements on Lohengrin \ Zf
\ I

Min/s Isomers :

1361 1325b 1305b 129Sb 129Sn 99Nb 98Y /}

MS Isomers :
136y 1327, 129g) 99y 98y 94y 88p) y/n detectors

ns Isomers :
Almost all isotopes in heavy mass region

Fragment (A,Z,E,)
detection
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Part 1 : Nuclear Fission and Context of Nuclear Data

How to measure Spin Distribution ?

A,Z

Y,,(4,Z,E*,J) = Y(A) X P(Z)|A x P(E*)

p (Nisomer)
NGS
* Isomeric ratio : Recent measurement on Lohengrin

Min/s Isomers : ! F%i\—\,
136; 132¢} 130gp 129g} 1296, 99N} 98y /27 Q\ \\\,

AZEL

MS Isomers : W
136Xe’ 132Te, 1295b, 99Y, 98Y’ 94Y, 88, y/f‘,\ 6(\G )
ns Isomers : 05’&\0
Almost all isotopes in heavy mass region ?(09
Fragment (A,Z,E,)
detection

* FIPPS (Fission Product Prompt gamma-ray Spectrometer) Goals :
- Direct measurement of prompt particles ( vprompe, Mprompt)
- Fission product spectroscopy (astrophysics interest)
- Neutron emission
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Outline

- Development of a new spectrometer : Gas
Filled Magnet (GFM)

- Properties of a GFM : experimental outcome
- Comparison with a Monte Carlo Calculation
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Part 2 : GFM Development

Back to the present : Lohengrin limits

. . . . . . A
Lohengrin : selection with the mass over ionic charge ratios . and

Kinetic energy over lonic charge %
(A1.E1,01)= (A E5,0,) =(Ag,E5,03)

Limits :
- 2 us time of flight (TOF) - no prompt particle study (1071¢ s)

Utility for GFM study :
» Fission Fragment Source !!

Experimental position 1
(straight unfocused beam)

\ — Ex?f:;?;";:h%’::::rz Fission target
position  Reactor core

I Reactor wall
Refocusing

magnet

Main magnet

|

Light water pool

I C e —— T
@ B RED -— Condenser

\ " 2 X 380Ky ILL reactor
Séminaire Doctorant, LPSC, Juin 2014 - Thermal neutron flux 1

at target ~ 5 10" n/s/cm?




Experimental Setup for GFM study

Setup : The RED magnet is now filled with various gases - GFM

.
GFM : Spatial dispersion of fission Bp x A <v(§)>

lonisation  fragments according to < q(2) P.Gas
the mass A and Nuclear charge Z A

Chamber g Bp o [1]

l \ 73
@ Goal : Study of properties of this device / feasibility

Experimental position 1
(straight unfocused beam)

\
[

Refocusing
magnet

— Experimental position 2 Fission target
(refocused beam) position

Reactor core

Reactor wall
Light water pool

Main magnet

|

IC
@ BG FM — Condenser

\ " <X 200 kV ILL reactor
L. . Thermal neutron flux
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Part 2 : GFM Development

GFM separation power

Experimental spectrum at the exit of the GFM 1n 40 mbar of He

500

.’g E_o Mass 100
:>)\ :—0 Mass 95
S
S 00— ® Mass90
lonisation < L
Chamber g - ¢ Mass 85
! c "
- [ ¢
A C L
S b
3 10p
ok A

713000 13500 14000

B, ., (Gauss)

IC
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Gas Comparison : Experimental results

Electronic density | Resolution
ratio

7 mbar 2,2 %
He 40 mbar 0,82 2,1 %
Ar — CH, 8,5 mbar 1,5 3,0 %
Evolution of the magnetic resolution with
density in several gases for A=98 Density — Pe-
0,04 Y pe—(Nz,P — 7mbar)

0,035
0,03 - T}IQ Ve
0,025 _é\ T ‘ * N2 p
0,02 \‘\._’K [0) & B He —>
o) - I A
o

0,015 Ar-CH4
0,01

0,005

Y98 (N2)
——Poly. (N2)

Magnetlc resolution

0 0,5 1 1,5 2
Density (arbitrary unit)
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Part 2 : GFM Development

Monte Carlo Calculation Architecture

Initial Condition: Trajectory inside GFM :
Position/Velocity/lonic Effective charge : q.rf
charge/Magnetic Field Charge changing
probability

Solution of motion ‘L’
equation

Energy loss calculation

Straggling effect

Exit Condition:
Is the particle detected?
= (x,y) € lonization
Chamber
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Gas Filled Magnet : What to compare

Comparaison de la simulation et de I’expérience pour la masse 98
dans I"Hélium pour une pression de 40 mbar

® Simulation
=  Ajustement gaussien

0.0012 w2/ ndt 1865/ 12
Prob 0.09725

Constant 0.001262 * 1.79e-05

Mean 1523e+04 + 3716

0.001 Sigma 3215 * 3153

e Expérience
= Ajustement gaussien

0.0008 v2/ndf 4785/ 6
Prob 05717
Constant 0001257 + 5.534e-05
Mean 1.521e+04 + 115
0.0006 Sigma 320 + 9.537

0.0004

Taux de comptage (unité arbitraire)

0.0002

IllllllIllllllllllllll]lll

14600 14800 15000 15200 15400 15600 15800 16000 1200
B (G)

We will compare B along the pressure
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N, Gas Filled Magnet : Test

BY & A=98 / E=90MeV / 233U

Magnetic Field : pressure variation inside N2

~— 17000

a L —+— Experiment
A [ Simulation .
e r —+ Experiment %Y Energy loss in GFM for Mass 98 @
o000 — Simulation *°Y
N o - = E=90|V|EV
@ I MCC + 1oj 00
© B 80
o - I 70
|m 14000; " ~ 60
B o T _ & 50 @ July 2012 Experiment
- Preliminary results T 5‘0 40 7
1a0m0 A . I h 30 E/‘Gﬂ/ [0 Monte Carlo
ﬁj og : beam width " 20 Calculati
A I 10 alculation
12000_— 0 ! ! !
- I 0 5 10 15
B | Pressure (mbar)
1 | 1 2‘ 1 | | l | | 1 5‘ | 1 | gl, 1 1 | | | 1 | I 1 1 1 | 1

11
UUOO 10 12 14

Pressure (mbar)

Big Three free parameters in N,
« k=2<=0,56+0,05

Oe

* deff = qpetz T B In (i) - p=-04
* AP = Pyeas — Pmcc = 0,5 £ 0,3 mbar

Set using A=98 & ?8Y experimental data
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Part 2 : GFM Development

N, Gas Filled Magnet : Comparison

Magnetic Field : pressure variation inside N

v}
=]
=3
S

—e— Experiment Masse 98

_ 235 = Simulation Masse 98
E_95Mev / U + Experiment Masse 93
Simulation Masse 93

+ Experiment Masse 88
Simulation Masse 88

16000

Biean (Gaus

15000

14000

B (Gaus)

13000

12000

Preliminary results :

| 1 | 1 1 1 | 1 | 1 ‘ 1 1 1 | 1 1 1 ‘ | 1 | ‘ 1 1 1 | 1
2 4 6 8 10 12 14

Pressure (mbar)

11000

o
I\\\|\\\I‘\\II‘\\\\‘I\\\|I\\\

« Agreement for pressure below 10 mbar at 1o

« k — B shift

* For P > 10 mbar inconsistent calculation — Density effect on effective charge calculation
‘ Predictive calculation for light mass at 1o

‘ Design the new spectrometer (find the better geometry)
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L
Outline

« Nuclear fission and usefulness of nuclear data for applications and
fundamental physics

- Development of a new spectrometer : Gas Filled Magnet (GFM)
- Properties of a GFM : experimental outcome
« Comparison with a Monte Carlo Calculation

- Isomeric Ratio measurements at Lohengrin
(ILL)
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Experimental Set-Up : ys Isomer

Total y Spectrum v Spectrum : coincidence with ionization chamber

Experimental position 1
(straight unfocused beam)

\ +— Experimental position 2 Fission target
(wfocummt kesm) position  Reactor core

I \ Reactor wall

T T T

Count Rate (arbitrary unit)

- N ow o ow @ N @

g8 8 8 8 B8 8 g 8

S 8 8 8 &8 8 &8 8
T

Main magnet Light water pool

Refocusing
magnet
h Condenser o Coincidence between ionization
R Ll 9 chamber and y detectors
Io/nisation Chamber ATGate = 10T1/2
Double anode O — |someric state measurement

N

Clover 1 of Germanium f

o ‘ Total y spectrum —» GS
\ measurement. More difficult
Clover 2 of Germanium

\ For long live GS, loss by gas
Separation foil pumping — correction needed

Incident § Beam
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Part 3 : Isomeric Ratio Measurements

88 By Results

Ratio : Isomer/GS

0,5 : :
0,45 Isomeric Ratio :
— N¢(38MBr
. RIGE) = ——LC 2D — 34 40,007
50 Wﬂ*@+ N (88MBr)+N ;(88Br)
03
0,25
0,2 : : : : : . A
50 60 70 8 90 100 110 Fission : o5, =4 MeV
Kinetic Energy (MeV)
Target : o5, = 10 MeV
Ey >
A E,

E* = f(Ey) : models

Measurement — P(E*,J™)
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Part 3 : Isomeric Ratio Measurements

— Beam Cut Method

chambre a vide

Side view

o
. oY a°
sortiedu < o
spectrométre

Coups (unité arbitraire)

40 45
Temps (s)

136

130

132

chambre a vide

détecteurs
germanium

bande passante

/

Up view

—

m-

46,9 s 197/381/1313/369
| 834 s 1313/1321/2289/
Xe 2,95 us 197/381/1313
"Sh 6,3m 839/793/182/1017
Sb 39,5 m 793/839/330/182
"Sb 4,10 m 974/697/103/150
Sb 2,79 m 974/697/103/989
Te 28,1 us 974/697/103/150

» Allow to separate isomeric state and GS feeding from a same y line
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Part 3 : Isomeric Ratio Measurements

Nanosecond Isomer

method 4:fit 3 gauss
@ /ndf  7.687/10

Cible d’actinide 250 Prob 0.6594
Feuille de Nickel © po 2007 - 6.29

N retardés g p1 22.84 - 04215

w40 p2 1.235 -0.5324

p3 4062 - 443
P4 1938 - 03899
P5 2075 - 02207

N
pEge {unit
=]

&m T g pé 8.951 - 3765
Tauxde 4 i 8 P7 2533 -0.1943
comptage ‘02{} p8 1 -0.05188
>
=
o

- Etat de charge initial
- Etat de charge apres désexcitation

=]

> Chargeionique B
I '] '] '] '] I '] L '] '] I '] L '] '] I '] L '] L I

15 20 25 30 35
charge ionique q

Nikolaev and D. (1968) (2)

18,68126485 1,96827205

Structure effect will deform the ionic charge distribution
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Conclusion and Perspectives

GFM studies

- Nowadays :
> Spectrometer power is bound by the atomic collision in gas % = % >1,5% (G—i = 66)
» Good understanding of physics inside a GFM

- Future:
> Benchmark between MCC and Geant4
> Design the FIPPS spectrometer with a validated code
> Experiment with different gas

Fission yields and spin distribution
- New methods has been developed

- New observables

- Goals : Improvement of fission models

- Future :
> Comparison with theoretical code
> Analysis ...
> New Experiment

Séminaire Doctorant, LPSC, Juin 2014 24



Thank you for you attention

Any questions?



Backup
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Context of the fission yield studies

» Impact of fission yields on the current and innovative fuel cycles

Y(A,Z E*]J®) =Y(A,Z) X P(E*,]™)

Isotopic composition — Residual power RP(t) =3, Y(4,2)Ez(A,Z2)A(A,Z)

—— Rendements de fission

—— Périodes

wm

—— Energles

— Incertitude totale

£

Uncertainty of residual
power calculation come
from the uncertainty of

\
>
>

fission yields Y(4, Z) ~— =
1 ;ﬂ\’\@/\_\/\’
1?05-!-00 1 .GEIFI-N 1 .OEIFIM 1 .OEIA-O& 1 .ﬂEIFI-N 1.0El-l-ﬂ'5 1 OEI-HIG 1 .GEI»-I-L']'? 1.o|é,ma 1.0E+09

Temps (s)
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D
Model involved into the MCC

- Atomic collision model at each step x according to M.Paul & H.Betz :

- Equilibrium charge state distribution : F(q) o exp (— (q“7))

2d?
- afoPt using experimental measurements : with F(q) we can define A, b, A, b,

- Total Loss cross section : ¢/955(q) = A, exp(—b,(q — )
- Total Capture cross section : .7 (q) = A exp(b.(q — 7))

o]

- Multiple Capture cross section : negligible Equilibrium charge state distribution
- Multiple Loss cross section : g;; = kqoy £ |
(Heavy gas) 8
- ForN,, kg =22~ 0,5 :

- The probability for charge changing o
through a distance x, a

o P(q, q’) — O'(Cl,q ) (1 — e_o'totalpx) °'75?

Ototal

1 | 1 Il Il
lonic charge : q
M. Paul et al, Nuclear Instruments and Methods in Physics Research A, vol. 277, pp. 418-430, 1989

H.D. Betz, Reviews of Modern Physics, vol.44, n° 3, p. 465, July 1972.
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D
Model involved into the MCC

- According to Pierce, the energy loss,

2
dE q dE .
. (_) = =Ll (—) » screening effect
dX ZiOnIAIE yp dX p;z

- According to Betz,
e CIeff = Zion (1 —C X exp (— %))
« C=1,032;6=0,69; vy =2,19.10"8 cm.s~! : Bohr velocity
- F(q) is symmetric — q.sf = q

- According to Gregorich, the charge density effect,

. AG L i E -
AG « In (po) « In (PO) O
P . R
* Geff = Aefppers + B X In (5 with g = —0,4 | —° —
- Straggling effect : Moliere potential — 0 —em
| | |

Pierce et al, Physical Review, vol 173, number 2, pp 390-405, 1968
K.E. Gregorich, Nuclear Instruments and Methods in Physics Research A, vol. ps
711, pp. 47-59, 2013.
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L
Charge Density Effect

ps ns V& time

After a capture or a loss of an e, the ion can be excited, The relaxation time
can be longer than the collision time.
Cross section of an excited state = Cross section of the GS

Séminaire Doctorant, LPSC, Juin 2014 30



Measurement of the Energy Loss in the GFM

Polypropyléne 50 pg/cm? Polypropyléne 50 pg/cm?

/ - Calibration : Input SRIM inside

foils
GFM IC
Efinal = Einit — AEfoit1 (Einit, Z, A)

— AEfoi12 (Einit — AEfoi11, Z, A)

Polypropyléne 50 pg/cm? Polypropyléne 50 pg/cm?

-~ - Result : Need SRIM in the
Coliiiiiiiiiiiiin second foil
SEEEEEETEREEEEE] IS ‘

R Efinal = Einit — AEfoin (Einit, Z, A)
- AEgas (E: qeffs Z, A)
— AEfoi12 (Einit — AEfoinn
— AEy45,Z, A)

Since we are interested in AE ,, the sensitivity of the foil layer is small
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Mass separation with GFM

500

Counts

300

200

100

400

—4@— 85 mass

[ —@— 90 mass

- —®— 95 mass

. —®— 100 mass
—&— Contaminant

i Contaminant

125 13 135 14 1

45 15 155 16 165
Bred (kGaus)

Purity (whitout unity)

1

0.8

0.6

0.4

0.2

GFM @Lohengrin

Evolution of Purity of a mass with Bred

125 13 135

—&— 85 mass
—@— 90 mass
—&— 95 mass
—®— 100 mass|

14 145 15 155 16 165

Bred(kGaus)

- Isobaric beam could allow to measure the Total 3,y decay energy per mass

Séminaire Doctorant, LPSC, Juin 2014
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Spectre simulé pour différents isotopes,
dans I’Hélium pour une pression de 40 mbar

=
)

[=]

Taux de comptage (unité arbitraire)

15000 15200 15400

Spectre totale pour la masse 98, dans I’'Hélium

pour une pression de 40 mbar

15600

B (G)

[
(=]

Ajustement gaussien

ErE
o= = ® v 12/ ndf 1865712
= E . ® Prob 0.09725
= B v ® Constant  0.001262 * 1.79¢-05
§ — Mean 1523e+04 + 3716
P = g Sigma 3215 + 3153
=0 — . .
g — - ® Simulation masse 98
= 10 — ] 9
S E ~ -
% 5 — - 5 L -

— = -
% o [ 1 L 1 L | L 1 1
h 14400 14600 14800 15000 15200 15400 15600 15800 16000
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Symmetry contamination

Evolution of the kinetic energy distribution of the 128 Mass
with the pressure inside the condenser lonic charge distribution of the mass 124 with an

indicator of contamination

3 _— —— Regular Pressure 9 BE-07
- 8000
: —%— Degmded Pressure: 2. E06 . 7000
- £ = =
5 6000
25— —#— Regular Fressure ;9 BE-07 >
- § 5000
B £ 4000 =]
= B < 3000 [=] =
2 2 € 2000 = =]
1K I g | |  —-—
cE L S 1000 [=]
w = | IE"—'
535 L 0 == : CEEEE
-
>S5 13 18 23 28
e =
b= .
g -é - lonic charge
S5 L
1— N .. .
— Shape of the ionic charge distribution of
B the mass 124 by removing the artefact
05— 5000
B S 4000 =
ey
§ 3000 u 5 =
0 I | | | I | | | I | | | | | I | | I I | | | I | g
55 60 65 70 75 80 85 a0 & 2000 | | -
Energy (MeV) £ 1000
S n" m
o +mHu . : Epmm
14 19 24 29
lonic charge
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L
Beam Cut Method

= Durée
- Isotope d
g o e vie
(1] |
5 o[- 46,9 s 197/381/1313/369
o [ 136 | 83,4 s 1313/1321/2289/
€ Xe 2,95 us 197/381/1313
o) =
3 130 Sb 6,3m 839/793/182/1017
~ Sb 39.5m 793/839/330/182
"Sb 4,10 m 974/697/103/150
132 Sb 2,79 m 974/697/103/989
Te 28,1 us 974/697/103/150

20 25 30 35 40 45

Temps (s)

* Temps d'acquisition ~ 5T,
* Reépétition —» 7 stat

« Séparation état métastable/ fondamental (peuplant une méme raie)
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Nanosecond lsomer

Cible d’actinide
\ Feuille de Nickel X
Y
/ _/ //\ N retardés
@ @
= auger

8m
Bande magnétique °
Tauxde ,
comptage

- Etat de charge initial
- Etat de charge apres désexcitation

> Charge ionique

Café Scientifique 7 Novembre 2013

Stabilisation de la charge
moyenne dans la cible

Si nanosecondes
isomeres :
« Réarrangement du
cortege électronique
« Distribution en charge
plus complexe
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Nanosecond Isomer

method1: Fit 1 Gauss

=

-

e
e

1 indf RN
- Froh 150508
7 Cosstani AT - 1147
3 hrar oI - a0
240 Srw 1304 - a04E11
5
b
im

o mmns.-btrn-%

Eax da
=

=

-

'E'E'E'E"E'E.'E.?-'Eg w

1i34 -0ATE
135 - 051
40ER - 443

1938 - 0330
2075 -7
EOE1 - 2TEE

2533 -0z
1 - DOE1ER

F-] k3

method 7: fit 4 gauss
7 el

o mam‘nsnhnpﬁ

L, ez
a B

-

EERERERRIZERR g':

] ED
changs oniquang

onE
-
1% - A
0% Q178
T - A
mw -um

15 - DS
LSS - T
AT - 2TH
2 -ans
AR - THLS
LHBE -G
15 - &
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-] ]

-
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] 12} B g

method 2 Fit 2 Gauss

-

e

B

EEE:TIT)

e
T
IS - 039
215 - n1rs
477 - 180
118 - BT

L343 - B

B

&

method &: fit 4 gauss 1 sig

e ®3310

rrvéngo{uriﬁsarbhh&

[i]

taux oo

[Rrrrreeeeg
=588
-]

FEE

EE
i

1 ]
i3 ¥ = E] 3
charge konigen
P_values
: ¥
i [ ] z ]
2 “1s
ne
L1
LH L
LE]
!
[ ¥]
]
1
o
N T VR PP SPUUE N
b T - L] - L Ll
MENod U mser miathod numbar

Ln
(=]

& arbitraire)
& 3

ptage (unit

taux de com
o)
o

o

method 4:fit 3 gauss

¥? / ndf 7.687 /10
Prob 0.6594
p0 2007 - 6.29
p1 22.84 - 04215
p2 1.235 - 05324
p3 4062 - 443
o4
p5 2.075 -0.2207
pé 8.951 - 3.765
p7 2533 -0.1943
p8 1 - 0.05188

15 20 25 30

35

charge ionique q

Nikolaev and D. (1968) (2)

18,68126485 1,96827205
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Nanosecond Isomer

40 A D. Betz (1983) (3)
() O Nikolaev and D. (1968) (2)
\g AQ3
g ’ ®ql
S
J
‘@ 30 ;
© A
.g 25 % = A A ; A
R m BB O mg0® + * i
(<) - o O
00 ,, g te | =
© s 1 s 8 ® s 20y ® & ®
c ¢ o ¢
9
15 T T T T T T T T T )
137 138 139 140 141 142 143 144 145 146 147

Masse / Isotopes
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Part 3 : Isomeric Ratio Measurements

Interpretation using theoretical code

/

\ Number of GS
filled by fission

Fifrelin is a Monte Carlo code developed by CEA Cadarache.
Calculation of gamma decay of fission fragments.
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What about FIPPS

Parallel Beam @ E = 90 MeV
1 cm collimator (in & out)

Trajectory for 1 Isotope inside a GFM @ 5 mbar in N2
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Great separation = 5 Mass

Evolution of count rate with magnetic field for several masses : 6 =135 °

w
o

—— Mass 90

Mass 95
—— Mass 100
—— Mass 105
—— Sum

Ny
o

Count (arbitrary unit)
N
[4)]

15

10

| | | | ‘ 1 | | | ‘ | | | | ‘ | | 1 | ‘ | | | 1 ‘! | | | | | |
00 11000 12000 13000 14000 15000 16000
Magnetic Field B (Gaus)

- [
o
o

Goal : Find a geometry with the better
mass separation

ocrm < Ofission Mass resolution is ruled
by fission process

0crM > Ofission CONVolution between
GFM and fission mass resolution



88 R |
Br Results

Isomer Count rate evolution with GS Count rate evolution with energy
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L
88Br Analysis : y efficiency
Validation of a computed efficiency
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The Lohengrin mass spectrometer
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Experimental position 1
(straight unfocused beam)
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Exﬁfmst:!ipg:'n?; 2 Fission target
position  Reactor core
Reactor wall

Main magnet

|

Light water pool

Refocusing
magnet
“;;‘" Condenser
2 x 380 kV ILL reactor

Thermal neutron flux
at target ~ 5 10'*n/s/cm?
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N, Gas Filled Magnet : Test

BY & A=98 / E=90MeV / 233U

Magnetic Field : pressure variation inside N2
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* Oycec = \/ O-I%stat + aszyst — Systematic : Geometry/Temperature/Library/Target
« For P > 10 mbar inconsistent calculation — Density effect on effective charge calculation
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