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GELINA - overview
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GELINA - overview

Pulsed white neutron source
(10 meV < E, < 20 MeV)

= Pulse frequency 50Hz - 800 Hz
= Neutron energy : time - of - flight (TOF)

= Multi-user facility: 12 flight paths
(10 m - 400 m)

= Measurement stations with special
equipment to perform:

e Total cross section measurements
e Partial cross section measurements

FLIGHT PATHS
SOUTH
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GELINA - target

NEUTRON

FLIGHTPATHS lﬂ l
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e accelerated to E =~ 140 MeV

e-,max

Bremsstrahlung in U-target
(rotating & cooled with liquid Hg)

(y,n), (y,f)inU-target

Low energy neutrons by moderation
(water moderator in Be-canning)
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Tof - principle

Neutron detector

Evacuated tube

t=T,-T,

L -

V= —
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: c§> Cot =€
L : distance between target and detector 107l
t : time-of-flight
10-105 10° 10
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Tof - principle
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Sample Neutron detector \
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Transmission - principle
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Transmission - principle
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Transmission - principle

(1) All detected neutrons passed through the sample
C. e (2) Neutrons scattered in the target do not reach detector
Te —— M e tot .
Xp Cout (3) Sample perpendicular to parallel neutron beam
—> Good transmission geometry (collimation)
(4) Homogeneous target (no spatial distribution of n)
Neutron Sample changers Li glass Detector
target Moderators [ ] Li
] L i|| B BC
B Pb
| g DM AEENTE g _
* = I:I Ni

7.7m

10.9m
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C, )
Texp — C T= e_@GtOt

Resonance Shape Analysis: REFIT
Xz @) = (Texp — TM(t,n))T VT‘e 1p (Texp — TM(t,n))

Tw(t)= [Rt,E)TE)dE
T(E) —e~ n Gtot(E)

Transmission

n : areal density

total number of nuclei per unit area
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Example: Tungsten

* Transmission measurements ‘XZ( n ):(Yexp _YM(tm,n))T

— 25 m station of GELINA

— SLi detector
e Sample: "**'W metal disc (u, < 0.2%)

e Determine areal density by RSA (REFIT)

Transmission

° T, (GELINA, 25 m)
—— T, (REFIT & JEFF-3.2)
'l I 'l

Residual

-4 1 1 1 1 1 1 1
45 50 95 60

Neutron energy / eV
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Example: Tungsten

* Transmission measurements ‘XZ( n ):(Yexp _\(,\,I(tm,n))T v, ! (Yexp —YM(tm,n))

Yexp
— 25 m station of GELINA

— SLi detector
o
« Sample: "W metal disc (u, < 0.2%) 2
-
« Determine areal density by RSA (REFIT) e
Z
nee (at/b) 100 X N/ Nyt ' ° Ty (GELINA, 25 m)
0.0 } % ¥ ——T (REFIT&JEFF-3.2)
| 1 | 1 | 1
S
Reference (6.389 + 0.001) x 10 =
(O]
o
JEFF -3.2 (6.402 + 0.032) x 10° 100.2 + 0.5 40 L 0L L
- 45 50 55 60
ENDGF/B-VI.8 (7.009 £0.032) x 10° 109.7 £ 0.5
Neutron energy / eV
JENDI - 3.3 (7.111+0.032) x 10°® 111.3+0.5
ENDF/B-VII.1 (7.111 % 0.070) x 10°® 111.3+1.1 European
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Example: Tungsten

Library Er=46.26 eV Er=47.80eV 100 X Nnyef/Nfit

I'v/meV TI,/meV ['n/meV TI,/meV

JEFF-3.2 163.4 75.3 120.8 61.5 100.2 (0.5)
ENDF/B-VI.8 154 69 115 78 109.7 (0.5)
JENDL-3.3 154 46 119 81 111.3 (0.5)
ENDF/B-VII.1 154 (0.8) 46 119 (1.2) 81 (5.1) 111.3 (1.1)

Overestimation of n compensates for underestimation of I'_
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FP13-setup
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CBNM standard: U

U,04 reference sample

10"
ECNRM 171 out
80 -2
~ 10
_—Ultrasonic seal RS
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_—Aluminium plug [%) 10
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10* 10° 10°
 Strong impact of matrix material Time-of-flight / ns

e Beam attenuation due to matrix ~ 97%
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CBNM standard: U

U,04 reference sample
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0.035 4 i
80 0.030 4 F i i : ]
00254 ¥
_~Ultrasonic seal c T 31
S 0.020 - *
2 0.015 1 ¥
__—Aluminium plug R X §
& 0.010 - %%
3 = 0.005 - :
N 00 U308 powder ] %
ol [ o 0.000 -
& 1 | | . |
] /‘vl I I ' I
@
66 é 0 - -
H10 4
10 20 30 40
 Strong impact of matrix material energy [eV]

e Beam attenuation due to matrix ~ 97%

European
Commission




CBNM standard: U

U,04 reference sample
ECNRM 171 - . - . - .
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0.030 ] | | ,,
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CBNM standard: U

U;0, reference sample

EC NRM 171
iy S [ [
Declared [%] | Declared [%] | NRTA[%] | NRTA [%] declared
U-031  0.3206 0.0002 0.313 0.03 0.976 0.100
U-070  0.7209 0.0005 0.812 0.08 1.127 0.110
U-194  1.9664 0.0014 2.012 0.02 1.023 0.012
U-295  2.9857 0.0021 3.012 0.03 1.009 0.009

U-445  4.5168 0.0032 4.627 0.07 1.024 0.015
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CBNM standard: Pu
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CBNM standard: Pu - Contributions
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CBNM standard: Pu - Contributions
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CBNM standard: Pu - Contributions
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CBNM standard: Pu - Contributions
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CBNM standard: Pu - Contributions
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CBNM standard: Pu - Contributions
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CBNM standard: Pu - Contributions
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CBNM standard: Pu (JEFF3.3)

Certificate (at/b) NRTA (at/b) NRTA/Cert.
Pu-238 (7.970 + 0.020)E-05 (7.600 + 0.180)E-05  0.954 + 0.023
Pu-239 (5251 £0.002)E-03 (5217 +0.005)E-03  0.993 + 0.001
Pu-240 (2.120 £ 0.002)E-03 (2.211+0.002)E-03 ~ 1.043 + 0.001
Pu-241 (1.299 + 0.002)E-04 (1.318 +0.007)E-04  1.014 +0.005
Pu-242 (3.480 + 0.005)E-04 (3.601 +0.007)E-04  1.035 + 0.002
Am-241 (5.285 + 0.013)E-04 (5.086 + 0.009)E-04  0.963 + 0.002

NRTA uncertainties only due to counting statistics.

European
Commission




CBNM standard: Pu

Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241 (ENDF/B-VIII.0)

Certificate (at/b)
(7.970 + 0.020)E-05
(5.251 + 0.002)E-03
(2.120 £ 0.002)E-03
(1.299 £ 0.002)E-04
(3.480 + 0.005)E-04
(5.285 + 0.013)E-04

NRTA (at/b)
(7.600 + 0.180)E-05
(5.217 + 0.005)E-03
(2.211 + 0.002)E-03
(1.318 + 0.007)E-04
(3.601 + 0.007)E-04
(6.326 + 0.009)E-04

NRTA uncertainties only due to counting statistics.

NRTA/Cert.
0.954 +0.023
0.993 £ 0.001
1.043 £ 0.001
1.014 £ 0.005
1.035 + 0.002
1.197 + 0.002
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Minerve samples

n : areal density

total number of nuclei per unit area

C.. _
Too = - T e_@Gtot 1.0

0.8

Resonance Shape Analysis: REFIT

0.6
Xz @) — (Texp — TM(t,n))T VT‘e 1p (Texp — TM(t,n))
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Minerve samples

T(E) # e "tot
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Minerve samples

T(E) = e~"otor
TE)=f + (1- f) f p(s)eP5Otot(E) g

« Chord length distribution

 Hole fraction

* Flux profile?
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Testing for Minerve samples

T(E) = e "tot —— |
— I p(s) f=0
Il - s

— E S
T@E=f + (1 - f) [ pe PotElas — m
—_—
p(s) | f+0
« Chord length distribution g S
* Hole fraction _—
_—
* Flux profile? —_— ‘ p(s) L f#0
—_—
S
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Rod: Cu
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homogenous and f=0

45 deg rotated and f=0
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homogenous and f=0
45 deg rotated and f=0

45 deg rotated and 0
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Pellet: Ag
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Pellet: Ag
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Pellet: Ag
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Pellet: Ag
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Pellet: Ag
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Pellet: Ag

CEA/Cadarache
Transmission and capture measurements 0.9
New Ag resonance parameters §
n
£ |
e
© 0.6 » exp. data 1
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Minerve pellet: Ag

Transmission of a MINERVE sample
(1%9Ag in a UO, matrix) with a strong
Tungsten contamination (85W)
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General Remarks

EUFRAT:
open access to facilities at JRC GEEL

ENEN+:
funding scheme for training (bachelor, master, PhD, postdoc )
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Any gquestions?

You can find me at stefan.kopecky@ec.europa.eu
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