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The ELISA Spectrometer at GELINA

32 organic liquid scintillators
at 8 angles

° 16 EJ301 / EJ309 (CsHo)

° 16 EJ315 (CsDg)

The GELINA Facility at EC-JRC Geel

faculty of science energy and sustainability
/ and engineering / research institute groningen



The ELISA Spectrometer at GELINA

32 organic liquid scintillators
at 8 angles

° 16 EJ301 / EJ309 (CsH.o)

° 16 EJ315 (CsDs)
235U parallel plate
fission chamber (FC)
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The ELISA Spectrometer at GELINA

32 organic liquid scintillators
at 8 angles

° 16 EJ301 / EJ309 (CsH.o)

° 16 EJ315 (CsDs)

235U parallel plate
fission chamber (FC)

Modification: 4 NaI(Tl)
° (25 cm x 30 cm
° Enables n-v coincidence techniques

The GELINA Facility at EC-JRC Geel
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Targets:
2C - 11 mm

208Ph — 1 mm
208Ph — 3 mm

lsotope_ ENR %]

208pp 88.110
207Pp 0.8943
206Pp 10.988
204Pp 0.00758

2°Pph — not yet analysed

The GELINA Facility at EC-JRC Geel
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Motivation

° Test n-y coincidence technique

© Inelastic at ELISA restricted to nuclei with spaced levels:
2C, >*Fe, etc.

© Coincidence analysis may allow (n,n’y) measurement for
formerly inaccessible nuclei

dn/dL (10% Mev?)

D? LA 1 -
O 04 08 1.2 16
L (MeV)

TOF =[976,986] ns
G. Gkatis, PhD thesis
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Data Analysis Procedure — Elastic Scattering

1) Neutron/gamma separation
2) Subtract sample-out data

3) Detector response

5) Elastic/inelastic separation

)
)
)

4) Neutron fluence
)

6) Multiple scattering correction
)

7) Extract cross sections
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Data Analysis Procedure — Elastic Scattering
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2) Subtract sample-out data | a4
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Data Analysis Procedure — Elastic Scattering

. | . . . . .
1) Neutron/gamma separation 10° = |det B8 (16.2°) E

2) Subtract sample-out data nate tota]  —

"C neutrons =——
"C gammas

3) Detector response

4) Neutron fluence

Counts

)
)
5) Elastic/inelastic separation
6) Multiple scattering correction
)

7) Extract cross sections
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Data Analysis Procedure — Elastic Scattering

' I ' ' I ' I [
1) Neutron/gamma separation 10° £ |det B8 (16.2°) natc total
E "Cneutrons ——

"%C gammas
sample-out neutrons -

2) Subtract sample-out data

3) Detector response 10° £ =
: sample-out gammas .
4) Neutron fluence (%
= [
5) Elastic/inelastic separation § 10" £
6) Multiple scattering correction
7) Extract cross sections 10° ¢
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Data Analysis Procedure — Elastic Scattering

700 ! |
_ Det. Al 1 p

1) Neutron/gamma separation | ata |

600 ——  Background subtracted
2) Subtract sample-out data —— Model fit

500 [ =
3) Detector response | I|H l“ﬂilllllhll]ﬂhm TOF =[1188, 1189] ns

AT L e | ) E,=2.0 MeV
4) Neutron fluence 2 400 - |fl I IH| 7
5 IIl
5) Elastic/inelastic separation S 300 - “‘i"‘!‘.!m i
6) Multiple scattering correction iiﬂ!!__
| 200 L i |

7) Extract cross sections i

100 - "“ -

i
III
| | | | S e,
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
L [MeV]

university of faculty of science energy and sustainability
gr onin g en and engineering research institute groningen 1 2



Data Analysis Procedure — Elastic Scattering
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1) Neutron/gamma separation o 1 | |
2) Subtract sample-out data 0ph I mm |
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Data Analysis Procedure — Elastic Scattering

10k~ T 7~ " "1
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Data Analysis Procedure — Elastic Scattering

1) Neutron/gamma separation
H

4) Neutron fluence I3 0 1
QQ O’j:l

5) Elastic/inelastic separation

)

2) Subtract sample-out data ~
)
)

6) Multiple scattering correction

7) Extract cross sections n

Hﬁtc
11 mm X 2 110 mm
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natC(n,el) Multiple Scattering

MC corrections unreliable for thick samples:
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natC(n,el) Multiple Scattering
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natC(n, eI) Multiple Scattermg
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natC(n, eI) Multlple Scatterlng
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do/dQ [b/sr]

do/dQ [b/sr]

natC(n,el) Differential Cross Sections
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natC(n,el) Angle Integrated Cross Section
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208ph(n,el) Analysis

Correction required for scattering on non-"*Pb isotopes
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208Pph(n,el) Multiple Scattering + Isotopic Corrections — 3 mm
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208ph(n,el) Differential Cross Sections
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208ph(n,el) Angle-Integrated Cross Section
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208ph(n,el) Angle-Integrated Cross Section
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do/dQ [mb/sr]

**Pb(n,el) Differential Cross Sections
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do/dQ [mb/sr]
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208ph(n,el) Differential Cross Sections

ELISA (1 mm) - Preliminary
JEFF-4.0

TALYS JLM

Day 1965

Guenther 1978

Fowler 1966

Similar discrepancies observed by
Dupuis et al:

Challenging microscopic structure and reaction models
for nucleon scattering off nuclei in the A = 208 mass
region

M. Dupuis®, G. Haouat, J.-P. Delaroche, E. Bauge, and J. Lachkar®

Show more v

Phys. Rev. C 100, 044607 - Published 11 October, 2019 I

DOI: https://doi.org/10.1103/PhysRevC.100.044607
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Conclusions

° Improved multiple scattering corrections °2*Pb(n,el) differential cross sections
= Verified with "*C(n,el) cross sections measured from 1 to 8 MeV
= Reasonable coherence with JEFF-4.0
and exp. data at most energies/angles
= Disagreements at certain energies

university of faculty of science energy and sustainability
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Conclusions

° Improved multiple scattering corrections °2*Pb(n,el) differential cross sections
= Verified with "*C(n,el) cross sections measured from 1 to 8 MeV
= Reasonable coherence with JEFF-4.0
and exp. data at most energies/angles
= Disagreements at certain energies

Outlook

© Analyse **°Pb(n,el)
= Improve isotopic corrections in **Pb analysis

© Analyse ****%Pb(n,n’«y) through coincidence analysis

university of faculty of science energy and sustainability
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Gate on E, in Nal detectors

Random coincidence background

n-¢y coincidence data

natC — all detector pairs
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/

Neutron Detection Efficiency
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2%Pb(n,el) Multiple Scattering + Isotopic Corrections
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/ GELINA

ELISA: schematic

32x liquid scintillator

800 Hz 100.6° 79.4°
121.7° 58.3

142.8° ,\:\ ﬁ
* ~
. o Qond
163.8 QQO 9
FC
27 m

o]

37.2°

° Neutrons from #3#U(vy,xn) & #3¢U(,f)
©235(n,f) monitor (FC)
° E, detection range: 1 - 8 MeV
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Calibrating Light Output & Resolution

5 Source Ey (keV) E. (keV)
af: _ BS 4 B% L+ B% I/ 37Cs 662 477
570 394
207R; 1064 858
207Bi 1770 1547
——— ] 2 511 341
B,=0.020 B,=0.001 B,=0.028 Na 1275 1062
2x1072 232Th 2615 2382
AmBe 4438 4196

1.5x107° |

Counts

5x1073

0x10° i T o
0.25 0.5 0.75 1 1.25 1.5

Light Output [MeV]
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Q; [arb. units]

25k [~

20k

15k

10k

5k

Calibrating Light Output

I

Q. =-197.4 + 5906 - L.

AmBe

Source  Ey (keV) E. (keV)
Bics 662 477
570 394
2074 1064 858
1770 1547
511 341
*Na 1275 1062
232Th 2615 2382
AmBe 4438 4196
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Response to Neutrons

Simulate monoenergetic neutrons L 5x10° ]
o Convert recoil energy to L [MeV] i El-ggé
> th_eor. L-die}tribution | - E}:BIS
> Fit to quasi-monoenergetic
neutrons from "C sample .- |
>
S |
° EJ-301 / EJ-309 (C8H1o) 5x10” i
or EJ-315 (CeDs) |
Scintillation - v
= : liquid 1,Optica| window 0><10°0 - 1012' | loi4l | Ioia | '018' - i
P
| -~ PMT glass

. 1
Housing PMT shield
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