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Motivation — Why 233U ?

* Key nuclide in the Th-U fuel cycle governing:
e Neutronics performance
* Economics 10?
* Nuclear safety
 Proliferation resistance properties
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Cross section

Motivation — Looking at existing data
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n_TOF in a nutshell

2 beam lines (185 and 20 m)
2 experimental areas (EAR1 and EAR?2), both Class-A lab

EAR2

~Collimators

7

Sweeping ——4
magnets

Some numbers

Wide energy thermal to thermal to
range 1 GeV 300 MeV

High
instantaneous
neutron flux

10° 106
n/cm?/pulse | n/cm?/pulse

Low repetition <0.8Hz
rate (1 pulse/1.2 s max)

High energy AE/E=10" AE/E=107
resolution (@10 eV) (@10 eV)
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n_TOF: Peeking into EAR1
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Experimental Setup — Gamma Detector

n_TOF’s Total Absorption Calorimeter (TAC)

« Almost 41T spherical array of 40 BaF, crystals

« Absorber (polyethylene + 7.5% Lli) to reduce
neutron scattering into the BaF,

* |nner diameter:
« TAC: 20 cm
« Absorber: 10 cm (1)

« Sum energy Eg,,, and
crystal multiplicity m,

v/n]'0¥F I@ E m @‘@E NBG ;e WONDER 2018 - Aix-en-Provence | M. Bacak | 10. October 2018 | 6



C A CC A
Novel Flssion CHamber (FICH) b — l | “ |

Compact — cylindrical chamber @9 cm x 12 cm
Simple ionization cells

» 14 cathodes/deposits (10 um Al each)

« Readout from 8 anodes (20 um Al each)

2 stacks inside
the chamber

Fast signals (34 ns FWHM) for
high a-count rates (>1 MBq per anode) :
* Fastionizing gas CF, @ 1.1 bar
« Dedicated electronics (CEA/DAM/DIF)

« Gap width: 3 mm @ 1.4 kV/cm

14 unsealed 233U deposits

233
molecular plated by JRC-Geel: U 99.936
* 4 cm diameter 234 0.0496
* 46.5mg U total 235 0.0012
236 0.0002
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Fission



FICH — Amplitude spectra
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FICH — Amplitude spectra

1.6eV<E ,<19eV

/

20 meV < E <10 keV
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FICH vs. Tagged — Amplitude spectra
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FICH — a-FF separation

— FICH b<tof<15us

cts/ng/us

— FICH 1.6<E,<\9 eV scaled
FICH E,<10000 scaled

—
o
A

1078

—
o
%Y

lux (neutrons/cm?/pulse)

—9 III\|III\|IIII|IIII|IIII|IIII|IIII|I\II|IIII|IIII
10701000 2000 3000 4000 5000 6000 7000 8000 9000 10000 [  ESetofels Uus < 800 keV<En<7 MeV

amp (adc)

- increased Fission/alpha ratio

V/n]..FF I@ E m *‘@E NBG ;e WONDER 2018 - Aix-en-Provence | M. Bacak | 10. October 2018 |12




FICH — a-FF separation
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FICH Efficiency



FICH Efficiency — Method
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FICH Efficiency — Method
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Counts for 10 MeV < E_ < 20 MeV
are mostly from fission

=» Very restrictive condition

15

only true if the detection
probabilities of a fission
event in the detectors
(FICH, TAC) are independent
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FICH Efficiency

0.914d—

€ricH

1.5 eV<E <2.0 eV
0.912
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FICH Efficiency — amplitude thresholds

ampy, >2500 adc
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FICH Efficiency — amplitude thresholds

ampy, >3000 adc
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Efficiency - Correction

* Experimental fission efficiency for various amplitude thresholds amp,,

amp,, >
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Capture Preliminary



Capture — Sources of background
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Capture — Sources of background
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Capture — TAC response

cts/trigger
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Capture — TAC response
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TAC Capture response — various E.
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Capture — TAC response background le
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Corrections — Simulations

_l "’“m' | ] §014l [ T [ _\x;.‘m I 7
* Full geometry implemented in geant4 D e
* Verify MC with experimental data e m .
of y-sources (137Cs, 88Y) R
. . : 0.002 -
* FISSIOn an d ca ptu re %500 400" 600 a;Jo 7000 1220 1&23; T T 1'006'1'2261;:29)
Ca Sca d e S fro m D I Ce B OX T SR R A ALY L R R |S[“|1w T l§-035‘_"rrTwTw‘rr"rﬁ' L L R R il:“r;ﬂ’“ﬁ"
. | T B Y
* Fission neutron response R e
ma B 1
----Mon.|e Clrlo_: 0002_ \ ""Mon.le Carlo
H HP- . ] .0015 |
e Calculate detection efficiencies ] :
0.001
 Calculate corrections (dead time, ...)

»
i
oy
o ;
J.,J»:’j a.uu-dl ._-l k

[ et e eee il K T
% 57;6 1000 1500 2000 2500 3000 3500 4000 00 500 1000 1500 2000 2500 3000 3500 400
Eg m(keV) Eg,m(keV)

v/n]..FF I@ E m *"@E NBG i *MC by E. Mendoza WONDER 2018 - Aix-en-Provence | M. Bacak | 10. October 2018 |28



e Data reduction successfully performed

* Final a-ratio in 2019
* Resonance analysis (including statistical analysis of resonances)
* Publication & EXFOR
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|.  Motivation V. Fission
 Amplitude Spectra
* Efficiency correction

|.  Experimental Setup
. n TOF V. Capture

* Sources of background
* TAC response to capture

* Detectors

_ _ VI. Summary & next steps
Il. Tagging Technique
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Tagging Technique



Tagging — Coincidence & Event Selectic

e TimeWindow in TAC: 12 ns

e TimeWindow FICH-TAC >= TimeWindow TAC

* Choose a time window where as little as possible FF are lost while a
reasonable coincidence time is assumed
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Tagging — Coincidence & Event Select

4 Types of Events: Fe FICH Event Selection, choose:
a. 1FICH for 1 TAC a. Easy (75%)
TAC
. FICH
b. 1FICH for 2 TAC b. Larger m_ then E. . (24%)
TAC

c. Larger amplitude
(loss of FICH signal!)

Cc. 2FICH for 1 TAC

d. FICH - larger amplitude
(loss of FICH signal!)
TAC - Larger m_ thenE

d. n FICH for m TAC

Sum
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Experimental Setup




n_TOF at CERN

PS Protons

Neutrons A
(20 GeV/c)

| (meV to GeV)

1 cm cooling (water)

4 cm moderator (water/borated water)
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PSA - FICH performance
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Tagging — Coincidence & Event Selectic

e TimeWindow in TAC: 12 ns

e TimeWindow FICH-TAC >= TimeWindow TAC

* Choose a time window where as little as possible FF are lost while a
reasonable coincidence time is assumed

> Cragg / Cricy > 99% for FFs
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Tagging — Coincidence & Event Selectio
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Tagging — Coincidence & Event Selection
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Tagged — Amplitude spectra

1.6eV<E ,<19eV

20 meV < E <10 keV
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FICH vs. Tagged — a-FF separation
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FICH vs. Tagged — a-FF separation
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Fission y-rays — E
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FICH Efficiency
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FICH Efficiency — amplitude thresholds
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FICH Efficiency — amplitude thresholds
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Efficiency — Open Question
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Efficiency —

Open Question

* Investigate how the amplitude spectrum changes applying different cuts in
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Capture — TAC response for m,,
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Capture — TAC response for m,,
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FICH — Cross Section
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