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A new Proton Recoil Telescope for the n_TOF@CERN facility
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Ll.ﬁ F ﬁ . The Motivation m

The role of the 3°U(n,f) reaction

:> Neutron Cross Section Standards are essential for measurements
and evaluations of other neutron cross sections

The 23°U(n,f) cross section is one of the most important standards for neutron
fluence measurements and for several applications, such as accelerator-driven

nuclear systems, biological effectiveness of high-energy neutrons, etc..

235U(n,f) is a standard at
e Thermal enerqy: 0.025 eV

* Energy range: 0.15MeV + 200MeV.
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INFN Status of the ?3°U(n,f) cross section
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INFN 235 :
(s Status of the <>°U(n,f) cross section NTOF
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No experimental data
above 200MeV. Only
theoretical models

E_ /MeV

Two sets of experimental data in
the range 20 MeV - 200 MeV

The International Atomic Energy Agency (IAEA) strongly requests new data for the
235U(n,f) cross section up to 1GeV, with the aim to improve the uncertainty within 5%.

New measurements above 20 MeV are needed!

Luigi Cosentino - CRETE17 June 12, 2017 5




INFN The experimental approach to measure the %3°U(n,f) cross section
‘ _ LNS P PP ( f ) nTOF

The Technique: Two simultaneous measurements with a suitable neutron beam.
> 235U(n,f) reaction vs neutron energy

»  H(n,n)H reaction vs neutron energy
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INFN The experimental approach to measure the 3°U(n,f) cross section
L e g PP ing) (TOF

The Technique: Two simultaneous measurements with a suitable neutron beam.
» 235U(n,f) reaction vs neutron energy

»  H(n,n)H reaction vs neutron energy

Proton Recoil
Telescope

Fission fragments detectors
(PPFC & PPAC) (n,p) scattering
(In total n.15 of 235U targets)

S E,<1GeV
Q _ . 2
.ﬁ E, = E, - cos“6

CH, target
(polyethylene)
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INFN The experimental approach to measure the ?3°U(n,f) cross section
C ATOF

The Technique: Two simultaneous measurements with a suitable neutron beam.
» 235U(n,f) reaction vs neutron energy

»  H(n,n)H reaction vs neutron energy

Proton Recoil
Telescope

o8 E,< 1GeV
‘Qﬁ Ep = Ep - cos*6

CH, target
(polyethylene)

Fission fragments detectors
(PPFC & PPAC) (n,p) scattering
(In total n.15 of 235U targets)

» The (n,p) scattering is used as a reference
reaction for the 23°U(n,f) cross section

» The Proton Recoil Telescope (PRT) detects recoil
protons emitted by the target, to measure the

neutron flux vs. neutron energy
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INFN The experimental approach to measure the ?3°U(n,f) cross section
C nTOF

The Technique: Two simultaneous measurements with a suitable neutron beam.
» 235U(n,f) reaction vs neutron energy

»  H(n,n)H reaction vs neutron energy

Proton Recoil
Telescope

Fission fragments detectors
(PPFC & PPAC) (n,p) scattering
(In total n.15 of 235U targets)

Q<°’”°& E,<1GeV
Oﬁ Ep = Ep - cos*6
CH, target . .
(polvethylene, 235U cross section relative to (n,p)
» The (n,p) scattering is used as a reference O 55 unf anpQgeoN FF
reaction for the 233U(n,f) cross section —
(n.f) (do, /dQ)  nyeLN,

» The Proton Recoil Telescope (PRT) detects recoil

N: detected events

n: sample areal density
Q: PRT solid angle

e: efficiency
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protons emitted by the target, to measure the

neutron flux vs. neutron energy



235 1
/ NF ILVN ) Where to measure the %3>°U(n,f) cross section NTOE

A neutron beam with good energy resolution ‘
in a wide energy range is needed.

n_TOF@CERN

Neutron_Time-Of-Flight Facility

Luigi Cosentino - CRETE17 June 12, 2017 10



Where to measure the %3°U(n,f) cross

section

nTOF

A neutron beam with good energy resolution

—>

n_TOF@CERN

in a wide energy range is needed.

Neutron_Time-Of-Flight Facility

\10° n/cm?/pulse

Two experimental areas

25 meV<E <1 GeV

m“

V' 25 meV<E <300 MeV
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INFN EAR1@n_TOF: The time distribution of the neutrons V/\
(s NTOF

Thermal energy

1G‘eV 500MeV 100‘MeV Neutron Energy
®

Signal - IIEvent 1 Movie 0 (SCIN-8)
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12000
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v— Flash A typical time distribution of neutron - induced events in EAR1.

By subtracting the baseline the clean signals are extracted

= Time of Flight vs. neutron energy
» The y-Flash is produced by the interaction of the = . T T
i
protons pulse in the spallation target. 8 1000
@ 3
» lItis the time reference to measure the time of flight of E
the incoming neutrons and hence their energy. ‘é”
% 100
» Shorter the y-Flash pulse width, higher the maximum 2 §
kinetic neutron energy that can be detected . 1x107 1x108 1x10°

Neutron energy (eV)
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EAR1
Llﬁﬂis The neutron flux in EAR ATOE

Energy distribution of the
neutrons flux

n TOF@CERN facility has all the
requirements to measure the 23°U(n,f)
cross section normalized to the (n,p)
scattering.
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Llﬁﬂis The neutron flux in EAR ATOE

Energy distribution of the
neutrons flux

n TOF@CERN facility has all the
requirements to measure the 23°U(n,f)
cross section normalized to the (n,p)
scattering.
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The Proton Recoil Telescope
» To be used in a wide energy range: 10MeV - 1GeV
» AE-E particle identification to separate the recoil protons from the other light particles
» Working in coincidence mode to reject the background events

» Fast response to gamma y-Flash
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INFN The Proton Recoil Telescope
(e P nTOF

Two different telescopes to be developed at n_TOF

’—I——~

~

PTB - Germany (INFN - Italy )

b Physikalisch-Technische Bundesanstalt
I‘al ! Braunschweig und Berlin INFN )
] Nationales Metrologieinstitut L/ di Fisica Nuotoars

_— o =
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afﬁs The tapered multilayer Proton Recoil Telescope NTOF

Six detector layers to cover the
full energy range

Scint. 3

Scint. 2

Scint. 1

CH,target

o"°“‘5

Lwaam_ geco“ i
| —>

2 Silicon detectors 300 um thick
4 plastic scintillators BC408 (t = 2.1 ns) 0.5cm, 3cm, 6cm, 6cm
Fast PMT (Hamamatsu R1924A)

vV V VYV VY

CH, target (polyethylene): 2mm — 10mm
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afﬁs The tapered multilayer Proton Recoil Telgscope NTOF

Six detector layers to cover the
full energy range

CH,target

Thin_scintillator. Double ended reading to
reduce the dependence from the position of
the protons on the scintillator surface.

2 Silicon detectors 300 um thick
4 plastic scintillators BC408 (t = 2.1 ns) 0.5cm, 3cm, 6cm, 6cm
Fast PMT (Hamamatsu R1924A)

vV V VYV VY

CH, target (polyethylene): 2mm — 10mm
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INEN Monte Carlo simulations
( ws NTOF

Scint. 4

Monte Carlo simulations have
allowed to study the response Scint. 3

of the PRT
Scint. 2
Scint. 1
CH,target (10mm)
Resolution is sufficient to separate
" Neutrons beam protons from deuterons -
' H Entries
~ 60 MeV Mean x
Std Dev x
Std Dev y
‘I
60
Sciz, MeV
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INEN Monte Carlo simulations
(. s NTOF

Scint. 4
Monte Carlo simulations have
allowed to study the response Scint. 3

of the PRT
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. i
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INEN Monte Carlo simulations
(. s NTOF

Scint. 4

Monte Carlo simulations have
allowed to study the response Scint. 3

of the PRT
Scint. 2

Scint. 1

Recoil protons
> 150 MeV
CH,target (10mm)
~Neutrons beam h2ResPol10
R E Entries 10943
~ ] Me 336
200 Mev ﬁ . Me::; 47.7;
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I . Std Devy 19.42
0 .-' :._:- 2 2a ; 30
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INFN How to place the PRT
L s P NTOF

In the experimental set-up the
scintillators are compacted together

0= 20 deg & 30 deg

The aim is to reach a statistical uncertainty around 2% within

neutron energy regions of 5% relative width.
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(n,p) cross section vs. angle of recoil protons NTOF

50 MeV 150 MeV

6.0

e LA150
- VL40

e LA150
- V040

(do/dQ) / (mb/sr)

(do/dR, xa) / (mb/sr)

0 30 9 /o 60 90

300 MeV

s = o MCNPX
g % — SM94
css 8ttt 0e.,
0 30 8/ 60 90

Y 20-30deg
Theoretical team is working to quantify the uncertainties

Luigi Cosentino - CRETE17 June 12, 2017 22



INFN Select only the events due to hydrogen atoms in the CH, target
- we NTOF

CH, C ‘H,’
target target target
Measurements with graphite targets to
subtract the contribution of the competing —
reaction 12C(n,x) in the CH, (polyethylene) - —
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INFN

Test of the first prototype @ n_TOF

LI LI LI} LI LI LI LI LI
| | | | | | |

FWHM ~ 10ns

1 P | ' | |

Typical pulse
PMT+scintillator

10400 10410 10420 10430 10440 10450 10460 10470 10480

Time, ns

Energy spectra
Scint.4 @ En = 200 MeV

AE - E plot
E,= 150 — 250 MeV
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Conteggi
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A very preliminary flux reconstruction with the PRT prototype

in the neutron energy range 10MeV - 500 MeV
(a few days test beam)

INFN

L/_ LNS nTOF

45000 T T T

Evaluated flux 201 1ttt
40000 7

* _

35000

dr/din(E)

15000
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30000
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20000

1

1

. | |

.""'¥'|Il*"g" .

1

1
1x108  2x108  3x108 4x108 5x10%8 6x108  7x108

Neutron Energy (MeV)

Alignment of the PRT to the neutron beam

C: counts

C n: sample areal density
was not perfect P, = 0 solid angle
nQEO' e: efficiency

o: (n,p) cross section

The amount of material in the PRT mechanics

must be reduced, in order to cut down the

background events
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aFN Conclusions m

« The Proton Recoil Telescope allows to distinguish the recoil
protons from y rays and heavier particles, in a wide neutron

energy range
BUT

* A new mechanical setup and an optimized shielding for silicon
detectors are needed, in order to suppress the background
events

A final test of the PRT is foreseen at CERN in september 2017 with a
renewed telescope sample, to finalize its configuration.

The measurement of the 23°U(n,f) cross section at n_TOF @CERN is
planned for 2018.
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Sci1+5¢i2+Sci3, MaV
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10-mm Polyethylene

Efficiency

GEANT4

\

Solid
angle
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Areal density
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Courtesy of Cristian Massimi
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section

E, MeV
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TIAEA (2015)
2007 Nolte

1991 Lisowski
1991 Carlson
1987 Rapaport
1978 Kari

1976 Leugers
1975 Czirr

1963 Pankratov
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1955 Goldanskiy
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Theoretical estimates using the 23°U(p,f) reaction above 600 MeV as guidance.

1 1 1 1
50 102 5102 103
Incident Energy (MeV)
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Analysis

- Experimental data:
- O~ (23+2)°
— AE; =2 mm, 5 mm EJ228, AE, =5 mm EJ228, E = 80 mm EJ204
— No particle separation

« Comparison with MC simulations (MCNPX 2.7):
— E, <150 MeV: LA150 library for n and p
— E_ > 150 MeV: default INC model
— Tracking of p and d
— Non-linear light output simulated
— AL/L = 10% for E-detetector

Courtesy of Ralf Nolte
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