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Objectives

e TOF neutron spectrometer
for the BM@N experiment
at JINR, Dubna, Russia

e [dentification and energy
measurements of fast

neutrons
 Up to 4 GeV energies

e Measurements of azimuthal
neutron yields and flows



nDet prototype layout

e Layered 3x3
scintillator detectors

 VETO layer (no
converter)

5 layers with Pb
converters

* O layers with Cu
converters




nDet prototype mechanics

 Frame out of L-
shaped 20x20mm
Bosch Rexroth
profile




nDet prototype mechanics

« 3D-printed detector casings
e Light-tight assembly
» Options for Pb, Cu and no converter




nDet prototype mechanics

e Support structure for nDet positioning
e ~2m tall
* On rollers with retractable feet
* ~1m high shelf for readout equipment

» Shelf for additional weight on the
bottom

» Adjustable on all 3 axes of movement
and rotation

* Built with 40x40 Bosch Rexroth profile




nDet prototype electronics

 PCBs with photodetectors
* O per board
« Amplifiers included
« 20 dB gain
e 600 MHz band
e <2.2 hV/VHz noise
e +2V dynamic range
* 50 Ohm single-ended
output

e Boards are compatible with
COMPASS V3 bias supplies




nDet prototype assembly

e Detector modules are
Independent

 May be inserted and
removed with minimal
disassembly

" . Bias supply system is
modular with variable
module count




nDet prototype photodetectors

« Hamamatsu S13360-6050PE
e 6X6mm photosensitive area
e 14400 px per ch
e 50 ym px size
) ¢ 1.7x10°gain
« 40% PDE



nDet prototype scintillator evaluation

* JINR-produced fast scintillator

e Polystyrol + 1.5% p-terphenil
and 0.01% POPOP

e TiIming resolution evaluated
with a single-channel detector
and an MCP-based trigger

Cosmic
particle

Sample
detector

MCP

= CAEN

—y| digitizer » PC




nDet prototype timing resolution and light yield

Timing resolution and light yield vs crystal size, mm

12/ ndf 0.03576 /2

|p0 07158 +0.1462 |
ko LD 0.469 + 0.01201 |

[RRSS—

H T — A -
SRR CRRERRE Ty OB R LEERR ROl St L Y L
A - - I—. I ——— < —

o ey oY | i. I l{. ;o I s s i s I [0 .|_.j..;.._| s l. [ e | .I J==f =] .1 i3 s 30X30X25 35X35X25 40X4OX25

BLIRL 0 L0 L L0 . L. L0 L. 010 90 LU 80000

4 6 8 10 12 14 16 18 20

g W Resolution, ps ® Light yield, pe/MIP
mean amplitude, [mV] ps ® Light yield, p

More data will be available in I1T3 -“VI3mepeHuUe BpeMeHHO20 pa3peweHusi U cBemMoBbixoda 0bpa3yos CUUHMU/I/IAYUUOHHbIX
demekmopos 0/18 paspabambiBaeMo20 BPEMS-NPO/IemHO20 demekmopa HelimpoHoB8 akchepumeHma BM@N”



Status, conclusions and further work

» Detector Is
 Assembled
» Verified
* Deployed at the BM@N experiment

e System is ready for test runs in early
December 2022

o After test run data evaluation,
prototype scaling will proceed

e Questions are welcome at:
makhnev.a@phystech.edu



nDet neutrons energy resolution and efficiency vs kinetic energy

nDet:
780 cm, 12x12 cm, 9 mods, 4x4 cm, 10000 ev., w/o magnetic field, 82.5 cm

Veto 2.5 cm + 5 slices (Pb 0.8 cm + Sc 2.5 cm + G10 0.5¢cm + Air 0.5 cm) +
9 slices (Cu3cm+Sc2.5cm+G100.5cm + Air 0.5 cm)

Time cut in nDet: time < 55 nsec (in simulations)

Vac. in cave, neutrons multiplicity = 1, BOX generator, “Huge” spot
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Inefficiency = nb of events w/o hits in nDet / nb of analyzed events

Kinetic energy is reconstructed with hit with min. time, Efficiency [%] = (1 — Inefficiency) * 100
Edep in cells > 3 MeV and w/o hits in Veto Nb of slicesinnZDC =1, 2, su;;14)

Veto was not used in the calculations



nDet neutrons energy resolution and efficiency vs kinetic energy

nDet:
780 cm, 40x40 cm, 100 mods, 4x4 cm, 10000 ev., w/o magnetic field

Veto 2.5cm + (Ph 0.8 cm +Sc 2.5 cm + G10 0.5cm + Air 0.5 cm) +
(Cu3cm+Sc2.5cm+G100.5cm + Air 0.5 cm)

Time cut in nDet: time < 55 nsec (in simulations)

Vac. In cave, neutrons multiplicity = 1, BOX generator

Neutrons energy resolution
16

y © O 5 T o

H - . . . H . H

10 : . : : : : . B
e teaaaes L RLLITILEE Teeenaans Teeeeeenens Teeeeaeaes Teeeanas ml....

: H : . H

H H : H H

Energy resolution [%)]

N s H s s = s s
0 BN NN NN ISR SN CN NN CN NN N

0 05 1 15 2 25 3 35 4
Kinetic energy |GeV]

Kinetic energy is reconstructed with hit with min. time,
Edep in cells > 3 MeV and w/o hits in Veto

Efficiency
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Inefficiency nb of events w/o hits in nDet / nb of analyzed events
Efficiency [%] = (1 — Inefficiency) * 100
Nb of slices innZDC =1, 2, ..., 14)

Veto was not used in the calculations



