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Outline

> Neutron detectors at instruments at
the IBR-2 reactor. Current status

» Advances in B,C deposition technology
in FLNP JINR

» Projects of new detectors with boron
converter

> Development of the infrastructure for
the production of detectors with
boron converters
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Site of Instruments
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@ IBR-2 User Club website: https://ibr-2.jinr.ru/
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FSD Under construction:

*  SANSARA —small angle + imaging
* BJN —inelastic scattering

3He based detectors

Single counters > 100
PSD, 200x200 mm? 7
Ring detector of different 3

construction
Scintillation detectors

ZnS(Ag)/eLiF 2

Li-glass 2

10B based detectors

Monitor counter 1
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Development of 1°B based detector technology. Pro and Contra

“B+n—"Li*+*'He—"Li+"He+048MeVr-ray + 23 MeV  (94%)
TLi+4H, +2.79MeV  (6%)

O, = 3840 barns @1.8 A

n+3He = 3H+p+0,77 MeV

O, = 5328 barns @1.8 A

Options for use converter based on 1°B:

1. Gaseous BF;
2. Solid State thin films B or B,C
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&y Development of 1°B based detector technology. Pro and Contra""""'---\N

\TTNT=
NS INR

Advances: Advances :
» Easy to access > In_ert gas :
> Opportunity for mass production of » High capture Cross section
detectors » Moderate resolution for PSD based on counters
with resistive anode
Drawbacks: _
> Electronegative gas Drawbacks :
> Toxic High price

High pressure in chamber == thick membrane
Complicated camera cleaning procedure

For PSD — nonuniformity over the surface

Gas replacement every 5 years

Max count rate ~ MHz

Error in the position defining of neutron capture
Space resolution limit ~1 mm

» 1 counter with 3He = 3 counter with BF;

YVVVYVYVVYVYVY
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Y )
A& Development of 1°B based detector technology. Pro and Contra™~1" [N,

Aluminium entrance-window
G_aseou_s deteCtorS . Aluminium drift-electrode
with solid state converters with 1°B

Boron-layer

Adva nced: readout structure

Operation at atmospheric pressure

Gas mixture is blown through the chamber == no aging effect
Localization of the neutron capture site

High temporal ( ns) and space resolution ( <1 mm)

Easy to produce of a large area detection plane (> 1m?)

Reliability of a construction /(ﬁ a
Cheapness of materials ® )
NEZA

Drawbacks:
> Low registration efficiency (less than 5% for the layer 2 p)

YVVVYVYVYYVY

Free path length of neutron in 1°B,C [, ~30y; [, ~ 3p; [;;~ 1.3p

R. Hall-Wilton, New Developments in Detector Technology at ESS
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Efficiency

Efficiency of 1 B,C layer — _
108 + n — 7Li(0.84MeV) + “He(1.47MeV) + v (0.48MeV)  (94%) 1. Inclined geometry
10B + n — 7Li(1.02MeV) + *He(1.78MeV) (6%) n
Free path length of neutron in 1°B,C [, ~30u; I, ~ 3p; [;;~ 1.3p >
10 Acute O, | \ stoppinggas |
—o— | - 1.8 [A], gas gap - 3 mm n converter =
2 -&--| A-4.73[A], gas gap - 3 mm — X — (
8,
7 /l"\ .\l\\ d f d 1OB4C
o " .. X = —
E:. 6 ’., \_\\h‘~ Sln @
5 5 / 1__\ ]
Z ! T 2. Multy-layering d B,C
ﬁ 4 'i' TTeael L —— —
' 2 al | |2 2
g N BE g
a 3 = 3
B gl s =
o0 1 2 3 4 5 6 71 8 9 10 n | I IR @
b ®,,=90°|
Simulation of the efficiency registration of " 8 8 3 3 3 g 3
thermal neutrons by a detector with 1 B,C layer 1IN N 5 &5 ...3 3
] @ o} o o] o} @

.. !
Efficiency ~ N layers
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Multi-Grid Detector: example of successful B,C based
detector development

substrate Multi-Grid Detector Design

4
gas
volume
neutron

Multi-Grid 3He tubes — 1 inch —4.75 bar
' ! ! H H H ! ! ! ! ! 1 —
=) ; | jameter
N 09 ' 4 : } RRRRIn SRR L T
o i i p—— : 0.9 id red
(o
‘ p— " Yy 4 I - .,'/ 08
\H il \ ® .
m ‘ i \H\: LI = g g
RMLLILE v TN K o fos} $07
N § %
L o5k
00 0.6f
. 5 o4t ff: — |
MG CNCS@SNS Oak R|dge 2 ——oplimized for dstr ‘ 05
— 03f optimized for 10A §
= optimized for 6.34A |
s i i optimized for 1.8A 04 H ;
e 10 12 14 16 18 20 0 5 10 15 20
lonnth (A) wavelength(A)
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Multi-Grid Detector: example of successful B,C based
detector development

Vanadium, 3.32 meV

10 T T T T T T T : =
. . . . : ' : Multi-Grid -
e Data and instrument resolution identical He3 i
* Technology suitable for ESS instruments 10° k
Technology demonstrated, ready 2 1
for deployment 3
(&]
T ‘ T T - T 10" |- : s o _ s Jevmdmermansuz s
X Multi-Grid
-+ He3
, 10°
il s | 1 1 : |
% : -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
= : * Energy Transfer, meV
c '
= - *
[e) A
8l i iiii i PR TSR . « Advantages over He3 tubes:
'% o Foope - rate performance
- § « fast neutron sensitivity
4
10-2—””””% ,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ...................
10° 10’

energy, meV

Anastasopoulos M., et.al. (2017). Multi-Grid detector for neutron spectroscopy: results obtained
on time-of-flight spectrometer CNCS. Journal of Instrumentation, 12(04), P04030—-P04030.
doi:10.1088/1748-0221/12/04/p04030
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B,C thin film production
in collaboration with State University Dubna

Amorphous and uniform structure of thin B,C film
With the density 2.4 g/cm3, durable, flexible

The structure of the thin B,C film by

Magnetron sputtering Linkdping University, Sweden, 450°C

machine VCR-300
(LLC ROBVAC, Fryazino)

(S.Schmidt et.al., J. Mater Sci (2016) 51:10418-10428,
DOI 10.1007/s10853-016-0262-4)
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B,C thin film production
in collaboration with State University Dubna

100nm 300nm 200nm
Thin B,C film (different thickness)

on Al plates (0.5mm) Thin B,C (1) on Al foils (20u) Reels of thin B,C film on mylar Thin B,C (1p) film on mylar
Area of uniform coverage

~ 200 x 300 mm?
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Straw tubes

Ultrasound welding machine

e A ——

5%

Welded seam 1 straw tube detector

30-layer straw tubes detector(D=1cm,
converter 0B)

120
G 4 — 15 layer straw(d=1cm); B4C width - 1.0 jun
ea nt —#— 15 layer straw(d=lcm); B4C width - 1.5 pm

- S layer straw) cm): B4C width - 2.
100 B 15 layer straw(d=1cm}); B4C width - 2.0 pm

80

00

Efficiency, [%]

40

20

2 4 6 8 10 12
A [A]

Efficiency of 30-layer straw detector with 90° beam
angle.

Exp. spectra: Straw tube, D - 10mm, Ar/CO2 - (70/30), B4C - 100nm
00—

H
8§ - 7Li (0.84,1.02MeV)
“He (1.46,1.78MeV)

P coa L 1o n "
0 50 100 150 200 250 300 350 400
channel number

Multi-tube detector
' \
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Efficiency, [%]

Multi-layer detector simulation

Efficiency calculation
of a detector consisting of 15 chambers
(30 layers of B,C)

Neutrons are scattered Neutrons are scattered
Efficiency elastically w/o capture in det. elastically and captured in det.

120 6 3.0
=== | 30 layer detector; width B4C optimized for 1.2A —e— BAC width - 1.0 pm, Lavsan - 20.0 ym ‘:\'?| —o— B4C width - 1.0 pm, Lavsan - 20.0 um
—#— 30 layer detector; width B4C optimized for 1.8A — —e— B4C width - 2.0 um, Lavsan - 20.0 pm = . 5
1001 —B 30 layer detector; width B4C optimized for 4.A o\c 54 = B4C width - 1.0 um. Al - 50.0 um gﬁ 25 ® B4C width - 2.0 pm, Lavsan - 20.0 pm
—8— 30 layer detector; width B4C from JINST 12 P04030 2017 = . 7 K, UK = —a— B4C width - 1.0 pm, Al - 50.0 um
eh —— B4C width - 2.0 um, Al - 50.0 pm & ,
E *g’ —8— B4C width- 2.0 um, Al -50.0 um
801 s @ 2.0
< 9
A 2
< 8
60 1 E 3 | ._\_*/‘/_—.—/”" [Sa| 1 S ® ®
= 2
84
= Geant4 z
40 1 — o ]..0’
[P —
2 I ¢ L Geant4
L.2A Eff Max 42.146 : B4C layers : 1100-5,1150-2,1250-1,1300-1,1450-1,1650-1,1850-1,2000-3; = =
20 1 L.8A Eff max 51.8062 ; B4C layers : 800-1,900-5,1000-1,1150-2,1250-1,1450-2,1800-1,1900-1,2000-1; z 1 1 53 O S
4.0A Eff max 69.7653 ; B4C layers : 500-1,600:4,700-3,800-1,900-1,1000-1,1050-1,1250-1,1750-1,2000-1; t e ”
4.0A M.Anastasopoulos et al 2017 JINST 12 P04030 4.0A ; B4C layers : 500-6,1000-6,1500-3; g =
0 0 ‘ - 6 3 . . “ 00
2 4 6 8 10 12 2 4 6 8 10 12 ' 2 4 6 8 10 12
M [A] L [A] A [A]
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Multi-wire detector project

Proportional mode

10°
1-2 5-10
<1 22
0,3-0,5 0,06-0,2
0,5 0,5
20 100
100 100
5 40
108 5*10°
10 0,2

'\‘}l‘i“\i‘\“ !;‘EH\ Assembly and testing of a detector with an entrance
o i window of 200x200 mm,

Wire-pitch 1.5 mm,

Gap anode-kathode 2 mm, 128 channels,

Detector speed - 8.4 ns (FWHM),

Operating voltage — 2450 V

I
(AR
L i

wH. Kalmar, B. Zalikhanov et al. New method for constructing

Multiwire chambers, Nucl. Inst. and Meth., A307, 1991. p.279
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Multi-foil detector project

100

Project of the neutron detector -
based on Zalikhanov’s (DLNP JINR) [P o N 0

narrow gap chamber

A-1.8A

Efficiency, [%]

H. Kalmar, B. Zalikhanov et al. New method for constructing
Multiwire chambers, Nucl. Inst. and Meth., A307, 1991. p.2789.

—— 2.5 1° : detector efficiency
—#— 2.5 i, 2° : detector efficiency

20 —— 2.5 M, 5° ¢ detector efficiency
—#- 3.5 MKm, 1° : detector efficiency
G e a n t4 3.5 nicw, 2° : detector efficiency
== 3.5 mrm, 57 : detector efficiency

0
2 4 6 8 10 12

M [A]
Efficiency of multy-layer detector with

inclination 1,2,50 (material - Al foil 0.5 mm)

. -+ - o, 1° : neutron elastic scattering
Holders of edge Insel Do i s et
— 2.5 vkM. 5
anodes and cathodes " - 35w
z - }5;4:\:\:: 5° : neutron elastic scattering
ég) 3
2 A-1.8A
n 2,
Geant4
— o 4 Working gas 1
- — ‘ \ 4
In Converter B,C e
‘ Spring holders 3 ¢ 1 g 2 4 6 8§ 10 12
Anode wires  Stripes of anodes and cathodes X A [A]
¢ 1 1OB C !\lumber of elas‘gically scgttered n.eutrons with
1u ) M 4 inclination1,2,5° (material - Al foil 0.5 mm)
X = ) 28.6u (71.5 pat 2.5u B,C thickness)
Sin
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Multi-foil detector project

Expected performance

Anode pulse width (in base) — = 20 ns
Temporal resolution (FWHM) — =5 ns
Count rate — < 108 s'lsm2

Space resolution — 0,2x2,5 mm?
Converter thickness 1°B,C — 2,5u
Efficiency at 1,8 A ~ 65%

Drawbacks:

The precise positioning of the detector is needed
to provide the value of 2° of incident angle to the converter planes
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TDC board
FPGA

10G TCP/IP NGMW

chamber

128 wires

—

Multi-foil detector project

TDC board
FPGA
10G TCP/IP

Frontend Computer

Switcher

32 ch. Amp.Disc., 7ns res.

1
1
Shaper BLR Discriminator Monostable L\fDS I
driver | Positive
| output
pj\_ : (Op)
8pF :IL
l 1
'_7 1
8pF :
’ iy
] [}
1 L I Negative
I ! itput
Testinput | (on)
ont) | 0.2pF 0.2pF .
[ 1 s e R e
S | S| O =
| — s [ ;
| 30k |
| PSRN [P (PN SURPER
csP ) ! ’
nput on tail control Threshoid control Width control
et ! Sh_ar) (Th_atr) (MS_arl

AST-1 chip - 8-ch. ASIC,
developed by Institute of Nuclear Problem,
Belarussian State University

“Le _ °

64-ch. TDC, 1ns res.
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Resistive plane chamber

1D °B-RPC with delay line
and digitizer CAEN 6730 based
read-out

PCE with strips

Glass float

Boron carbide
Spacer

Glass float

Counts

PhD student Maria Petrova holds the
experimental module of RPC

RPC project

—— Cf-252 - neutron and gamma source (g/n=3,7)
—— Co0-60 - gamma source

45000
40000
1000 + 35000
] 30000

25000

Counts

20000
100
] 15000

10000

5000

— x1-x2

x1-x2 {psd_anode>0.2&&psd_anode<0.34&q_ancde<10000}

—— x1-x2 {psd_anode<0.2||psd_anode=0.3||q_ancde>10000}

Pulse shape discrimination (PSD) is
parameter for difference in the waveform

sha pes PSD =Qlong_Qshort
Qlong

;W 252Cf+p|ast|c modbrator 10 cm +1 cm Cd slit
0:6 I 0:8 I 1:0
PSD Cd-Mask
GND Nei:\l‘ji‘r:l:g\tl;aﬁée
HV+

+— Cd-Mask

L. M. S. Margato, et. al.

Multilayer 10B-RPC neutron imaging detector
Journal of Instrumentation 15(06):P06007-P06007,
DO0I:10.1088/1748-0221/15/06/P06007
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Development of infrastructure L

| With financial support of Russian Federation Ministry of Education and Science, Grant Ne 075-10-2021-115 from 13.10.2021

Spattering machine for B,C coverage

: : Ferry Vatt company, Kazan, Russia
of experi mental site for Max. coverage square 400x1200 mm?

detector production

»Modular machine straight through type with continuous operation

» Substrate size 650x1200 mm, vertical orientation

» Possible option is two side coverage deposition with uniformity
of 3% on the square 400 x 1200 mm?

» Single and multilayer coverage possibility

» Operation mode — “there and back”

» Possibility of upgrading with additional technological modules
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Development of infrastructure

With financial support of Russian Federation Ministry of Education and Science, Grant N2 075-10-2021-115 from 13.10.2021

of experimental site for
detector production
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Thank You

for your attention

CONTACT US:

The Frank Laboratory of Neutron Physics, JINR, Joliot-
Curie str. 6, Dubna, Moscow reg., Russia, 141980

bodnarch@nf.jinr.ru




