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Motivation Argo Tibet 6700 m?
Resistive Plate Chamber (RPC) |

A type of gaseous detector developed in the 80s for large
detection areas at low-cost - Santonico, R. Cardarelli (1981)

Widely used in HEP and Astroparticle Physics

New application are emerging, e.g., in muon tomography and

ATLAS@CERN
RPC-PET scanners CMS@CERN
HARP@CERN (TOF)
ALICE@CERN (TOF)
This work FOPIRSS! (ToF)
Lo . i STAR@RHIC (TOF)
A neutron detector combining timing RPCs e i
with "°B,C thin films e
HADES@GSI TOF Wall ~8 m?
RPCs can offer: : ik

[\ 15 ' ST
e Accurate timing (sub-ns) and good spatial (100 ym) &&= o
resolution

Modularity and scalability

Large detection areas at affordable cost



Timing RPC detection unit (double gap)

Ystrips L hin-film PCB: X,Y signal pick-up strips (Cu)
Polyimideq
X-strips /~

Float glass 10B,C
B_RPC Jd— Spacers Gas gap
Al - Plate coated with 1°B,C
(1.5 mm)| —
‘4- Spacers Gas gap . -HV
Yestrins Float glass
Polyiu})ideS[ ________________ GND

X-strips

Thermal neutron

= |
o 7Li(0.84 MeV) + *He(1.47 MeV) + 7(0.47 MeV). 94% Al - Cathode =
Y 7Li(1.01 MeV) + “He(1.78 MeV), 6%, 2 3\
= |V
Sisil



Timing RPC detection unit (double gap)

PYfSt'ripSl Thin-film PCB: X,Y signal pick-up strips (Cu)  pacictive layer Sta N d a I one an d
olymide{== !
X-strips H H
[ Float glass 1B.C versatile unit
WBRPC J« Spacers Gas gap 4
« 1—5 ) Al - Plate coated with 1°B,C
- @« Spacers Gas gap [ ) flex PCB: arrays of signal \
Yostrips | Float glass «GND \RICk-up strips (cooper) &
e R \
X-strips ? ? Charge preamplifiers § Resistive layer
PEEK space

Al-plates (0.3 mm thick) coated with '°B,C
("°B enrichment > 97%) at the ESS Detector
coatings workshop (o) evmovean
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Only ~ 5% (A_=1.8 A) detection efficiency for a single "°B

neutron incidence

Two approaches have been adopted so far
to improve it:

Multilayers (neutron at normal incidence)
similar to, e.g., Cascade [1] and Multigrid [2] neutron
detectors

Inclined geometries (neutron grazing angle
incidence), like in, e,g., the Multiblade detector [3,4]

[1] B. Guérard et al.,NIM A 720 (2013) 116

[2] M Kohli et al 2016 J. Phys.: Conf. Ser. 746 012003
[3] B. Guérard et al. NIM A 554(2005)392

[4] F. Piscitelli et al., 2014 JINST 9 P03007
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The nRPC-4D concept

e Multilayer configuration

o Stack of 10 timing RPCs units o == A= m = —+GND
L. L. __ @+ Spacers Gas gap ®
e XYZ position and timing 1| Al-Plate coated with °B,C —{E?J\v
L . . @+ Spacers Gas gap ®  -Hv
o Sub-millimeter spatial resolution Float glass
Flex2 e e acsescsesassassas s = 4_3":“8

Float glass

__@-« Spacers Gas gap ._
Al - Plate coated with 1°B,C
"~ @+« Spacers Gas gap ® -HV
Float glass

o Timing in the ns range

Float glass

__ @+« Spacers Gas gap ._
Al - Plate coated with 1°B,C
@+ Spacers Gas gap @ -Hv

Float glass




The nRPC-4D concept

Detection Efficiency

e Detection efficiency > 50 % (4.7 A) Simulations in Geant4 (v10.7.2)
RPC components: % : . e ta
e 0.33 mm thick glass anodes (soda lime glass) ’é 65 WGP -
e 0.30 mm thick cathodes (Al alloy 5754) g 5 - . .' ‘ A ‘.
e 0.28 mm wide gas gaps filled with R134a (1 atm) g ‘j g ‘ .
e %B,C layers ('°B enrichment level of ~97%) of g 3 The sum of all 4
S

O

various thickness: : contributions adds up to .
. o , N
T odpmiorRne o ? % 2 59..8.A> total detection
; efficiency.
0.6 ym for RPC 4 to 7 .

o 2.2umfor RPC 81to 10
1 2 3 4 5 6 7 8 9 10
Index of double gap RPC

Primary neutrons (4.7 A) generated as a pencil beam
with normal incidence at the center of the detector.

All '°B,C layers with the i
il same thicness i
|

p Index of double gap RPC



RPC10 Al - Plate coated with 1B,C
@ Spacers Gas gap ® -Hv e lonic

Readout of the Z- coordinate and timing

Flex 1 GND
Float glass i
. o N Cathode signal
RPC1| ~ Al-Platecoated with ’B,C e Identification of the double gap timing
‘Froftp:;e;: G ® - RPC where a neutron is captured
Flex? e s a s e e e ENB _— . .
Float glass e Event timing information
__ @+ Spacers Gas gap [ - : g
RPC2 Al - Plate coated with 1°B,C
@+ Spacers Gas gap ® -Hv
Float glass %
Flex3 o= *GND
. Signal components
Floatglass OND e Electronic
G spacers.____Gasgap @ (very sharp)

Float glass

Flex 11 [ ————————————rme——e—— GND RGN Lo “w"ﬂ'“‘\”’W“'\"‘\“‘M‘*“"“\@“\\““\“‘“”\“W\W“‘*‘\f"“\‘*h'\W\\‘\W‘\wVW‘“‘#\&"“\«?\W
1
!
I

T T WO GO VWA OO0 VoW Ve VOS W VOV 00V S D VO
Md.0us 128MSk B0 Onsipt
A Oh3 » B20mY




Readout of the XY- coordinates

Flex 1

Hostgloos GND XY strip arrays, normal to each other, facing

@« Spacers Gas gap [ \J\/ the anode glass plates
RPC1 Al - Plate coated with 1°B,C .
T o 10 x RPCs: 11 x 2 x 200 strips (4400)
Float glass

Flex 2

Float glass

@« Spacers Gas gap o X (Y) strips, of each array, with the same index
RPC2 ||| Al-Platacostedwith °H,C interconnected and read by the same
@+ Spacers Gas gap ®

electronic channel
\s s
EER - — — —— ————— *GND
* . ? - 400 elect. channels

- Consequence: ambiguity in the '°B,C layer
where the neutron is captured for a previous
XY strip arrays geometry we've used

y J
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Readout of the XY- coordinates

> Arrays of strips in the previous design

>

Spatial resolution ~ 0.25 mm FWHM (X-coord.) Z

(@)

o

/ Event density vs XY X1 projection \ B

Ezo lwh =0.254053 <

> 500 m 0“5455 4\
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a >

300 J |‘ S

L =

= 200 j LL g~ :

5 ‘ =

00 ij‘ \’L_L (i|.)

200 =15 =10: % 0 6 10 B 20 om‘rhozv o o2 he ;

’ ' o Distance, mm mv)

\_ - 2

Beam collimated by a vertical Cd slit o

N

Position reconstruction: COG algorithm R
(x,y) - reconstructed event position K j
o S, - signals from the strips; ZX,S, y :ZKSi
Sl X., Y, - positions of the strips Q'S 2'S,
L1
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Readout of the XY- coordinates

> Arrays of strips in the previous design

250 0.50 mm FWHM
P, AT 0 DAY i L SR S o NN S SN (5, 200~
150
100~
50—
OM.\‘.‘\.HMH\.HM‘.
0 06 -04 -02 0 02 04 06 - . 04
-20 -15 -10 -5 0 5 10 15 20 Distance, mm Distance, mm

X, mm

Spotted misalignment between the strip arrays for the Y coordinate

To perform misalignments corrections between the XY arrays of strips is
crucial to identify the 10B4C layer where the neutron is captured

¢€080d 9T LSNII 120¢ [P 19 NOZOJOIN 'Y



Identification of the '°B,C layer where the
neutron is detected

e New geometry for the strip arrays

Thin-film PCB: X,Y signal pick-up strips|(Cu) Y - stri
S - Y - strips
Float glass X -stips | Neutron capture in the top '°B,C layer
@~ Spacers Gas gap ® . — | X-sum signal > Y- Sum signal
Al — Plate coated with °B,C |
@« Spacers Gas gap @&
Foat e . Neutron capture in the bottom "°B,C layer
________________ — Y -strips | x_ Sum signal < Y- Sum signal
§§§ . §‘\X-strlps
<«<—— Charge preamplifiers —>

\
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Detector prototype

Front: Aluminium entrance Back: Front End Electronics and
window (0.2 mm thicK) triggering boards (custom)

Front End Electronics
e Boards with 24 charge PAs
(50 mV/pC)

Timing amplifier
e Polarity (bipolar)
e Wideband amplification
(gain 60 @ 1GHz)
e LVDS output

DAQ - TRB3 (trb.gsi.de)
e 48ch 10 ps TDC
e ADC addon (48 ch 40 MHz
streaming ADCs)



Detector 15t tests at BOA beamline at PSI

Cathode signal
PA
Discriminator
Cd slits 6.87 m

Trigger
signal

Neutron beam [ I
:>I Chopperl Vacyzm(ébe I

soluon29|3
pu3juoid
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¥
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Number of events per bin

Measurement of the neutrons ToF

_, Time-of-Flight spectrum
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DE dependence
on neutron

wavelength

The determined spectrum shows to be in good
agreement with data from literature

Wavelength spectrum

m Normalized wavelength spectrum
gy
3. 12 1 == BOA spectrum
& Tk
5 / == BOA @ Be filter
> 10 0.8 ~— BOA ® Be ® Visibility
£ -
C =
Q =
€ 8 2
= \ S 06
C <,
L 2z
6 g
- o 04
r E
4
L / 0.2
2 \
C N
O_HHHHHHHHHHHHHHHHHHHHHH??W’FW-&H Y
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2 3 4 5 6 7 8
Wavelength (A) Wavelength [A]

Jacopo Valsecchi et. Al.,
NATURE COMMUNICATIONS
https://doi.org/10.1038/s41467-019-11590-2
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Identification of the '°B,C layer where the
neutron is detected

Sum Signal Y Direction

12

10

X

A

o
w

.l-lr [ ]

| 8 | | | 10 | | 12
Sum Signal X Direction

600

1400

300

Frequency of Occurance
IS

05

= ! o,
o n o ) o
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Frequency of Occurance
H v B e
R T

TTTTTTT

Ix10°

TR IR RN B PRI % TR BT RATR R PR |
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Sum SignalY Direction Sum Signal X Direction

-> Allows for misalignment correction

>

between XY arrays of strips

Avoids the uncertainty (e.g., ~ 400 ns for
An =5 A) due neutron ToF through the
cathode (0.3 mm thick)
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Conclusions

e A timing RPC based neutron detector with XYZ and timing readout
capability was described

e Capability to measure neutron ToF is demonstrated

e A new approach to readout the XY coordinates was implemented:
o Ability to identify the °B,C layer where the neutron is captured was shown,

m Improved ToF determination capability and XY spatial resolution
Ongoing

A full-scale nRPC-4D prototype with 10 double gap RPCs is being assembled. The
detector characterization is to be performed on a neutron beam at ILL

@
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Thank you for your attention




Extra Slides

Pulse height spectrum

RPC 2 @ 2.2 kV
— Beam on

— Beam on (slit closed)
— Beam OFF

140 168 196
h I " |

Energy deposition in the gas gap
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Fraction of incoming neutrons
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Extra Slides

Cathode signal (electronic component)

Tektron/ix TDS 7104 Digital Phosphor Uscilloscope

File  Edit  Vertical Morizfcq | Trig| Display || Cursors | Measure | Masks M
. Tek  Stopped Single Seq i ﬁ*lﬁJunZSD?:ES:Sﬂ

TECh e e

M 5.0ns 10,0684
A Chd » 20.0my
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Extra Slides
High rate: 'B-RPCs with low resistivity electrodes

Low-resistive glass [1] Ceramics composite [2]
Bulk resistivity: ~10'° Q.cm) Bulk resistivity: 108 - 10'° Q.cm

/4

‘/;;ff = Vup — IR = ‘/;'P - (K) pl

Vap: Applied voltage
V. Effective voltage applied across the gap

I: Counting current drawn by the detector in
area A

R: Electrical resistance seen by this current

P: DC bulk resistivity of the electrode
resistive material

[1] J. Wang et al., Nucl. Instrum. Meth. A 713 (2012) 40
[2] A. Laso Garcia et al., Nucl. Instrum. Meth. A 818 (2016) 45
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Extra Slides

High rate: '°B-RPC with low resistivity electrodes

1.0E+05 =-RPC1 @ 2300V: Low resisitivity glass (1 mm)
—4—RPC5 @ 2300V: Ceramic (2 mm) —
-0-RPC3 @ 2300V: Float glass (0.28 mm) i
Py <
T 2
S =l
£ >
§' 1.0E+04 i
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® =
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1.0E+03 3
1.0E+04 1.0E+05 106406 S
©

Neutron flux (Hz/cm?)

Rate vs neutron flux (beam test at HZB)
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