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= Review of DLC-RPC




Review of DLC-RPC

ﬁUItra-low Mass DLC-RPC with single layer

« DLC based electrode

23 mm E =
0.1 % radiation length with 4 layers

= High-rate Capability s

- segmented HV supply and

relatively low resistance

Over 1 MHz/cm?

ps =T MQ/sq.

~

ps = 60 MQ/sq.

+HV

Related Talks :
kat = 160 - 170 ps with single layer, 384 pm gap width | 6pA421-1(54E)
6pA421-2(LLUA)

‘ Optimization for timing

"Ultra-low mass x X Fast timing”

Why not use this technology for future detectors?
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= Motivation of this study: Application to the new detectors




Application to New Detectors

Charged particle

= Cherenkov Detector

SN : Cherenkov light
¢ Electron multiplier usage Cherenkov radiator

UV-photocathode
\
Anode electrode |

Avalanche

* Aiming to achieve (
20 - 30 pS Wlth : +HV Readout pad :
~10 photoelectron* ‘e c o m e o oo Y

* . value of PICOSEC detector (https://doi.org/10.1016/j.nima.2021.165049 )
similar concept detector using micromegas for the electron multiplier

= Multigap-RPC (mRPC) consists of DLC-RPC

* Aiming for good time resolution (~ 40 ps) & efficiency (99 %)
by stacking DLC-RPC

* Motivation triggered by development of elemental technology

for the successor to MEG Il

L Related Talks : 7pA442-1(1&H), 7pA442-2(;th H)
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https://doi.org/10.1016/j.nima.2021.165049

= Strategy for better time resolution




= What is the main contribution of time resolution?
1.28

(@—1) “Varif

o a (E) : Townsend coefficient, describes multiplication of #(electron)

° O = ref. https://doi.org/10.1016/50168-9002(03)00337-1

o n (E) : attachment coefficient, describes attenuation of #(electron)

o Varife (E) : electron drift speed



https://doi.org/10.1016/S0168-9002(03)00337-1

= What is the main contribution of time resolution?
1.28

(@—1) “Varif

o a (E) : Townsend coefficient, describes multiplication of #(electron)

* O =~ ref. https://doi.org/10.1016/S0168-2002(03)00337-1

o n (E) : attachment coefficient, describes attenuation of #(electron)

o Varife (E) : electron drift speed

* Smaller gap — Larger E field — Better time resolution

Polyimide Al readout strip
+HV
+HV
Spacer ——— 384 pm gap 192 pm gap
DLC : -HV
-HV
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https://doi.org/10.1016/S0168-9002(03)00337-1

= Setup at Lab test




DLC-RPC

Waveform
Digitizer DLC-RPC from top side

2.5 GHz

~—DLE

L — A —
TRG counter » % readout channels

= HV scan “ g
= Al readout strip
e From 1760V to 1960V by 50 V step L<apton—, |
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= Results
 Efficiency
 Time resolution




Efficiency

= 41.5 % signal efficiency was achieved at 1960 V
* Threshold was set to 5 mV considering noise level

* 0.1 % noise contamination

RPC cho efficiency Pulse height spectra
S 05 n
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Time Resolution

= Constant Fraction (CF) Method

* if pulse shape is similar in the height direction, constant

fraction time will be the same

— time walk can be suppressed

\

Sdme fre

tio

\ CF time

voltage [mV]
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CF time at fraction = 0.6




RPC ch0 - TRG time resolution CF slice

Time Resolution

150
L ¢
c 140
S E
5130
s F RPCHV=1960V
. . O 120~
= Fraction choice <
110 —
E E .
* Besttime resolution achieved Fuwg o« ¢« o [ 0y . e
at fraction = 0.6 90? Best: fraction = 0.6
80; v by v v b v s by v v bvv v by bvvvn byvaa by ay
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
Fraction
Time difference b/w RPC ch 0 and TRG
/ . \ _ hTdiff0
In the condition of w F Entries 378600
9 800:— Mean 1.481
- HV = 1960V £ Jo0f N vt o105, 0000
w E Prob 0
-Threshold =5 mV e
F t. O 6 500:_ Sigma 0.0982 + 0.0001
- rraction = U. -
400
o(trpc — ttrg) =982+ 0.1 ps aoof- o(trpc — trc)
kwas achieved / 200f- =98.2 + 0.1 ps
1003— /
ot 0.5 1 I I1.I5I I 2I = I2?5I I
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Time Resolution

= Even after the CF method, time walk still exists...

* After time walk correction, o(tgpc — ttrg) = 90.6 £ 0.1 ps

o Correction function = o (tgpc — ttrg) — (pulse height x 0.042)°:068

— o2 hHeightT aiff0 — o2 hHeightTdiffo__|
= L Entries 378639 = L Entries 378639
£ B Mean x 1.481 -‘g B Mean x 0.8409
g = Meany  0.04505 @ - Meany  0.04505
- ) Std Devx  0.1094 T s StdDevx 0.1015
0.15/— - | StdDevy 0.03164 0.15— Std Devy 0.03164
01— 01
0.05— 0.05—
- time walk [ o
. ok
- | correction °f = 90.6 + 0.1 ps
0.5 1 15 ) - 1 PR | A . i Sl PR
tore * trag [ns) 0 0.5 1 1.5 \ 2

arc ™ trag (NS
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Time Resolution

= Intrinsic time resolution

* o(trpc) = o(trpc — tTrg) © 0(tTRG) = 84.51 0.3 ps
v Time resolution of trigger counter was measured to be
O-(tTRG) = 32.7 1+ 0.7 PS

1.28
(a—1n) “Varif

= Comparison with ¢; =

. 0, ~70psatE = 11;’26‘;::1 ~ 1.0 x 105 V/cm
* g, =190 psatE = :;:3:1 ~ 7.2 x10*V/cm

o This estimation has factor level of deviation

o Roughly showing comparable behavior




Time Resolution

= Height slice of o(tgpc) : with application to CD

 longer amplification distance ~ larger pulse height event

4 )

® First electron-ion pair

A Avalanche

o J




Time Resolution

= Height slice of a(tgpc)

 longer amplification distance ~ larger pulse height event

« Constant fraction = 0.1 gives the best time resolution

[ ~ 80 ps is achieved at large pulse height region ]

T
g 160‘_ RPC HV —_ 1960 V —@— FRACTION : 0.6
I
£ 140
_"g’ = —@— FRACTION : 0.1
-
120
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L —— +
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Time Resolution

= Height slice of a(tgpc)

 longer amplification distance ~ larger pulse height event

« Constant fraction = 0.1 gives the best time resolution

[ ~ 80 ps is achieved at large pulse height region ]

What is happening here?
P furthur study with simulation

hHeightTdiff0

[

2
0 Entries 378639

Mean x 0.8409
Meany  0.04505

Height [V]

Std Devx 0.1015

0.15 Std Devy 0.03164
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time resolution [ps]

160—

- RPC HV - 1960 V —@— FRACTION : 0.6
140—

= —@— FRACTION : 0.1
Mies fraction = 0.6

- getting worse

- —0— .
o, at large height +-
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.

- —Q—
80f- e o e an

- g e —4-
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RPC pulse height slice [V]
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» Performance estimation for the new detectors




Performance Estimation

= Chrenkov Detector (CD)

* o(tgrpc) ~ 80 ps at large pulse height events
o Average ~ 2 primary electrons per cluster*

« Assuming ~ 10 p.e. comes out of the photocathode

80 * . roughly calculated from
O-(tCD) ~ 10/2 ~ 36 ps https://doi.org/10.1016/50168-9002(03)00337-1

Charged particle

Cherenkov light

UV-photocathode
\

— RPC Avalanche Anode electrode !

+HV Readout pad
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https://doi.org/10.1016/S0168-9002(03)00337-1

Performance Estimation

= mRPC

« Assuming gy = 84.5 ps, €, =41.5 % as time resolution and efficency

for single layer, €, and g, for n layers:

En = 1 _ (1 — el)nl

Oon=

® time resolution [ps]

e efficiency

n
k=1
-10

0% Ot = 40

> toa

°
m.
® I
w70 -
2 [ ]
=
K=l
) *
2 o
L)
E 50 -
ey
40.
)
2 4

01
(n\e’fu—el)n—k 1z
k} 1—(1—61)n

11 layers will be needed to achieve

ps and efficiency = 99%




* Summary

* Prospects




= By shorten the gap width of DLC-RPC to 192 pm,
better time resolution is achieved at HV = 1960V

DLC-RPC Prototype .

gap width [um] 384 192
HV [V] 2750 1960
efficiency ~ 60 % 41.5 %
o (RPC) [ps] 160 ~ 170 84.5+0.3

= Application of DLC-RPC to future detectors were
discussed
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= Further understanding of DLC-RPC
* Simulation study of DLC-RPC

* Stack to multilayers

= Application to Cherenkov Detector
* DLC-RPC operation using UV photo-cathode







10 mV peak at noise height distribution

Baseline definition region . _ .
L , Signal time window (10 ns)
N0|se time window /
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O-(tRPC — tTRG) VS PUISe Height :CF=0.1

HV = 1960V, fraction = 0.1

— 02 hHeightTdiff0
=, ' Entries 378639
% Mean x 1.189
5]_;’ Meany  0.04548
Std Devx 0.1731
0.15 Std Devy 0.03157
12
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" " ¢ '.I" ' [ . 8
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= MPPC + plastic scintillator

« MPPC :514160-6050HS

ref: https://www.hamamatsu.com/jp/ja/product/
optical-sensors/mppc/mppc_mppc-array/S14160-6050HS.html ) .

o OPvoltage : 39.9V

« Scintillator : EJ-232 (FAST TIMING
PLASTIC SCINTILLATOR)

ref: https://eljentechnology.com/products/

- o(TRG) = 32.7 £ 0.7 ps

plastic-scintillators/ej-232-ej-232q
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= PSl amp

@ pole-zero

Z D capacitornigy =1
EWLELA(E5)

prass——

LR (HVReF: cusz 89 1 . 5

pi-attenuator \

MAé-GT cara
W), 268 ()

3 APD Signal &

HV (200V) Pi—Attenuator
Cc3 R7
x2 )1 m
<2 r
J 100n 39
LEMO@DOV 260V
IN ] g

Connectors X1, X2, X3, X4 Pi—Attenuator:

A | B c D
MAR-Amplifier for Aldo
HV Power Supply
(HVmax = 200V)
1 R1 R4 R10 L 1
— ' 1 - {(x1
1.2k l l 1.2k l 1.2k

Lo

10@pF —
la;vili i]j 200V -Ij 200V HV—=IN
12V Power Supply

1 (5%
X4
Len Lee—2C
1080 T 1uF
ToT ] oy |2
12V=IN
c6 (o]
1@@n 1@8n
L1A and L1B: D R3 L2A and L2B: D R5 —
: 560 .
ﬁrclsoe:nggigﬁ.k;:& €14 not assembled m;m{;g,pms‘ 562 C15 not assembled

68pF
L28
§ 1uH
Amplifier 3

c8 Output

I MAR—6SM

100n
Ze LEMO@DOV
ouT

Pole—Zero—Cancellation:

= iimCancelation
721 -8

c12 Pt
Assembly Options: Re R7 R2 for LEM : 10k 220pF 2k
LEMO 0 coax (LEM), 1d8: 910 5.6 910 : pF 24 Title .
o+ | o attenatively: 2d8: 470 12 470 for HFuSR: 1k 22pF MAR amplifier (Aldo V1.0)
SMA, SMB, SMC 3dB: 300 18 300 Size  |Number Rev
6dB: 150 39 150
12dB: 82 100 82 (for LEM 50 150 10K) 111.0
19dB: 62 220 62 (for HFUSR 50 390 1@k) Date  Wed Jan 18, 2012 [Drawn by U.Greuter
MAR—AMP—HMFfFHipghaMersion—Aldo_ final.sch [Sheet 1 of 1
A B | c )

Li Weiyuan
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Gain : 38 dB
PZC:1.75 kQ




Al read out strip
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