RRAFE yai
AR EERRRtE I~ Core-to-Core Program ¢ O

International Center for Elementary Particle Physics
The University of Tokyo

W

MEG I5RER(Cd51F D A58 E Pkl ¥
E_AEJT\\O)EE J/CIJL;EI:J 7_
BEYIEERPCO L — NIHEDIATT

LA 21T (BRAIE)

=11

i (A K& A AR ESLE, 38 B2t BHER
(RAE, ERFRTA HF KIS

20214F3H13H (L)
HAYIEFRET6RIFRAE

Study on the rate capability of ultra-low material RPC, focusing on the

13 Mar. 2021 operation under the high-intensity p beam of MEG Il experiment (1)

@MEG]]

(1)



Outline

* Introduction
* MEG Il signal and background
« Radiative decay counter
« RPC with DLC electrodes
» Rate capability

* Beam test for p signal size measurement
* Setup
 Results of y signal size

* Summary

Study on the rate capability of ultra-low material RPC, focusing on the

13 Mar. 2021 operation under the high-intensity p beam of MEG Il experiment (1)



MEG Il signal and background

* MEG Il searches for p—ey decay, one of charged lepton flavour
violation (cLFV) channels

e Dominant background is accidental coincidence of BG-e* and BG-y

: Radiative muon
Accidental decay (RMD)

Background .
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, In Flight (AIF)
* The same energy of 52.8 MeV | Signal-like accidental coincidence \e‘
. Opposite direction of e* and y with ~52.8 MeV energy ém‘e/

* The same timing Q
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Radiative decay counter

« Radiative decay counter (RDC) detects u*
RMD e* with 1-5 MeV energy to tag BG-y )

: : N\ Detected
» RDCs will be installed at both upstream V (1-5 MeV)
and downstream of the target
« Upstream RDC is under development Tagged
(~52.8 MeV)
\* / ~ detector
US RDC COBRA magnet ““
Under \ “ % ///V.// 74 1 DS RDC
development | \ ;. 7 (RMD), o (RMD) roc | Already
,u+ beam ﬁ : / / develOped
ot (Michel) ____ and installed
./ .......... - /\_\__(_ — _\;k_\_ e+spectr0meter
| 7 /l A
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Reguirements for upstream RDC

1. <0.1% X, material budget
< M beam with 28 MeV/c must pass through the detector

90% efficiency for 1-5 MeV e*

1 ns time resolution
Rate capability and radiation hardness for 108 p/s

ook W

20-cm diameter detector size

- Candidate: Ultra-low material Resistive Plate Chamber (RPC) using
Diamond-Like Carbon (DLC)
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RPC with DLC technology

« Diamond-Like Carbon (DLC) « MEG Il RPC design

Is used as resistive electrodes « 4 layers € Higher efficiency

« DLC is sputtered on Kapton s ep=1-(1—-¢€)"
foil | + <0.1% X, material budget

~ Small material budget can « 50 pm Kapton foil > 0.018% X,
be achieved « 100 nm aluminum = 0.0012% X,

» DLC resistivity is adjustable Al readout strip (100 nm)

- Small resistivity can be : )
achieved, which is important pic — v
for rate capability (~50 My~ B

+HV

y Kapton foil -HV
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RPC prototype detector
R

L R

 Prototype detector
performance for f from
Sr90

* Operated with ultra-low

chamber . material design
Kapton foil . :
/ (50 um) « Efficiency is dependent
Detector on applied HV
(3cmx3cm) .. .
T Rubber f « 55% efficiency is
HHE Hbber Tor achieved with single
gas-tight
] L] layer
* 90% efficiency is
o achieved with 4 layers
Aluminised Kapton i :
(1cmx ~10cm / « ~250 ps time resolution
AI100 nm) » Remaining question is
rate capability
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Rate capability

 Current originated from signal
flows in resistive electrodes
from anode to cathode

 Voltage drop of ir occurs

e Effective HV = nominal HV —
voltage drop

—> Less detector performance

Anode

+HV Cathode

-HV

DLC resistance = r

13 Mar. 2021

* Current i is dependent on signal
charge

* The signal charge of MEG Il p
beam is not measured yet

- Beam test at PSI
* Obtain p signal size (pulse
height)
* Obtain MIP e signal size (pulse
height)

 Test detector performance
under the high-intensity MEG |
U beam
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Expectation of y signal size

RMD e*
« Rate capability
<: » Expect small p signal charge
u* beam * Particle identification (PID)
RPC  Expect large difference b/w py and e
« MEG Il y beam signal size
* High intensity (<1 x 108 /s)
- Next talk Energy deposit in RPC gas volume (MC)
 Low momentum (28 MeV/c) R oe—— )
- 10 times larger energy ol e
deposit than MIP e 10 f o, u
« Signal charge is not ﬁ Ce—
pr%portionagl to energy “H g g
deposit due to space charge 0 ”‘
effect

| 1 i 1 | i
0 2 4 6 8 10
Eloss [keV]
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Setup of u signal size test

Y ax
® Lead slit Leagl
D = 3.5 mm COllimator RPC
Z

@®=1Tmm (2.4-2.75 kV)
3.2x 103 y*/s

p

decay e*

Waveform

Trigger
scintillators ut beam figfifier
RPC oy = 13 mm (700 MHz)
gy, =23 mm
2 x 107 /s Delayed

coincidence logic
implemented by

RPC basic information
* Gas: R134a/SF¢/iC4Hq10 = 94/1/5
» Single layer
» Readout from both edges of strip

(TRG)
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p pulse helght
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* RPC detects low-momentum p for the
first time
* Signal size of y is 2-3 times larger than
that of e due to more clusters and space
charge effect

13 Mar. 2021

Study on the rate capability of ultra-low material RPC, focusing on the
operation under the high-intensity u beam of MEG Il experiment (1)

11



Accidental trigger in y signal size test

Low energy

RPC- ho ......... ........... e T T Slit . n pulse helght
W‘ ' TRGs RPCColllmator | R
‘“|J| I "]‘.-w,' ! 'I[I' J k /-\('CG ntai trlg er
.......................................................................................................................................... jrf TLLA
— o
........................................................................ = :
| L
S i l i i |
o ] . I-I 10 01 02 03 04 05
...................... = Height [V]
........................ fef 4« Monte Carlo (MC) simulation was done
z-;—:. .......................................... JI- ........................................... ;- .................................... _z. . Y interacts in |ead and generates BG e—
‘EDSTRG o framoa. ol E . .
i S e-fromy /|41 3 > Accidental trigger source
A3 e* from decayl || |3 .
S K « MC reproduced the accidentally
B — T T — V_E triggered events
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Summary

* We are developing ultra-low material RPC with DLC electrodes as
MEG Il upstream RDC

 Prototype detector has enough performance except for rate
capability

* Beam test using MEG Il beam took place at PSI

* We measured RPC response to low-momentum u for the first time

« usignal is 2-3 times larger than e signal although p energy deposit is
10 times larger than e due to space charge effect

* Most of entries at pedestal would be generated by accidental trigger
from BG e

 Discuss rate capability based on obtained p signal size



Backup
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Voltage dependence

* B: Efficiency is dependent on HV
 M: Peak height moves by HV due to more clusters than e

1 pulse helght B pulse helght
. e _
',E 2 75 kV
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Space charge effect

Schematic view of avalanche

* lonized e is amplified by and electric field deformation

avalanche

« Positive ions move to cathode b k\ &« l J j
S|0W|y E1>EO

* Electric field deformation is
caused by the charged carriers

E2<EO
EO

* Eyis applied electric field

* The value of the gas parameters E3>E0
like drift velocity and Townsend / \
coefficient may vary with the v

position in the gas gap B

-

http://home.iitb.ac.in/~pradeepsarin/students/tether/Nila
driSaurabh_20123/RPC/frankfurt_thesis_RPC_physics.pdf
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Particle identification

« RDC signals will be analyzed in LXe y detected timing
- RMD is basically identified by timing in “"US” RDC
 Pulse height of y and e helps RMD tagging

Pulse height with 4-layer config
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Liquid xenon photon detector

COBRA &SI I8
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Pixelated timing counter
(pTC)

Muon stopping target
Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDC)
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Setup of MIP e signal size test

y
© decay e’
Z = =

Trigger

scintillators \ Rrpc
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.

Plastic
plate

@

Ut beam

o, = 13 mm

g 0, =23 mm
2x107 /s

H

RPC
(2.4-2.75 kV)

Waveform
digitizer
(700 MHz)

US TRG

Coincidence logic
implemented by (TRG)

- .

RPC basic information
» Gas: R134a/SF¢/iC4Hqg = 94/1/5
» Single layer
» Readout from both edges of strip
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Pulse heig

“E RPC ¢h0 ™~

décay e’ ni

TR ;ARTAIRRTAN=: = ARATI

iuz nnm | E
T RPCchl E
- ]
E H . g

1
-
——— %
B
T ISR Y
E DY 1IN
Mo
mE—
104
wfE
o g o
Sy e %

; g IIIE INRRERNNNA AN N NI NARAARNnnnn

13 Mar. 2021

MIP e pulse height
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