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Liquid xenon photon detector
(LXe)

COBRA P SLLI2 e
superciducting magne: PGS
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MEG |l & RPC

« MEG Il searches for charged
lepton flavour violating
.+ + Radliative decay counter (CDCH)
decay: u™ - ey @) |5 MoV
RMD
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Muon stopping target

+
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« Resistive Plate Chamber RPC | ‘
(RPC) is one of gaseous e
g DC v (RMD)\\‘ e+(RI\/\D) RDC

detectors, uses high 7x107 ut /s

resistive electrodes beam o (Michel)
placed face to face e N2 -2\ eFspectrometer
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Qutline

* Infroduction of RPC readout
* Pileup probability
» Prototype RPC readout
* Impedance matching

» Lab test
o SUMMAry & prospects
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Plleup study

Requirements for RPC
« 90% efficiency for 1-5 MeV e*

« Rate capability
(10%u/s with 21 MeV/c)

* Pileup of high-rate u* beam & RMD e*
- Inefficiency of RMD e?
- Readout strips should be segmented

-10

Anode readout strips

X [cm]

-10

Cathode readout strips

®:RMDe”

s m:ut at the same
position as RMD e*

A ;7 inthe same
strip as RMD e*

X[cm]
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RPC readout

Readout from the both
edges of the strip in lab test

X Aluminium s’rrip/

Aluminium — %]
strip GND
Resistors 520 um
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) i thickness
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Impedance

e e —

AIStrlp

Resistor LEMOCable

Zy =50 Q

PULSE %‘1 &%_Zgn

e
%

Td=10n Z0=
96n) d=10n Z0=50

/
ZO :R‘I‘ZO

« Characteristic impedance of Al strip: Zs

Reflection coefficient r =

ZotZg

Zoy' -7
Then r = 2—=

ZO +ZS

> Z, = Zs for no reflection (r = 0)
Insert a resistor b/w Al strip & LEMO > Z," = R + Z,

RPC threshold in our lab testis 10 mV

E

WaveformDigitizer
50

Characteristic impedance of LEMO cable: Z, = 50 Q
Zo—Zs

- Find R which gives r = 0 in lab test

reduce deadtime

-2 In lab test, find resistance which suppresses reflection to
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Qutline

e Infroduction of RPC readout

o Lab test
* Setups
« Waveform
« Effect of resistors on RPC

e SUMMAry & prospects
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Resistors:
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Ao Waveform
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Waveform

Waveform changed.
But signals still reflected.

16 Feb, 2020
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Waveform

» Reflected height is

Inserting resistors

» Reflection can be
suppressed by

* Need to optimise

dependent on resistance
SlgnC” helghT 51201: """"" o] Wavetorm ;000 o 'f
e /\ 5 S
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Height distribution

Height

histHeight

histHeight2
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R
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« WhenR=0Q, HV =3.74 kV due

Eff|C|e n Cv to uncertainty of gap thickness

e Threshold =10 mV

When inserting

........ — _ | resistors, height from
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Outline

e Infroduction of RPC readout

« Lab test
« Setups
« Waveform
« Effect of resistors on RPC

o SUMMAry & prospects
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Summary & prospects

« SUMMary

 Readout w/o resistors generated reflection

« Resistors inserted b/w Al readout strip & LEMO
cable can improve impedance matching

* Prospects

« Compare w/ to w/o resistors in case of both
readouts

 Investigate reflected height quantitatively
« Optimise readout and resistance
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Physics of u™ - ety

« Charged lepton flavour
VIO|C]TIOI’1 (CLFV) |S forblddeﬂ |ﬂ History of CLFV experiments with muons
the standard model (SM)

* Inthe SM, B(u —» ey) < 10~>°

° S ome p hySlCS mo d e |S b eyo N d 104 AAAAAAA o ................. AAAAAAAAAAAA
_I_he SM (S USY_GUT' SUSY_ 10:5 ............. .............. ? ............... .................. ................... ................... .............
seesaw) say B(u — ey) Is 0T

. MEG experiment gave the o
upper limit of y —» ey 5.3x107* "= .=
for the brgnching ratio S

—14IIIIIIIIIIIIIIIII[IIIIIIIIIlIiII]IiIIII
1940 1950 1960 1970 1980 1990 2000 2010 2020

* u — ey observation strengthen v
makes models beyond SM

90% C.L. Limit
)
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MEG Il signadl

« MEG Il searches tor charged lepton flavour
violating decay: u* - ety

Liquid xenon photon detector
"""" LX .
COBRA T SRR / &< Detects signal y

° MEG | | Slgncl IS Bends signal e:”‘je“ﬁ'”“‘”g y :#‘ :
identfifled by fhe eonentredts K
kinematics a

S|gn0| o7 ixela counter
o (pTQO) \
1 80 At Muon stopping target
i +
. Cylindrical drift champer _——— Detects signal e
O p p OS I Te e + Detects Radiative decay counter (CDCH)

background e* (RDC)

direction + Use the most
M [ intense u beam:
DC and beam
«— Both 52.8 MeV rate ~ 7x107 /S

The SGSrTnc? Tiqung dout of the ulfra-| terial RPC for back d
16 Feb, 2020 udy on the Teadout of the ultra-low materia or backgroun
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Michel decay

MEG Il background v -
#C

« Sources of et,y of around 52.8
MeV are these 3 reactions:

|
» Michel decay +De’rec’r It
 Radiative muon decay (RMD) \H
» Annihilation in flight (AIF) 4
Accidental BG +
v (u 4 O
. = y from RMD
Michel > and AIF JRE. o AlF
decay ; i
Ceiomas b e
« Detect e™ with low energy (1-5 MeV) e in flight
from RMD to identity y from RMD
16 Feb, 2020 Study on the readout of the ultra-low material RPC for background 19
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Michel decay

BG properties @

V
* RMD v is identified from SMD
« RMD e* energy H+/
. ) +
 Time correlation b/w et &y 7/\ e
vV
s 'F Time difference b/w
E et detection at RDC
Z tection at LXe B
i & y detectio 10 et energy |
- Accidental BG o - Michel 73
107 F 1073 | E
1074 PN | | | E
I wr o M
10 20 30 40 5
. Energy (MeV)
Study on the readout of the ultra-low material RPC for background 20

16 Feb, 2020 suppression in the MEG Il experiment



BG identification detectors

* Install radiative decay counters (RDCs) in both
upstream and downstream

\* / 7 detector (LXe)
COBRA magnet -

7 277 2 _ et from RMD

~ (RMD)*, flights around the
RDC et (RMD) RDC e am axis
" beam || because its
7x107 u*/s e (Michel) energy is low
./ .......... \\..-(./. - = .\3-\. e spectrometer
V |
" ’ T 2

« High-intensity u* beam passes through the upstream RDC
< Difficulty in developing it



Upstream RDC reguirements

1. Material budget: < 0.1% X,
(€ ut beam passes through the detector)
2. 90% efficiency for e™ with 1-5 MeV
3. 1 ns time resolution
(€ RMD ID with time difference b/w et & y)
4. Rate capabillity & radiation hardness
(€ 7x107ut /s with 21 MeV/c & > 60 weeks run)
5. Detector size: 20-cm diameter
(&< 45% acceptance in the one RDC, 90% in total w/ DS)

- Ultra-low material resistive plate chamber (RPC)



RPC: Resistive Plate Chamber

« RPC is one of gaseous

detectors, uses high resistive

electrodes placed face to ggr?ig:d
face
« Gas is ionised when charged Readout
parficles pass through RPC | igtor \ ‘
+ lonised electron is Spocer/é IOmsoﬂonl GND
accelerated by high
voltage (HV) High resistive Avalanche
electrodes I_+HV
* Avalanche occurs by e
Insulator
accelerated electrons — \ )
Readout

« Avalanche signals are
iInduced in readout



A0°

e N
. 400 s o] 1600 - \qm.. o ool
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| E H \ E 1000
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. - / 1 600 7 \
- Calculate pileup Y. | jo ;
prObOblllTy per —0175””—10” —SOSMIO( 1)5 91:5‘”:10 —IS(I)SI 10 ‘(‘ 1)5
o . y (cm y (cm

readout region in ut beam divergence  RMD e* divergence

which Al strips o =2.0cm o =28cm
overlap

Pileup probability Pileup probability

0.05

Deadtime = 10 ns
Pileup prob = 2.0% o

~10.03

0.3

Y position [cm]
Y position [cm]

0.25

0.2

0.15
0.02
0.1

0.01
0.05

| 1o et el | 1 | e |
% 1+ 2 3 4 5 6 7 8 9 10 ° T T e e Py S Y
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Plleup calculation

« P;: pileup probability per readout segmented
region

» p;: probability to detect RMD e™ in the segmented
region (= 2.8 cm)

» Total pileup probability is given by

* Zstrips=256 Pi Pi
« Probability of time difference t b/w confinuous u™:

* p(t) = lexp (—5) Where—1 is u™ rate in region i

. PI’ObCIbIhTy of pileup of u* beam & RMD e*
region i:

P, =1-— exp( tde“d) where tiead IS deodhme when
we cannof dls’nngwsh ut & RMD et



Prototype RPC

DLC * Fish line (#]O) giVGS
provides HV | 520-um gas thickness

Copper pad
grounded

DLC as resistive

Fish line
electrode grounded

as spacer

| Copper
| tape for HV

Study on the readout of the ultra-low material RPC for background 2%
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Transmission line

« Assume Al strip is a transmission line with
OIS

e Conductance G is zero

L R L R L R L R L R

Gé::(] Gé::CGé::C Gg::(] Gé::()

L L L @ L

R -BEAEH-YDER
L BREH-YDAFTHRUR
G BEEH-YDTRIVEIUR
CEBREEHEYDXN/INVEUR
(BRERIFHFSBERIZHLT, 5. INSLMETEZS)

QIVUY VI ITTHIT TTUUUUTL UL TTHIT UHTUTIVUVY TTHIUITHIJUE N o TV MUCRYIT VUL U
16 Feb, 2020
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Resistance per length

 Surface resistivity R¢ = 1.1 Q0 /sq

Aluminum Metallized Polyimide Film Typical Value

LR-PI 100AM LR-PI 200AM
Backing Thickness um 25 50
Aluminum Thickness um 0.2-0.5 0.2-0.5
Tensile Strength MPa 2140 2130
Elongation % 245 245
Shrinkage, at 150°C % 0.20 0.20
The side of PI Film 0 21X10'2 21X10'2
Surface
Resistivity
The side of Aluminum Q <103 <103

Study on the readout of the ultra-low material RPC for background
16 Feb, 2020 suppression in the MEG Il experiment



Capacitance per length

* Think of geometry like this figure

 [gnore DLC plate because DLCs are
sputtered on kaptons

« Kapton's relative permittivity €, = 3.3

Al stip W=1.0cm

Kapton 1 d=25um |
Kapton 2 d =50 um
Kapton 3 d =50 um

Gas d =520 um t

DLC

Kapton 4 d =50 um

Cu . pad



Capacitance per length

» Give strip charge per length g

e From Gauss's raw, electric field is

q
EoErW

°q =& EW - E =

* From the field, potential diff b/w Al strip
and Cu pad is

V= [C—L gy =2
0 goerW Eo&rW Al strip
° From V — %, Kapton 1 d =25um |

Kapton 2 d = 50 um
EoErW Kapton 3 d = 50 um

e C; =

d Gas d =520 um t

DLC

Kapton 4 d = 50 um
(

Cu pad



Capacitance per length

EoErW

* From C; = , where (; Is capacitance
per length in layer i

 Total capacitance € = 155 pF/m

Al stip W=1.0cm

Kapton 1 d=25um |
Kapton 2 d =50 um
Kapton 3 d =50 um
Gasd =520um DLC
Kapton 4 d =50 um

Cu . pad




Inductance per length

* Think of geometry like this figure

« Assume current J flows only in Al strip (No
current in Cu pad)

 From Ampere’s raw, magnetic field is
«2WuB =] ->B=2

2W
« Permeability u = u, fofal d =695 um
Kapton 1 d =25 um | Y

Kapton 2 d = 50 um

Kapton 3 d =50 um
Gasd=520um $ DLC

Kapton 4 d = 50 um
(

Cu pad



Inductance per lengih

* Magnetic flux @ is
. p = [B)gg = Bl y
S Jdaw T 2w

 From @, calculate V, L

LI/ ao pod dj __
V= dt 2w dt
* L =44 nH/m

LY 5 =2 gy

dt 2W
totald = 695 um
Al strip
Kapton 1d =25um | Y

Kapton 2 d = 50 um

Kapton 3 d =50 um
Gasd=520um #$ DLC

Kapton 4 d = 50 um
(

Cu pad



Characteristic impedance

Need to consider resistance R because we cannot
ignore loss

Characteristic impedance is

_ |R*+(wl)?
|ZO| _\/ (wc)z
where w is angular frequency

Assume signals are triangle waves whose width is 5 ns
In this case, assume w = 628 rad/us

R%2+(wL)?
> |Z,] =J (w;z =17 Q

But | estimate Z, > 50 Q from observation of reflection
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RPC performance w/ resistors

Height
= histHeight histHeight2
. S Entries 32326 | Entries 32326
Each histogram expresses Vean 0004952 Mean 0004069

Std Dev  0.009708 | Std Dev  0.007968

voltage height induced in each
side

X R =150 ohm

Height is dependent on
resistance because voltage 0
drop occurs at resistors
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Count [a.u]

RPC performance w/ resistors

Height
. = C histHeight | histHeight2
« These histograms express the : F s 32036 | Enies a5
sum of voltage at both sides of ¢ i Swbev  0|swber oorren
Al strip \M
« Height sum is dependent on R =150 ohm
resistance because voltage : w H\
drop occurs at resistors as well "WM”WW
as height from each side 'H | HWHW S S A |
Height Heignt Height [V]
- histHeight | histHeight2 | = histHeight | histHeight2
ot L Enties 32218 |Enies 32218 | = Entries 15000 | Entries 15000
= Mean 0|Mean 0011688 [ Mean 0| Mean 001777
:L Std Dev 0|StdDev 0.02197 "ﬂk Std Dev 0 | Std Dev  0.03229
L \\% R =82 ohm = M R =68 ohm
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WMH””W J HLH firmc
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