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Outline

* Introduction
* MEG I
* RPC
* Pileup inefficiency
* Prototype RPC readout
 Suppress ringing tail

e Lab test

* Summary & prospects
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MEG Il signal

* MEG Il searches for charged lepton flavour
violating decay: u™ — ey

Liquid xenon photon detector

* MEG Il signal is T SR

nducting magnet Saase SRNERIRIS

identified by the sessomer 25

w/ constant radius

kinematics
Signal %

g "“ ixela counter
(o) s pTC)
1 8 O y uon stopping target
. Cylindrical drift chanV Detect e+
O p p O Ite e g Radiative decay counter (CDCH)
(RDQ)

direction 2 \ e und ¢ Use the most
M Intense u beam:
Both 52.8 MeV DC and beam rate
The same timing ~7x10" /s
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MEG Il background

Dominant background = Accidental BG
= Coincidence of e* from Michel decay and y from RMD or AlF

Michel K" _~ y from RMD
decay Y /ev + and AlIF
v
Detect it! AlF: Annihilation

RMD: Radiative

+ - In Flight
VY < e in _ g
Muon Decay N material in \© /
vV a7

detectors 6

7\‘ O et in flight

Detect e™ with low energy (1-5 MeV) from RMD
to identify y from RMD
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BG identification detectors

 Radiative decay counters (RDCs) are installed in both
upstream and downstream to detect e* from RMD

7 x 107 ut/s beam
passes through the
upstream RDC

v (RMD) \
ut bea

\3*,"
COBRA magnet \ \‘\

/ 7y detector (LXe)

\
I_I_\_I_I

A

: e’ Mlchel
\

e w/ low energy
from RMD flights
around the beam
axis because of
magnetic field

e spectrometer

The upstream RDC has strict requirements because
it has to be passed through by 7 x 107 u*/s beam
and to detect e* from RMD




Upstream RDC requirements

1. Material budget: < 0.1% X,
(€ u* beam passes through the detector)

2. 90% efficiency for e™ with 1-5 MeV

3. 1 ns time resolution

(€& RMD identification with time difference b/w et & y)
4. Rate capability & radiation hardness

(€ 7 x 107 u* /s with 21 MeV/c & > 60 weeks run)

5. Detector size: 20-cm diameter
(€ 45% acceptance in the one RDC, 90% in total incl. downstream)

- Candidate for the upstream RDC is ultra-low material
resistive plate chamber (RPC)



Proposed RPC design for MEG I

e Gas: R134a (Freon) based

* DLC is used as resistive Eiamqndd“ke carbon ](CDLg)
as mixed structure of sp r
electrodes bond and sp? bond i H‘f"jﬁy
- Achieve ultra low- @ T .
material budget « ;Q%\T/-\f
.. o M@
« Aluminised Kapton -
readout strips are Aluminium strips — |
+atboth anode anc com TFTTIL o
cathode DLC sputtered on

+HV

« orthogonal to each other Kapton (~100 nm) \II:EE HV

. . +HV

- Readout region is fsaopfﬁ;‘) — ID:EE “HV
+HV

Segmented Spacers /II:I:II _HV

(200-500 pm)
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Pileup of u™ beam & RMD e~

 Pileup of high- rate ut
¢=m)  beam and RMD e causes
_inefficiency for RMD e*

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

 Rate capability
(108u/s with 21 MeV/c)

Anode readout strips Cathode readout strips

* The segmented design
can reduce pileup

L E’ [
10 <10

: — : » Calculate probability of
1 = T " 2 the pileup

= o - @ & W at the same

I region at the same timing

o T pa e T S I S S S - ® & A inthe same strip
at the same timing

X [cm] X [em]

®:RMD et m:u* at the same position as RMD e*
A u" in the same strip as RMD e™
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Pileup of u™ beam & RMD e~

e e N
fh=—w= j Ww\ﬂ!::i ey
: - | | e [ :
* Calculate pileup probability = f \k e
p; per readout segmented TN e
:jeglon as a function of Slgnal u* beam divergence  RMD e* divergeyr;mce
uration o =2.0cm o= 2.8cm
. < 30
e Calculate total pileup s e
inefficiency P from D; 2 = Pileup inefficiency
» Inefficiency due to pileupis |~ |
small enough (< 2.0%) if g
signal duration within 10 ns o
OO_F/I/I I10I - I20I - I30I - I40I - I50I - It’:iOI - I70I - I80I -

Signal duration [ns]
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Double readout from the

Prototype RPC readout oo edoes ol

AIumlnlum strip /

Aluminium
strip

Gas:

384 um R134a:SF, = 93:7
single gap § I

Resistors

thickness [—]
)
. Aluminium pad J_
00— —— .. Waveform 1002 | | Ringing tail was observed
200 i_ S'7g|e re?dOUt ............ RN, S — — ................. because of
= .| W/O resistors é .
:EE é_ M ................................ ............................... ................. ° ref|ect|on due to
= : impedance mismatching?
0E * resonance due to stray
e RLC structure?
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Kaptond = 150 um

Suppress the ringing

» Characteristic impedance of the
aluminium strip is estimated at
13.2 Q)

* Co-axial cable with characteristic
impedance of 50 Q will be used for
signal transmission b/w the strip
and readout electronics

=100
« Possible solutions: :
* Improve impedance matching at o
preamplifier oE

< Not easy to place preamplifier near || &———

RPC due to limited space
* Insert resistors to damp the ringing

Mar, 2020

N

Kaptond = 50 um

=

Al strip W =1.0cm

Gas d = 384 um

DLC

Al pad

Suppress the ringing
as much as possible
w/o preamplifier

| Waveform : 000 ]

SO
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0 17
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- Insert resistors b/w the strip
) & co-axial cable to damp it

11



Outline

* Introduction

e Lab test

» Setup and purposes
« Effect of resistors on ringing
» Effect of resistors on RPC performance

* Summary & prospects
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Lab test on effect of resistors

Double readout from the
Setup both edges of the strip

38 dB amp Waveform
digitiser
(700 MHz)

Trigger : , . 7 co
'rgg z R134a'SF6
scintillator :

Collimated
B-ray

38 dB amplifier

| 100nF| 12 |100nF

470 470 MAR-6SM

I1 attenuator

Purposes:

* Examine how much resistors suppress ringing

* Examine how much resistors deteriorate RPC
performance

Resistors
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Inserted resistors
 change ringing tail

Waveform

* suppress ringing only in summed waveform

A !\Io resistors h b — 5.l R =560 BT A =
80 / Readout from § .t Readout from |
w0 ' the one edge § «f \ the one edge |
20 = - 4
0  ha s £ 1 AN =
0 , YV - v -
150 o AT 165 170 175 180 185 190 195 [nsec] 150 w5 ﬁ 85 5 80 185 190 195 [nseq)
= S s0F 4 ‘ pAd T ‘ =
E 80 ... Wavefor 4 ETE | ‘Waveforr
: fl Readout from  “E / i Readout from
g0 o s0E
o /| the other edge | { \ the other edge
20 / / \ N\ ERE l / \ 0 =
0:)___‘_, — — o =) 10E \‘_V\ %
150 155\ 160 165 170 175 180 785 190 195 Tsec] 150 155\ 160 165 5 180 185 190 195 [nsec]
60 N\ [ ' Wavefo H| B g0k | Wavefor | | |
S0 \‘& 1 Sum waveform g™ N Sum waveform
= Il . . =| | s0 . .
e . up in offline  §| \\ up in offline
60 = =
= L. E ,
40 = | 20
= A E - =
e _J LA 3| | oF = V\ S
T S A AN Vi = = =
150 T8 T80 165 70175 180 185 190 195 [nsec] 150 185 160 165 5 180 185 190 195 [nsec]

« How fast was ringing suppressed?

* How much was ringing suppressed?
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Analyze height after peak

* Investigate how fast and how much ringing was

suppressed

 “Analysis start time” is defined as start time of 20-ns

analysis region

* Calculate the ratio of signal height to maximum height

in analysis region

Analysis start time

ETEU = F——— pr— Changes from 1 nsto r—————————— F— =
édﬂ; - ; ; .. 15 nS after peak time ................................... . .......... _;
120 E_ ...................................... N | | e B rovervesRUUIURURURUTRRURRRIR T . _E
100 ;_ ............. | | : h ' h ST S | B EES : ................................ > e _;
80—t Calculate height | & Jl——1 . 20NS: e B—
E-D?;—— ........... . frac’uon L= Analysis region .................. .......... —
4[' ;._ S SO .l P , ........................................... . .......... _;
20 ‘—_ ...................................... .................................................................... ........................................... .......... —

— ; : - E = w _ ﬂ =

0 % TR w_éq__ﬂ,f \uf' N Ey/-\ — w;;
DN o oo e T . T o  —
150 160 170 180 190 200 [nsec]
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Height fraction

* 56 () resistors suppressed ringing
little faster than the others

* However, this improvement is not
enough

Height fraction vs Time after peak time

a
o

-y
a

. No resistors

S

. 32-ohm resistors

W
4]

* 56-ohm resistors

*  82-ohm resistors

W
o

. 150-ohm resistors

n
()]

N
o

iy
%)

Mean of height fraction [%]

%)

Mar, 2020

$
DR B S
RN D R R R B :
2 4 6 IBIII10III12III14I
Analysis start time [ns]
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Height distribution

Height

10%

Count [a.u]

histHeight 2

histHeight 1

histHeight 0

RA

Entries

20921

[T TTTTT

10

LTI

The larger resistance is,

0.02845
v 0.0367

Entries 21339
Mean 0.03065
Std Dev 0.03968

Entries 20876
Mean 0.03112
Std Dev 0.04015

histHeight 4

histHeight 3

the smaller height is

Entries 21050
Mean 0.0201

Entries 20685
Mean 0.0226
Std Dev 0.02913

Sid De\._f 0.02704

No-resistors
32-ohm
56-ohm
B82-ohm
150-o0hm

Mar, 2020

0.2

0.5

Height [V]
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Efficiency

T 60
3
&

S 50
7

40

30

20

10

0
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Achieve 40% single layer efficiency w/ any resistance

- 90% four-layer efficiency can be achieved even if
inserting resistors accordingtoe, =1 — (1 —€)"

Efficiency vs Resistance

__0 """""""""""" o . """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

s o .,o ...................................................................................................................................................................

- . ¢

- o

R N S SR TSN SR SRS S S S .

- :

e ThreShO|d =10mv. " -. Fleadoutfro-m the one side T e

— |+ Efficiency decreases ~6% as © Feedoutfomie oersiie

— . . L]

—| resistanceislarge @ | - Sumiwowaveloms e

_I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200 250 300

MEG Il EER(CHITD

Resistance [ohm]

BB (CrlHoBIEYEEZERPCOAH U (CEE I DA
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Outline

* Introduction

e Lab test

* Summary & prospects

Mar, 2020

MEG Il EEER(CHIFTBDE=FFHRING (CHT ZBIEYESRPCOH UICEA I DA

19



Summary & prospects

* Summary
« Readout w/o resistors generated ringing

* Resistors inserted b/w Al readout strip & LEMO
cable change waveform and suppress ringing in
summed waveform

* They also made signal height smaller

* Prospects
 Explain waveform theoretically or by simulation

* Optimise readout and resistance



Backups
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Physics of u™ - e™y

 Charged lepton flavour violation
(CLFV) |S forb|dden |n the History of CLFV experiments with muons
standard model (SM) DA D N i
* Inthe SM, B(u - ey) < 107°° 00 200 T O N e

® Some phyS|CS models beyond 104 ','
the SM (SUSY-GUT, SUSY- 0 O N

90% C.L. Limit

1078

seesaw) say B(,Ll — e]/) is 10711 — T S — :' ......... e .................. .............

T N>
XYL

° M EG expe FI me nt g ave th e u p pe r 10~ 10 — ; e . 'v.; o '

10—11 U S SO

limit of u = ey 5.3 x 10713 for 0 2 R R L

the branchin gra tio 1013 0 TR T T O M T R

—14 N NN RN N | I |

n L«

v

* u — ey observation strengthen 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year
makes models beyond SM
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Michel decay

“fé

BG properties

* RMD v is identified from RMD
« RMD e* energy “+/:
 Time correlation b/w et & y 7/\ e
vV
S F Time difference b/w e™
£ detection at RDC & y - -
E I detection at LXe 0L o+ energy gl

Michel

" Accidental BG O e

107

-3
10—4: D-AA -I-LH‘—‘ \‘LLLLI\
c RIVID LLI]J_[F L|J“L[
107 ' B rl i
| I | | | | ‘ | | | | ‘ | | | | ‘ | | | | I | - B -
0 10 20 30 40 v 107 BRI E
T.,.-T,(s ST S E——— A A I | PR —=
roc™ T ©) 10 20 30 40 50
Energy (MeV)
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Y position [cm]

,\qu\\\\\\\\\\

T o oo R B B MR Wl
: comrs s | g P oo
. 400 F i Sizma : ) .10.000 I 1600f Jy V N‘!W ~0.07088 £ 0.01157 4
B N E 1400f Sigma 2.813 £0.009 1
P I | e u p 300f il 1 1200 / X
200 \ ] 800 / L\
: 5 / T / \
* Calculate pileup N i / 5
prObablllty per 9175””—10” —5‘”‘0””5MH10HH175 QISTI,O&%/—SOS\&KT(T( 1)5
o . . y (cm) . y (cm
readout region in u* beam divergence RMD e* divergence

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

Pileup probability Pileup probability

0.05

Deadtime = 10 ns 4
Pileup prob = 2.0%

0.03

—0.3

Y position [cm]

0.25

0.2

0.15

0.02

0.1

0.01
0.05

0 0 oIII

1 {110 A 2O 1111
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
X position [cm] X position [cm]
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Pilleup 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

* Zstrl’ps=256 Pi Pi
* Probability of time difference t b/w continuous u*:

e p(t) = %exp (— %) where % is u™ rate in region i
* Probability of pileup of u* beam & RMD e™ in region i:

e P;=1-— exp( dead) where t .44 is deadtime when
we cannot distinguish u* & RMD e*
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Resistance per length

* Surface resistivity R = 1.1 Q0/sq

« where W is width of Al strip, thatis 1 cm

Aluminum Metallized Polyimide Film Typical Value

Property
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 Pl Film 0 >1x1012 >1x1012
Surface
Resistivity
The side of Aluminum Q <10 <103

MEG Il EEER(CHIFTBDE=FFHRING (CHT ZBIEYESRPCOH UICEA I DA
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Capacitance per length

* Think of geometry like this figure

* Ignore DLC plate because DLCs are sputtered on
kaptons

« Kapton's relative permittivity €, = 3.3
* Give strip charge per length g
* From Gauss's raw, electric field is

°* q = SOSTEW — F = q Al strip W = 1.0 cm
Eo&ErW Kapton 1 d = 50 um ]
Kapton 2 d = 50 um

Kapton 3 d = 50 um

Gas d = 384 um
DLC

Kapton4d =50um |

Al pad



Capacitance per length

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

d d
V= [ —Ldx=-1

0 goe,W Eo&r W
* FromV = %,

Eo&ErW
o Cl — ocr

d
Eo&ErW . . :

 From C; = , Where C; is capacitance per length in

layer i Al strip W = 1.0 cm
. Kapton 1 d = 50 um

* Total capacitance C = 202 pF/m  kapton2d=50um
Kapton 3 d = 50 um

Gasd = 384 um
DLC

Kapton4d = 50 um

Al 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

-ZWMB=]—>B=% total d = 559 ur
- Al stripW = 1.0
¢ Pel‘meablhty U = ,UO Kapton1d:50usmrp- il

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

Gas d = 384 um
DLC

Kapton4d =50um |

Al pad



Inductance per length

. I\/Iagnetic flux @ is
fﬂof dS = Mo]d

* From &, calculate V,L

dd dd d d
= Bkl Iy el iy

dt 2W dt at 2W’cotald = 559 um
L =35nH/m

Al strip W = 1.0 cm
Kapton 1d = 50 um
Kapton 2 d = 50 um
Kapton 3 d = 50 um

Gas d = 384 um
DLC

Kapton4d = 50 um

Al pad
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Characteristic Impedance

* Need to consider resistance R because we cannot ignore
loss

 Characteristic impedance is

. _ |R?*+(wL)?

« where w is angular frequency

« Assume signals are triangle waves whose width is 4 ns
* |In this case, assume w = 785 rad/us

R?+(wL)?
. e|zo|=\/ (w(c“;z) ~13.20



Reflection

 Characteristic impedance of Al strip: Z; = 13.2 Q
 Characteristic impedance of LEMO cable: Z, = 50 Q
: .. Zo—Z
« Reflection coefficient r = === = (.58
ZotZs
* In lab test, r~0.21 €& Smaller than expectation
e st | =B : 1 Sl
80;— ......................................................................................................................................................................................................................................... — = Jl ;
GOE b = = R |
Y S O A 5w ) I
20—\ e T
Y N S T .V W = N

Mar, 2020 MEG || RER(CHTDIERBHRIE (CRTZBEESE

150 160 170 180 190 200 [nsec]

-0.8 -06 -0.4 -0.2

RPCODFed+t UICEH T DIAFE
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Both readouts w/o resistors

o

Waveform : 000

MV

» Sum waveform up when Sy J
readout from both sidesof |- oL S
strip -—= T T T

E N E

* In some events, height is -
over threshold by summing  |= | ;
up N S . s

- Efficiency: 5
« Ch0:40.2%
« Ch2:42.5%
e Ch 3 (sum): 49.0% £

;
=
£
§

ony
(=]
(=]
(=]
(=]
na|
(=]
(=]
[ae]
ol
(=]
(]
(=]
(=]
(]
(=]
)
(=1
(]

Waveform : 003 |

T S rrTT

-10

50 100 150 200 250 300 350 408ec
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Both readouts w/o resistors

histHeight1 histHeight3
Entries 20876 | Entries 20876
Mean 0.01445 | Mean 0.01736
Std Dev 0.01804 | Std Dev 0.02203
histHeight4
.......................................................... Entries 20876

10?

Count [a.u]

10°

— it . . : :

— Mean 0.03112

= M | StdDev 004015
(o Readout from the one side

= Readout from the other side

— Sum two waveforms

10

T
f|
|
 E—
:i
:!
:i
[
[ !
[ T

02 03 0.4 0.5
Height [V]
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—_
o
=9

Count [a.u]

10°

10
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Both readouts w/o resistors

Height

histHeight 2

histHeight 1

histHeight 0

Entries 20905
Mean 0.02596
Std De_v 0.03191

Entries 20876
Mean 0.03112
Std Dev 0.04015

Entries 20876
Mean 0.01445
Std Dev 0.01804

[ TTTTI] T T TTITIM

i

i U' |

2

i

OneReadoutOfTwo

—— SumOfTwoReadouts

0.3

OneReadout

”Mumu _____ ______ S E—

0.4

0.5

Height [V]
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