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* Search for charged lepton flavor violation (cLFV), L — ey 4 e’
— Forbidden in the SM I\ ut
— Some models predict large branching ratios

Signal
Liquid xenon y-ray detector . 528Mev
\ « Back-to-back
2en? Beam transport solenoid  Time coincidence

1 beam at PSI (Paul Scherrer Institute)
muon stopping rate; 3 X 107Hz

Stopping target

Momentum, decay vertex,
emission angle and track length

Timing counter mm==) Impact time

Drift chamber ===

COBRAmagnet ===  |\|ake gradient magnetic field

Most stringent upper limit of 5.7 x 10713 90% C.L. in this March.
(arXiv:1303.0754) 29pRCO2:HEH:




Upgrade ‘

* sensitivity goal ->5 x 107 * —_—  _—28A
] |

— improve detection efficiency twice present

— improve resolutions half DC o
* ubeam p— — S

* twice higher beam intensity Y
o EBeBe——5 EBe=——
Xenon Calorimeter 28pRF03:4x T- =

* Smaller photo-sensor
Positron spectrometer

— Positron tracker
» Stereo wire drift chamber
v efficiency
->minimize material along the positrons

path to the timing counter

v’ Resolution Upgrade proposal is approved
->increase measurement points by PSI committee.
— Timing counter
* Pixelated Timing Counter
2013 2014 2015 2016 2019
design > constructio> Eng.Rur> Run >

(detail of MEG upgrade; arXiv:1301.7225)
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Pixelated Timing Countér

Plastic scintillator plate + SiPMs

Scin7illator

lz| 109 cm
T

~300 pixels X 2 (upstream, downstream side
90 mm Support structure

.1; \\ v/ = -
present upgrade sy )

For getting good time resolution...

Present problem 3 SiPMs Plastic
¢ Sensitivity to the magnetic field series scintillator
* Large ambiguity along Z connection CB

direction * magnetic field insensitive
- high single event rate  BEEEEES photo-sensors

* ahigher level of segmentation
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Pixel angle will

be optimized.
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Multiple hit scheme"

Resolution vs. # of hit pixels
Bﬂ I I I I I I I I I I I I I

50K 5F
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Total timing counter resolution is

30-40 ps Hg '5“‘ —
O-ztotal (Nhlt) S} 41]:_ _:
— lo'zsingle_l_azinter—pixel_l_az (N _ ) B - ]
6 Nhit Nhit MSAThit 2 Tt
70 P S B I S B 1

= the average time resolution: Nt

30-35 PS (current ~76 ps) Number of hit pixels (MC)

. guMoooFT T T T T T T T
Requirement 2 12000 -
) . i 10000~ .
* Good single pixel resolution il -
— Single pixel R&D ol ]
 Hit many pixels B |

| N [N (NS I N I S I S R —— E—
1 2 3 4 5 6 7 8 9 10 11 12 13

— Layout study with MC Nt
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Single Pixel Study -

Test Counter
— SiPM
* HAMAMATSU MPPC (510362-33-050C, 3X3 mm2, 501m-3600 pixels)
— Fast plastic scintillator
* 90x30x5mm, BC422
— glued with optical grease (OKEN6262A)

3 or 4 SiPMs
Series connection

Source Sr9o (<2.28MeV, B-ray) a1 &
Reference counter £
— 5X5X5mm scintillator BC422 | ) re | _
— ) i DRS
— Readout by a MPPC ————— % (5 GSPS)

— Trigger, Collimate
Waveform digitizer sampling (DRS developed at PSI) @5GSPS

Voltage amplifier developed by PSI (Gain~20, 600 MHz
bandwidth)

Shaping with high-pass filter & pole-zero cancellation
Long cable (7.4m) before amplifier

KEITHLEY Pico ammeter for MPPC bias (HV), Bias 218V~222V (for
series connection)
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waveform

Parallel connection
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Before shaping After shaping

Series connection

300 _I_il ....................... 1. ........................ l} ....................... .} ....................... l} ....................... l} ....................... ! .................. —

500 E “Waveform'is sharper. 3
= _We can obtam good resolutlen s

100
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Analysis "

* Signal time is picked-off by Constant-Fraction method (~10%)
— very leading-edge is relevant to precise timing

* e hit timeis reconstructed by the average of times measured at
the both ends

* Resolution of test counter is evaluated from (t, + t,)/2 - t .
* Reconstruct hit position by v x (t, -t )/2 (v ; scintillation Ilght

speed)

; _I T i T T T E T T T i T T T ! T T T ! T T T ! T IM T ! ]
B 'ul /*/ basellne restoratlon by the |

- ] pole; zero cancellatlon: @ preamp
-100— SO AU I A : : : o
- | | _|
~ trlse ~1. 7 ﬂS || 7
B | _
-200 e H _“II(";I“ H H H H H ]
L | i | | | i | | | i 1 1 1 i | | 1 i 1 | | i | 1 1 i | | N
-140 -120 -100 -80 -60 -40 -20 0

[nsec]
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Analysis

Signal time is picked-off by Constant-Fraction method (~10%)
— very leading-edge is relevant to precise timing

e hit time is reconstructed by the average of times measured at
the both ends

Resolution of test counter is evaluated from (t, + t))/2 - t

Reconstruct hit position by v x (t, - t,)/2 (v ; scintillation Ilght
speed)

xll]
’E‘ ! rr - =1
g a3k x‘f ndf 7.592¢-23// 3
L) Prob S |
e = o2l | P 3.797e-11+ 2.25¢:12
o i pl 7.835e-11 % 9.0%¢:13
X 0.1

resolution
~8mm

0.1

S
—
St
=1
[ I_ [ .I [ l | | [ | | I_ |

t; — to 02
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Resolution (psec)

60

Bias dependence
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I-V curve

----------------------------------------------------------------------------- — - [ L bt _
BE422 E: 3 MPPCs :

________ e 0X3X0.5CM3 |2 [ : L

, ) @ A P, connected in serig
______________________________________ 3M mirror film z - i
'E operatlon E
Break-down
107E yoltage =

2 - 25
Over voltage / SiPM (V)

Good time resolution of 43 ps is obtained.
Resolution improves with higher over-voltage
* then degraded because of higher dark noise
Following test done at

il T S T
215 220
Voltage [V]
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B Other tests B
* Position scan
* Optimization
— Size
* length(60-120mm), width(3.5-5 mm), height(30, 40 mm)
— Scintillators

 BC422,BC420,BC418
— Manufacture of SiPM
* HAMAMATSU, KETEK, AdvanSiD

— Reflector
* Aluminized Mylar, Teflon tape, 3M radiant mirror

Single Pixel R&D with source is almost done!!

We could obtain the satisfying result about single pixel.
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Other tests

 Position scan
* Optimization
— Size

Next stage is to test with beam.

— Manufacture of SiPM
« HAMAMATSU, KETEK, AdvanSiD

— Reflector
* Aluminized Mylar, Teflon tape, 3M radiant mirror

Single Pixel R&D with source is almost done!!

We could obtain the satisfying result about single pixel.
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N Beam test in PSI

* Check the response to MIP

* Check if we can obtain consistent time resolution in the area
* Check the noise in the area

* Obtain data where the positrons penetrate two counters

* Pre-test for planned beam test with prototype detector.

Setup
Mu beam

Counter 1 (C1): BC422 60x30x5mm, 3M wrapping . /
Counter 2 (C2): BC422 90x30x5mm, 3M wrapping positror
Light tight shielding with black tape /

degrader

s
Beamline

Target Collimator

Expected resolution from lab data is
~33ps (C143.6 ps, C2 49.9 ps) no inter-counter jitter

14
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Resolution
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o Propagation time vs. resolution - Position dependence of time
A |Analysis O - A 50
o 0.28 = i -+ . . 1T ol 1 ol
}N E po ' l,szse-wtz.::ax: e ReSOIUtlon IS evaluated from (tC1 - tCZ)/Z ; :? -:?;48::; t; 12c~:: I
T? 0.24 [|w 189250315 | E’. p2 -3.858¢-12 + 1.461¢-13 |/
- 3 2:688¢-13+3:591e:14
.,_,S : pz 7.905¢+09 £ 1.018¢+09 {“ <H>T : Is | pd L.4166-13 + 1.248e-14 ||
e i e Propagation time which may ek | N
0.16 | N — e depends on incident angle is Tt \ U /
i % : corrected
0.12 E % L. . /
— * Position dependence of mean is
008 1 ! also corrected. of /’ﬂ Ny .
0.4 i e N +
0.12 0.14 0.16 0.18 0.2 0.22 e o —
Propagation Time (sec) 10 -sReconstr(')ucted Possition (cml)0
4 |
Eropagatlon positron Measured time
i dlfll:’end; depends on hit
on path lengt -
osition
\ —\ p

The combined resolution with position cut is 35 ps.
* The consistent resolution with lab data. (expected ~33ps)
* We can obtain better resolution by multiple hits. (single ~ 50 ps)

*inter-counter jitter effect is not included
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Noise

¥ T T T T T T T T T T

Cl-1 {Lab)
—— 12 (Lah)

C0-1 {Beam test) |
C1-2 {Beam fest) | <

0.06/- Beam test
0.04}- I\ ]
ﬂr‘“z :_ JJ .;:- L -."'11:“.. | :|
] ] T - q _Lrl'_"i | ——
0 0.001 0.002 0.003 0.004
Noise RMS (V)

* Noise increased by ~40%.
* Resolution depends on noise. (~
— Noise effect is not crucial.

Sigma of AT/2 (psec)

Resolution

o BHKRT

THE UsavERsTY OF Toryn

0+

r 11 EPUPRPRPN TPAPTAPI TP FATITN WA W

2-3 ps/ mV)

4 5 ]
Noise RMS (mV)
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Summary and Prospects

* Pixelated timing counter with an improved timing resolution is under
development for MEG upgrade.
— Pixel with SiPM and fast plastic scintillator

* About single counter, good time resolution of 40-45 ps was obtained.

* Beam test
— Though noise increase good resolution can be obtained.
— Though jitter is not included, better resolution can be obtained by multiple hit.

e Optimize pixel geometry — done
e Prove single pixel performance — done

2013 o Optimize pixel assembly
- A
* Prove multiple scheme (beam test)
Prot8type e Calibration R&D )
~
2014 * Pixel production
e Support structure )
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* Search for charged lepton flavor violation  »....SUSY-Seesaw,

(CLFV), u— ey
— Forbidden in the SM wsf Moo
— Some models predict large branching R
ratios -
* Requirement B s )
— high intensity DC u* beam | .
— high rate tolerable positron detector NI i WA el |
— high performance gamma-ray detector S.Antusch et i, JHEP 0611:090
* Current best upper limit set by MEG: (2006)

5.7 X 10713 (Phys. Rev. Lett. 107 (2011) 171801)

180 *\“_A u*A—’
/WA v \ _,/y""_
e v I

i at rest Physics BG Accidental BG
Signal (radiative muon decay) * <52.8MeV
*52.8MeV « <52.8MeV « Any angle
* Back-to-back - Any angle - Random

« Time coincidence . Time coincidence
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tey resolution -

track length: 75 ps— 11ps  — s
gamma side: 67 pS _>76 DS % _______________________________________________

. o S—— Llp rade
Timing counter: 76ps — 30-35ps g

Ocy =130 ps — 84 ps (35% 1)



EMEGResolution and efficiencies £3A %
for MEG upgrade

PDF parameters Present MEG  Upgrade scenario
e’ energy (keV) 320 110-140

et & (mrad) 11 5-7

e’ ¢ (mrad) 7.2 5-7

e* vertex Z/ Yicore) (mm) 2.0/1.1 1.5/1.0

yenegy (%) (w > 2cm) 1.9 1.0

v position (i, v, w) (mm)  S(u,v), 6(w) 2

y-e* timing (ps) 122 75-90
Efficiency (%)

trigger = 99 = 99
v reconstruction 59 59

e” reconstruction 40 85-90

event selection 80 83
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Upgrade summary
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Temperature dependence

* Relatively large temperature coeff. of break-
down voltage for MPPC might be
an issue

— Temp. variation in COBRA is a few °C
— Time shift due to this is expected to be ~15 ps

* doesn’t seem a big issue Measured time shift vs over voltage
— Possible solutions %0,123 T

* Improve detector * o1

temp. stabilization 008"
* KETEK SiPM with 0.06

lower temp. coeff. 0047

(<1%/°C) 0.02;

0: ......

I 1 1.2 1.4 1.6 1.8
Overvoltage/MPPC |V]
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| Pixel prototype

[ SiPM

iliGobain BC422 (30x90x5mmi)&
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Series vs. parallel connection

e Parallel 2 F ]
. a 100 i SR |
We can’t apply bias = o\ = Parallel ]
voltage toeach MPPC. £ A \ | E
We should choose AN | Serdes ]
MPPCs which havethe % & \a E
same characteristic. - ]
Capacitance 1 10 B T =
-> waveform wider - -
° Seri eS 60 :_ ..................................... _
| |

Automatically bias
voltage is adjusted.

Waveform is sharper.

Series connection gives
us better results.



http://localhost:8080/pixTC+Test/130213_213835/HAMAMATSU.png?lb=pixTC+Test

EMEG

Mu-E-Gamma Collaboration

Resolution (psec)

~1
=

Manufacture of SiPM g BEX 7
(Prellmmary)

100

=
=
L L

=]
=
L L

60F

Best resolution B

1 1 1 1 1 11 | 1
221 222

Voltage [V]

Resolution (psec)

100
90

80

70:I 1 1

1 90 1 1 95

Voltage [V]

|—L

—
[ ]
=
TTT

Resolution (psec)

110
100F-
9of§

70
60: I I I I

Voltage [V]

HAMAMATSU SiPMs
give us the best
resolution.


http://localhost:8080/pixTC+Test/130208_124718/BiasScan_HAMAMATSU.gif?lb=pixTC+Test
http://localhost:8080/pixTC+Test/130208_124619/BiasScan_KETEK.gif?lb=pixTC+Test
http://localhost:8080/pixTC+Test/130213_212002/AdvanSiD.png?lb=pixTC+Test

Single Pixel Resolution (psec)
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1'].['_ ............................................................................................

—a— 3em height

8'] ... B dem hE[gl‘I[ .............................................

2']_ ..........................................................................................

measured

* Single resolution is worse with larger pixel.

12
Length (¢m)

Resolution (psec)

Size Optimization

o0
=

[=a)
(=)

=
=)

[ =iy =2

’ THE LsavERSITY I.'I'FTﬂ'I".":'I.':I

s
=)

20

100 =
3cm height

<
-]
Efficiency (%)

.\'\. {94
—92
MC
9 2z "
Length (cm)

 However # of hit pixel increases with larger pixels.
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Relative sensitivity

Result of size optimization

H LK F
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1 S
—— 3em height

[ |- dem height
171 Y

{ng T TP T PP TRRPP

{Lgﬁ TP TP TP P TP PUPPRPPRPY M C .....

6 9 12
Length (cm)

Larger pixel is better.
(Effect of high rate is not included.)
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PositionScan_BC422_60x30x3.5

Height [cm]

Length [cm]
PositionScan_BC422_ 60x30x5

Height [cm]

2
Length [cm]

Several Thickness Tes

PositionScan_BC422_60x30x4.5

Height [cm]

2 -1

T 1 1 1 ] T T T T [ T T T T
‘lﬂﬂI— | |

T.enoth [eml
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Resolution don't
depend on thickness so
much?

3.5mm scintillator
mounting may be not

good??

htendp " " i

Red; 3.5 mm

Enti

RM

ries 5247 1
Meal
S 0.04494 T

n -0.1963 [|

Blue; 4.5 mm

150

100

50

0

Black; 5.0 mm

]_IIII

-001

29
height[0]


http://mpc1222.psi.ch/pixTC+Test/121122_234107/BC422_4.5_nowrapping.gif?lb=pixTC+Test
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Scintillator Type

Mu-E-Gamma Collaboration

e TestBC418, 420, and 422 which is 90x40x5mm with 4MPPCs

Properties BC-418 BC-4200 BC-422
Light Output [% Anthracene | 67 64 33
Rise Time [ns| 0.5 0.5 0.35
Decay Time [ns] 1.4 1.5 1.6
Wavelength of Max. Emission [nm] 391 301 370
Bulk Light Attenuation Length [cm] 100 110 8

Properties of ultra-fast plastic scintillators from Saint-Gobain

Scintillator Type Single Resolution (ps)

BC422 51.2
BC420 57.7
BC418 55.8

2013/4/2 30
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Wrapping Test

Aluminized Mylar, Teflon tape, 3M radiant mirror film

Setup

BC422, 60x30x4.5 mm3

3 MPPCs in series each side

32 ns LEMO cable before preamp
Amplifier 1 kOhm
RC:71.5V,2.23 uA

Al Mylar About all, position scanning was done.

2013/4/2 31


http://mpc1222.psi.ch/pixTC+Test/121122_224052/002.JPG?lb=pixTC+Test
http://mpc1222.psi.ch/pixTC+Test/121122_223835/006.JPG?lb=pixTC+Test
http://mpc1222.psi.ch/pixTC+Test/121123_230458/002.JPG?lb=pixTC+Test
http://mpc1222.psi.ch/pixTC+Test/121123_230517/003.JPG?lb=pixTC+Test
http://mpc1222.psi.ch/pixTC+Test/121122_224041/001.JPG?lb=pixTC+Test

380 T F@Ep T
' Naked I o admal
BEMEG . = Al =
Wrapping Test swmm | -
150[

 Resolution maps ool I
naked (no wrapping) Teflon 5 f 0l

50
= 1.5 - - L5 T T T T T r .r'ﬂ
; z_ ; :l 1 ‘—JHM*EEM I T § “LhLL-L‘ L1l Ij 1T
= Q o o o o s 3 1 o o o o o A5 043 02
o S I B 17 £ Amplitude (V)
0 — Q 0 a 0 — 43 = 0— 0 0 o 0 o — s E:
05— — 05— 1
1— o o] 2 o Lo} — 1 o < o 4] O —
] 6,..=45.1ps " ] —474ps "
L33 3 1 0 I ) 3 133 3 I 0 T b 3
{em) (em) Scan 15 pOintS
e (1cm interval in XY)
Al-Mylar 3M mirror film
P
- 1.5 T T T = z L5 T T — — I — T ;.
. 1— o 9] o o (r — a0 2_ N I— O/ Q L Q Ls] — 30 2_
0.5= — é 0.5~ — é

1~ o o] 0 fo) — 40 1 o o) Ee) o O — 40
l 5 1 1 1 qa‘e = 43I :! ps _l s 1 1 1 Ga‘e - I-1i2I 3 ps
=3 2 1 0 1 2 3 =3 -2 1 0 1 2 3
icnu) (cnn)
(c)Aluminized mylar (d)3M radiant mirror film

3M-film is the best for time resolution.



Double Hit Probability (%)

Double Hit "

—a— 3cm height
—— dcm height

Length (¢cm)

Can beignored
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Cost

Item Cost (k€)

SiPMT-MPPC 68
Scintillator 10
Support structurer 20
Digitizers, HV 62
Cables 47

PCB 2
Connectors 17
Laser for calibration 20
Opgtical fibers 21

Reflectors 1
Total 267

Cost estimate for the new
pixelated timing counter
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(uA)

/

(%)

AATA

> 104

Ac /o, (%)

Spectrometer Time (years)

Radial hardness

......

0 1 3
20 Feac curent
..... ..' .
: ..,..-."
b
0
signal amplitude J
(4] T e
o
-10+ 9

24 time resolution |

09

" !

a, = 32ps

0 5

A
10
.
J

15

20

Positron Fluence (10" /em™)

c o BEUK P
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=]

Results from the irradiation tests of
Hamamatsu MPPC (510362-33-050Q)
performed by the PSI SR group. Significant
increase of dark current (top) and 15% gain
degrease (middle) are observed, while the
timing resolution is unchanged (bottom).

Courtesy of Dr. A. Stoykov of Paul Scherrer
Institut.
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Another position reconstructio

e x=05% Alog— -> attenuation length to / t
0 Ql
L+x
BC422 Q < Nge 71
1200 ' |pi/mar 0 1386792

100 B nstant 97.24+2.12 7]
i an -0.1012 + 0.0247 I
801

Si 3 1.457 +0.020 |

60F

40 Resolution

- ~14.5 mm
2o 4.5

Reconstructed position (cm)
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Beam test time line

o BEUK F
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Dec. 12 Dec. 13 Dec. 14 Dec. 15 Dec. 16
Decide beam test Counter testin lab |Counter test in lab
Dec. 17 Dec. 18 Dec. 19 Beam Test |Dec. 20 Beam Test |Dec. 21 Beam Test

Counter Setup
(light shielding and
set on stands so on)

Setup in area

Check if counters

work with cosmic.

Setup at beam line

18:40-

Beam test start
parallel
configuration

parallel
configuration
-4:00

15:50-16:15
parallel
configuration

17:25-19:00
cross configuration

2:50-3:40
with one reference

4:40-5:00
staggered
configuration

5:10-6:30 (beam
shutdown)
with two references

2013/4/2

37
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Noise Correlation -

Noise C1-1 & C1-2 Noise C2-1 & C2-2
'—0-006 [T T T L T LR T T T ‘—0.006 T T T T T T [.F
— B . s s o B
@ - o C
0.0051 0.005 -
0.0041 0.004F ]
0.003F 0.003F -
0.002 0.002 :
0.001— 0.001" -
_I 1 11 11 11 | 11 :I | L i
00 0.001 0.002 0003 0004 0005 0006 00 0001 0002 0003 0004 0 005 0006
C1-2 I
Noise C1-1 & C2-1 Noise C1-1 & C2-2
T S 0,006
0.005F e e 0.005F
0.004: 0.004:
0.003: 0.003:
0.002 0.002f
0.001F 0.001f
:I L1 | L11 | L1l | [ | | [ | | [ | :l L1 1111 | 111 I - L1 11
00 0.001 0.002 0.003 0.004 0.005 0.006 00 0.001 0.002 0003 0004 00{]5 0.006

C2-1 C2-2
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”"“’“"”“"“”W\ean Correction (P05|tlcfn)“ -

Counter 1 Counter 2
%107 %107

T 'x”fddﬂ_ r !1111f3|1 I

=
o
Rt
&

=

o

pL 2.531e-12__t
| P2 LT756e13%
___________ P3G -1.864e-131 1,

t +t,)/2 (sec)

o3
j—h
th
B4
'='
j—
th

(t +)/2-(t +t,)/2 (sec)

D p4 P4 856e-1545.38e-15 |
R e e I — Y| W 1 NS T — -
1

0.05 0.05 .............................. ........................ _

S I - = + s B 0 I AN

' -10 -5 0 5 10 -10 -5 0 5 10
Reconstructed Position (cm) Reconstructed Position (cm)

2013/4/2 39
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Pulse height at beam test

C1-1 Height C2-1 Height

0045 T T T
0.04F

0.035

0.03} | | : | - : | | |
T — - e — — 0030 i gL 1 I— e e
0.025- |
0.015
0.01F | | | : -
0005 T S - LA B

—— Lab — ]
0.05 Lab ...................... ........................... ...................... __

— Beam Test

— Beam Test : : i
0.04— .......................... ) S - ........................... ...................... _:

0.02 :_ ......... ....................... .......................... ...................... _:

0_01: ......... .......................... .......................... ...................... _:

01 0
height (V)

1 | - I 1 1 1 1 :
0.1 0 0 =
Height (V) 0.

Pulse height decreases by 13% (C1-1) and 21% (C2-1)
Expected decreasingis 10 - 20 %
(Lab: <2MeV beta from Sr90, Beam test: MIP)



