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Commissioning of Liquid Xenon Detector (1)
Outline
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o MEG II
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o PMT
o Energy Scale
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Introduction

H—ey
» Charged Lepton Flavor Violation

o practically forbidden in Standard Model by tiny neutrino mass

o but many predictions by new physics are within experimental reach
* eg. SUSY with GUT/Seesaw 14

example of u — ey decay

X
» u—ey search
o Signal o Dominant Background: Accidental
©) +  both 52.8 MeV/c @)
N * Dback to back \ \

@ * same timing @ . @ + @
\ @ @ from éue—; e;/):/y
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Introduction

MEG Il

o goal sensitivity: 6.0x10'* in 60 weeks
comp (ared to 1\)/[EG ['result: 13 Liquid xenon photon detector
Br(u - ey) < 4.2x10™ COBRA 222900000 E, ~ 1%
(‘Lstensiti];ity: 5.3x10713) S“Pe'cﬁuc“”g magnet Setec KRNI 5!

o key concept:
e high u intensity: 7x10”u/s @PSI
* high resolution detectors §

o talks
 overall status: 19pT22-2
* timing counter: 17pT12-1,2,3 Cylindrical drift chamber
e radiative decay counter: 18pT12-1 Radiative aecay couriter Op, ~ 100keV b 78 (2018) 380

Pixelated timing counter

g, ~ 50 ps
Muon stopping waryet
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Introduction

Liquid Xenon Detector

o 900 L liquid Xe scintillator (VUV-light ~175 nm)
o PMTs on y incident surface are replaced to MPPCs

2 inch PMT X668

«—
12 mmX12 mm MPPC X4092 MC event display
— 1mproved uniformity and granularity example of pile up

* energy resolution : 2% @MEGI — 1% @MEG II (expected)
* position resolution: S mm @MEG1 — 2.5 mm @MEG II (expected)
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Introduction

Commissioning of Xe Detector

o pre-Engineering Run 2018

* sensor calibration by LED, ! Am « source ey

 17.6 MeV y from p-Li reaction AN

. b.ac.kground y from u beam (u - ev?/y, ee = yy) /,’ 7 ubeam +CH, target
* limited to % of full readout electronics / M
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o talks
« MPPC PDE issue: 17aT12-4,5 \

* energy resolution:
* sensor monitoring: 19pT14-6 (this talk)
* background spectrum: 19pT14-7
* p-Lireaction: 19pT14-8

p beam + Li target
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¢ 7
¢ 7
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Commissioning of Liquid Xenon Detector (1)
Outline

» Introduction
ou—ey
o MEG II
o Liquid Xenon Detector
o pre-Engineering Run

» Monitoring of Photo-Sensor
o MPPC
o PMT
o Energy Scale
o Prospect
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Photo-Sensor Monitoring

MPPC

— . . o PDE : Photon Detection Efficiency
> ChClT'g € = Npho ton PDE}\ gain ECF (depend on wavelength)

o weak LED gain : charge from 1 pixel
ECF : Excess Charge Factor

( = crosstalk + afterpulsing)

Example of charge distribution

350 __ ........................................ r ..................... 1 ...................... I ....... lhl‘(hwm:sl—n:
- i i [Entries 6024 [
e IS nshvuth S OE SU ivfMean G 0.1068 1

300 - : : : H Std Dev: 0.1194

250;_ ................. ..................... ...................... .................. _ Charge follows “Poisson + correlated noise” distribution

200} [ s m— e - mean
VP SN O O R S S gain - ECF = _ _
toof M u (expected # of primary discharge)

R estimated from pedestal fraction:
%2~ o6 charge [10%] P(0Ope) =e™#

o Strong LED: response for visible light

o charge from scintillation by a from **!Am -

o current from scintillation by y from u ‘ |
LED

241Am a source
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Photo-Sensor Monitoring

PMT

> Cha?”ge — Nphoton ' QE - CE - gain QE : Quantum Efficiency

o LED of different intensity CE : Collection Efficiency
gain : charge from 1 photoelectron

=
>
T
.
1

depend on B-field

] slope = gain

variance
[(10%)?]

=
N

e e S
'
|

Charge follows Poisson distribution
variance

0.0015F ------- ....... ...... J

0.001f -+ " S TR S -

. : : : ] ga’ln =
0_0005;_ ...... ........ . ...... _ mean

“ mean [10%]

o Strong LED: response for visible light
o charge from scintillation by a from **!Am
o current cannot be read out

| 241Am o source
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Photo-Sensor Monitoring

MPPC: Visible Light

Q
-

n | | I I -
- P - gain ECF
1.02 E_x .............. __E Charge from LED
1.01 :_ ............................................... -
1__ .............. @Q ........... s @ ........ C:)‘. ........................ 5- ............................................... __
0.99 :_ ___________________________ -' ________________ N _____________ 1 o gain looks stable < 0.5%
- ' ' ' d ) 1 o LED response decrease ~ 1-2%
098:_ ...................................................................................................................................... _:

i i i i
29/11 06/12 13/12 20/12
date / month
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Photo-Sensor Monitoring

MPPC: VUV Light

a.u.
104 E—veeennns '." ....... .! ............................ " cu rrent from y (from u)
1.02 ........ E ....................................... E .................................... :,......................................i....
= @ ...................................... : ......... R .............. Y Charge from o

098 —-------- LR LR R L PO PP TPEEPPEPPELPREE .......... H .................... P EREET: ﬂh‘
096 o et ............. B, (@ ARRRR! CERTEIEEEPEPPPRPRP 4‘-
094 ....E .............................................................. '.‘..i
092 e ;.......................................x.......................................;....
09 .. .................................................................. O.
P e SO USUON SOTOURT USROS 1?

29/11 06/‘12 13/12 20/12

......................................................... o current behavior is not simple

------------- o 1ndicates ~10% decrease of PDE for VUV
........ : 1n NISO h @MEG 11 1nten31ty

o response for VUV light 1s decreasing
much faster than for visible light

..................................................................................................................................

i
29/11 06/12 13/12 20/12

date / month
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Photo-Sensor Monitoring

a.u. & | | _
IE-.".*'.@. ............ ,.:._z O galn no B-f|e|d
0.99 é_.. ..... ‘ ............................. -...-“,_é B'fleld Conﬁg. 1
0.98 §_. ............................... @ ..... ..:._é | LED B_fleld Conflg. 2
0.97: ..6 ...... . ............................ ., = )
096 E—rrvvvvvforeesrereee S S — et - A alpha during u beam
0.952_ ................................................ .................. l';-.i- ................ .'.-_z
D] IR NSNS SN _ W S — e "__;.
0.93 §_. .............................................. '.‘O.‘.!_E .
= ; . .5 o gain & CE depends on
92 29/11 06/12 13/12 20/12 .
B-field configuration
# of muon (normalized) | | — o all behavior is consistent
1 :_........,...............................................................................; ........................................... : Within —~ 1%
08— —] .
= 3 o gain decrease ~ 7%
06— —
04— ey
02 —
: = 29;11 13;12 20/i12 =
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Photo-Sensor Monitoring

Validation by y from p-Li Reaction

» 0.4-1 MeV p by Cockcroft-Walton accelerator
» L1,B,0, target

2 o I . A B

. - - 1 — 120 4 -

> 17.6 MeV y from "Li(p, 7)*Be | e .
] ?_ 1000:" -

> first time in MEG 11 2 B V , f S
£ - .

— detail in following talk e T S DS B R

" - "Flp,ay)”0O: "B(p,y)“C Li(p,y)aBeg )

» 3 runs 600— [ 3. B N —
o 30™ Nov a0l ]

o 10t Dec N -

o 17t Dec 200(— .

10 15 20
E, [MeV]

c@
i
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Photo-Sensor Monitoring

Validation by y from p-Li Reaction
» 3 runs (30 Nov, 10 Dec, 17 Dec)

005h i %WW ......... d
0.04f - {Tl}“ ...... ]

S S 1 1
MR ﬂ“ % 1 o energy scale shift ~ 5%
w111 o shouldbe within 1%

- ++3+Jf tfH ] o should be checked more frequently

0.01:

0.05}

0.04f

0.03}
0.02}

0.01}

i I ; POt
0 -)(103 oﬁifl|||||||1|||||l||||||1|*ti>(103
500 1000 1500 2000 2500 3000 2000 2500 3000 3500 4000 4500 5000

energy (a.u.)
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Photo-Sensor Monitoring

Summary & Prospect

» MPPC

o PDE for VUV light looks decreasing
 under investigation (17aT12-4,5)

o cannot follow the change by frequent LED calibration

» PMT

o gain seems decreasing although it can be recovered by increasing HV
o but faster than expected — lab. test is going on

» Engineering Run 2019
o more stable long-term beam 1rradiation
o frequent a calibration (thanks to improve of DAQ speed)
o frequent p-Li1 runs to firmly confirm monitoring precision
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Physics Background

Ultra-high scale

Force unification

Matter unification

Charge quantization Neutrino mass
Leptogenesis

Flavor violation from

neutrino Yukawa

Flavor violation fro
quark Yukawa

TeV scale %y Spacetime—internal sym. unification
Darkmatter?
B~ s Solution for hierarchy problem?
I
Xo
LFV B(u—ey) ~ 10" -10*
Low scale

Lepton flavor violation

top-down

Kazuki Toyoda JPS autumn 2019

Other reasons

X = ys2/yn

| Strong correlation b/w
observed anomalies.
| Ifnew particle couples to
.1 both muon and electron
{ itinduces sizable u—ey.

bottom-up

\
§< h
. two-loop

I e
CMS mu2e/COMET
}h}.}" o S ——
‘(tm’;" w 'f‘ - ' e

Limit on u—ey provides

the most stringent limit on

the LFV Higgs decay
BR(h—pe) £ 10-¢

(CMS limit:
BR(h—ue) < 3.5%10)
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About XEC
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Figure 62 (Top) Response functions for the SiPMs with different total
pixel numbers measured for a 40 ps laser pulses [135]. (Bottom) The
number of photoelectrons expected from a 12 X 12 mm? MPPC versus
conversion depth in the MEG II MC simulation.

(¢}

Figure 59 An MPPC signal waveform (upper) and a PMT signal
waveform (lower) for the same a-event digitised at a sampling fre-
quency of 700 MSPS.
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XEC Performance (1
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Figure 71 Position resolution in the horizontal (top) and vertical (bot-
tom) directions as a function of the first conversion depth. The resol-
utions in MEG are shown with red markers, and those in MEG II are
shown with blue markers.
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Figure 73 Energy PDFs for E, = 52.83 MeV photons converting in the MEG (left) and the MEG II (right) LXe photon detectors. The response to
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shallow (top) and deep (bottom) events are shown separately.
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XEC Performance (2

Kazuki Toyoda
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Figure 74 Energy response functions with various assumptions of ad-
ditional fluctuation (0, 0.7 and 1.3%) and that of the 2009 data.

L

Normalized count
2
p-""’J

10°F
lo-l §_ .....
40 I 60 . I 80 I I(N)‘ 120
Energy [MeV]
(a) Before unfolding pile-up photons

€
3
o
o
=
o
N
E
S
Z

40 . 60 ‘ ‘ 80 . 100 120
Energy [MeV]

(b) After unfolding pile-up photons

Figure 75 Reconstructed energy spectrum obtained for different beam
intensities. The horizontal axis shows energies in GeV without unfold-
ing pile-up photons (a) and the same after unfolding and subtracting
the energy of pile-up photons (b). Green, black, blue and red lines show
the spectrum at muon stopping rates of 1.0, 3.0, 3.3 and 8 x 107 u* /s,
respectively. The spectra are normalised by the number of events in
the range 48—58 MeV; the scaling factors are consistent with the muon
stopping rate on the target. A difference in the low energy part below
45MeV is due to different effective trigger thresholds; a difference in
the high energy part is due to the different ratio between the photons
backgrounds and the cosmic ray background.
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Requirement for Sensor Calibration

Position resolution (mm)

g w
O w o s

-
O

0.

N

5 .

Position resolution with Estimation error of PDE

Energy resolution with Estimation error of PDE, QE

—

y resolution (%)
o O O
~N O O

llll]

o) 0.6 —é ...........................................................................................................................
0.5 o £5000410000000000080000010000008008800000080000005088000400000000000888888004000008000R0RNRES000100RNRNRISNNNNENEINIINERRIREIISSINNINS
0.4 o e eciiieeeeaecoiaiaitsisacusnacesasnnsssssaannnanansaants s asanananansaas tsansaunnananannssss s anann R ta s e s s asannsnnasnna s s s nnnannas
0.3 S

0.2 . NO ..................................... EITDTin ......................... Erroriﬂ .............
OAF - @FPOF MPPC - MPPC, PMT

Ener

| I | | ! I | 1 | I 1 | 1 I 1 1 1 I | 1 I

1 I 1 1 1 1 1 1 I 1
0 2 4 6 8 10 12 14
Estimation error of MPPC PDE(%)

0;|l|II|l|l||l|ll|l|l||l|l|||||

¥ 5.11 MPPC ® PDE Ol & (i@ - TX V¥ — RO [37), (£)MPPC ® PDE OJIE#%D

AN > TARIE S REEATEIL T 5, (H)MPPC
WEALT 5,

Kazuki Toyoda

,PMT ® PDE OJIEIHZZEDEIMIZ K > T XNV F — 43 fFiE
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Estimation of Radiation

Kazuki Toyoda

Y 1 x 102Gy
neutron 2.7x106 n/cm?

photon (Xe scintillation) ~10%° photon
(1013-14p.e.)

JPS autumn 2019

2alb—i3y
EBRAR—ILIZHBITHBEDRIE
2alb—32 :1lebpe. /s

EROERE: 1e7 p.e. /s
E— LKA 15085
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PMT History
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Backup

Individual Difference

- |Individual difference of measured PDE:

+ MPPC: 1.0%(636 channels) 5 .~ \/(,tzme +62
- PMT: 5.2%(364 channels)
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magnet

TTES area
\ R :
:'i Lithium Resonance ; I
ol Thick target excitation curve
———— Protron energy from CW

............. fompomponmnantfONy L L ey 1[ ARSI BT
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E (MeV
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Depth Dependence of Energy

# of photon

Kazuki Toyoda

MPPC

PMT
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Position Dependence of Decrease @MEG |
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Backup 28,15
Position Dependence of Decrease Rate @ MEG I
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ionin 2012

Estimat

after 1 year 3years 5 years
X1 WX3 X5

2012
w12
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HV Estimation based on Different Models

> Gain = a(V — V)

due to a
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due to VO: Zener diodes, cable loss

due to k: dynode material
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