Core-to-Core Program

EfraEE - 16pG22-10,11,12,13

Study on gain decrease of PMTs
in MEG |l gamma ray detector
MEG lIZEER 7 > T RIRHBOPMTS 14 ViR ICBET 58

g

Kazuki Toyoda on behalf of MEG Il Collaboration
16pG22-10

MOMEGT] P annual meeting @Nagoya Univ,

5K ICEPP
g5t K ¢ =
THE UNIVERSITY OF TOKYO The University of Tokvo



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

> u—ey search 7%  example of u - ey decay
o signal o dominant background: accidental
® + both 52.8 MeV/c ()
AN * back to back \ \

@ * same timing @ — @ ¥ @
\ @ é from éue—_: e;/):/y
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Introduction

MEG Il Experiment

o MEG II 1s experiment to search for u—ey

o goal sensitivity: 6.0x10'* in 60 weeks Seruie s st e
* MEG 1 It: COBRA LA T ertessaen og,/E, ~ 1%
Br(g —>rees;fl)t< 4.2x10713 (90% C.L.) S“pe“id”“"‘g magne SRS o/
(sensitivity: 5.3x10713) < e 4

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

Pixelated timina counter
g, ~ 50 ps
Muon stopping target

o this talk 1s on y detector

Cylindrical drift chamber
Radiative decay counter ap, ~ 100 keV

RDC) EPJ-C 78 (2018) 380
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Introduction

LXe Detector

o LXe scintillator (vUV light ~175 nm)
o PMTs on y incident surface are replaced with MPPCs

)

2 inch PMT X 700 ch

' ¥12 mmx12 mm MPPC X 4000 ch MC event display

— improve uniformity and granularity example of pile up
* energy resolution :2% @MEGI — 1% @MEG 1I (expected)
* position resolution: S mm @MEG1I — 2.5 mm @MEG II (expected)

o need precise calibration of ~ 5000 photosensors
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Introduction

Photosensor Monitoring

» calibration sources
o **'Am «a ray source = absolute response for LXe scintillation light

o blue LED —> gain calculation by Poisson statistics,
monitor relative variation by large photon statistics

> monitor during pilot run in 2018 Eg _.‘.-....@. ................ S A—
(ref: JPS2019a19pT14-6) PMT response 5 %
o response decreased with muon beam e

-> investigate in detail
« PMT : this talk

e MPPC: next 3 talks &
17aG22-7,8

MPPC response : |

EcEe&E. B
TTTTTTTIT

5x1010
3 /mm?

# of incident .,
VUV photon
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Fast Gain Decrease



Fast Gain Decrease

Calibration by Various Method

» charge = LYXQEXCEXG
_ jcommem

LY : Light Yield no effect on LED light
QE: Quantum Efficiency dependent on wavelength

CE: Collection Efficiency

G : Gain calculated by LED Poisson statistics

Response | | | | | |

ST ain

1__ ...... #‘&‘},'hi ............................... g

S charge for LED o average of 200 PMTs in LXe detector
0.98—; ................................................. ............................... Char e for ora . . .

. g 4 o decrease (~8%) 1s consistent with each other
096:—' ................................................. { ...... ;i .......................... .................................. _: Within 1%
094:_ ................................................. ..................... é; ..... ; ...... ; * ................................ _: 9 gain is main cause Of decrease

- CTI .
73 R F— f a};}}}g* ______ - o possible cause:

o R degradation of dynode material

20/10 2410 2710 date

Kazuki Toyoda irradiation JPS annual meeting @Nagoya Univ. 16pG22-10



Fast Gain Decrease

Decrease Speed

» decrease speed gradually decreases
o slower than exponential

average gain of 150 PMTs
! ' ' ' ! ' ' '

0981
096}
094}

092}

Irradiation Day
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Fast Gain Decrease

Beam Rate Dependence of Decrease Speed

» compare decrease speed at different muon beam rate

Decrease Speed

[%/day
SE T T ] E
4_52__ ................. MEG | ............................ * .............. _E
| 2017 ............................................... * ......................................... =l strong dependence on beam rate
3.52_ ................. 2018 ........................... '} ............. _i ° much faster decrease at MEG II nomlnal rate
3;_ ..................... ......................................... = than expected from MEG I observation
] ............................................... ......................................... _i
2§_ ........................................... ............................................... l ........................................ _.é ° larger gain iS available by applying large HV
1.52— .......................... * ..... l ------------ +v ---------------------- * ............. E ¢ can Operate at Safe HV?
lg_ ........................................... : ....................... ............................ [v ........ _g
0.5 E__ .......................................... _.:
0 E bR 3
0 05 1 1.5

Normalized Beam Rate [MEG Il nominal rate (7x107 u/s)]

Kazuki Toyoda JPS annual meeting @Nagoya Univ. 16pG22-10



Fast Gain Decrease

HV Estimation

» estimate HV necessary after 3 years operation
» assumptions:

o constant decrease rate: G = Gye~ %t (faster than observat10n)

o HV dependence

* assume only a becomes smaller

1500

» result:
o HV for most PMTs exceeds safety limit (1400 V)
-> need a way of making decrease slower "
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Half Gain Solution

Gain Dependence of Decrease Speed

» operation with half gain by lowering HV

Normalized Charge for LED

5| ' i - - 1 - - '
] —— " AR S— S
= : * . : 0 - .
ooob t R oo 0P 2 separate PMTS into 2 sets
0982%- ............ . ..... O e, ...................................... ’j * lowered HV of set AjllSt after 3'daY'Operati0n
oorb N nobeam for 3days =+ slower decrease @lower gain
= oy - 1 » most PMTs will be operated at safe HV
096 IR I IR ST = e et _: . . .
- ' * : 3 with low-gain-operation
0.955_ ............................................................................... + .............. _E
= b, 0.9%/day 3 HV after 3 years
0.945 Gain ............ ++ ....... + ............... _‘: 107 ‘ T s s _‘h‘S‘HV
0.93F S€tA: 1.6X10° > 0.8x10° . ... N i 1 O T
- setB: 1.6x10° l . 6: ( H ( ‘
0929 2 4 6 R A
Irradiation Day - H I o .
2 HU I JHH -
el L e N2\
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Half Gain Solution

Effect of Half Gain Operation
affected by HV

» smaller number of detected photons? charge <|LTxQEXCBG
o decrease of CE 1s only 5% determine statsitics
o photon statistics does not largely contribute to resolutions (cf. 16pG22-13)

> worse S/N?

o signal decrease can be compensated by doubling gain of readout electronics

o no increase of noise observed = S/N does not change!
(dominant noise seems to generate after amp of electronics)

0.008

q {160

Baseline RMS |

1 amp gain 1

T amp gain 2 ;

""" 1 —140
"""" B e RN = = 1)

I SR - 0
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TR el s sra s ()
g e e : gy v 40
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Study on gain decrease of PMTs in MEG Il gamma ray detector

Summary

» PMTs are used in y ray detector of MEG/MEG II experiment

» gain decrease correlated with muon beam
o strong dependence on beam rate
o so rapid that too large HV 1s necessary to compensate for decrease

» solution: half gain operation
o smaller decrease at smaller gain = safe HV even after 3 years run

o little effect on detector performance
- to be checked by monochromatic 55 MeV y this year
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PMT Principle

> G =[] aq;V (1 dynode)

ASE

EXREH AETF S EE (FBEHR)
AN N 4
DR R R

Crimdm o\ o o o 02
CL L3
Crm bS5 o 5= 0
R et
Crm 5 g 5 5 o= 116
mipEnin ity
mmjuiuls ujuiuiui

Jl_r" /N /N /\ "h
C ]
\ /

11T

1~8 =& 58
9 =Rtk

B 2-5 X ZIF 4> ILE Hamamatsu
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PMT Information

» R9288 & R9869
Size
Active area size
PMT length
Photo-cathode material
Dynode type

Aluminum strip = low temp.
Zener Diodes -2 large signal

Kazuki Toyoda

57 mm ¢

45 mm ¢

32 mm

K-Cs-Sb

Metal channel = fast, small, robust for B-field

K DYl DY2 DY3 DY4 DY5 DY6 DY7 DYS DY9 DYI0 DYll DY12 IP C4
T - | |

-C VY \V [ I

R14 % R15 % R16 %Rﬂ %Rw
R1 R2 R3 R4 R5 R6 R7 RS R9 R10 | R11 R12 R13 :
R20 Z1| R21 2Z2
VNN s
L | L ] |
C

R1RI2R13: 2MQ 1%,1/8W C1-C3: 0.022uF, 1kV o} 0!
R2-11: IMQ 1%,1/8W C4,C5: 0.01uF, 2kV +AV Signal
R14-R16: 51Q 1%, 1/8W . Output
RI17: 0kQ 1%, 18W  23. R3S (RG-188A/0) (RG_;;
RIS : 10kQ 1%, 1/4W A/U)

R19-R21: 100k 1%, 1/8W
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MPPC Monitoring

— . . 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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PMT Monitorin

» charge = Nyporon - QF - CE - gain
o LED of different intensity

variance
[(10%)?]

[
]

0.0015}
0.001F

0.0005f

o Strong LED: response for visible light

QE : Quantum Efficiency

gain :

[CE : Collection Efficiency

charge from 1 photoelectron}

slope = gain

depend on B-field

Charge follows Poisson distribution

gain =

“ mean [10%]

o charge from scintillation by a from **!Am

o current cannot be read out

Kazuki Toyoda

JPS autumn 2019

variance

0 Strong LED: response for visible light
o charge from scintllation by a from > Am
mentcannotbe ead out

LED

mean

» charge = Nysorgn - QE - CE - gain

o LED of different intensity

Charge follows Poisson distribution
variance

ain =
g mean

241Am a source
19-Sep-2019



Dose Estimation

» MPPC current for pulsed LED light (20 kHz)

signal size ~ O(100 mV)

T T ] I T ] T I T I T T T

meas.
current
(uA)

- @ smaller LED
light intensity

n * ~J x
TTT]TIT T TTITT]
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—_— (%] ) -
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\\/ P 1 1 | | | 1 | 1 1 | l 1 1 1 1 1 | E
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Dose Estimation

» MPPC current for signals from muon beam

meas.
current

(UA)

N — n = ~1 =]
T[T T T[T I T [ Tr T [ TTT T TTTT

(]

lllll'lfl]Yll

¥
¥

p—

lllllllllllllllllllllll Illllllllllllll

L 1 l 1 1 1 l 1 1 A I 1 L 1 l 1 L L l 1 1 1
02 04 06 08 1 12
exp. current from DRS charge (uA)

ce
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Irradiation of LED Light

» motivation: confirm that cause is dynode damage
should be independent of wavelength

> setup
o LED with pulse operation (1 MHz)
o PMT with large gain (5x10°)
o MPPC for light monitor

.

LED PMT & MPPC
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Irradiation of LED Light

» Result MPPC
PMT A
Normalized charge PMT B

1.02

0.98

0.96

Kazuki Toyoda

|
o no decrease observed except for only a few % fluctuation
e > 5x10'° photon/PMT/day for >10 days
* (2%x10%3 photon/PMT/day for 6 days @LXe detector)
o possibly different in LXe temperature (165 K)
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