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Photon detector (PD)

nEXO photodetector system e

e Low intrinsic radioactivity

e High gain (single PE resolution)
e Low bias voltage
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Recent publication on VUV-sensitive SiPM
performance for nEXO
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Performance of novel VUV-sensitive Silicon Photo-Multipliers for nEXO
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Study on degradation of VUV-sensitivity of MPPC for liquid xenon scintillation
detector by radiation damage in MEG II experiment
‘ ] TP
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e HPK 4x4 mini tile (VUV4)
e RTD-lugs coupled to PCB
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Environmental Test Stand (cryostat):

Large surface area: A ~ 150 cm?
Stable operation: o ~ 1 mK (3h)
Demonstrated range: 120 - 295 K
Turnaround time: T ~ 1 day
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\Drocedure

Characterization measurements
Flash 10*N photons
Return to step 1 for increasing N
When N >> 1020 /mm?:

o Anneal SiPMs, return to step 1
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Lens tube fixed to flash lamp
172 nm BP filter and lens
Flashed at 500 Hz

Cavities flushed with N2

Flash lamp configuration
for SiPM VUV irradiation
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2x 172 nm BP filter

Dual apertures eliminate Airy disk
Flashed at 500 Hz

Cavities flushed with N2

Flash lamp configuration
for SiPM characterization

Aperture
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172 nm
BP filter

I SRR, AR TR




le—7

zs e Raster scan used to
i P — position devices
:, e =421 e Device edges and
To——/  we=idmm center determined
cpestiontmm from scan
§: e Single sweep
£, 0 - 1022 o integrates beam,
£ - Ommm produces gaussian
278 o e Y-plcf;itionl[aranm] e 0 ' prOfIIe
le=12 e NIST calibrated XUV
- — oo photodiode used to
Z 101 determine beam flux
2 o5 e Flux combined with
To8) N T Shents v profile for beam
. ——— monte-carlo
0 500 Courlltosoo 1500

14



oy Dark box

Dark Box

Xe Flash Lamp

Cf252-GXe Scintillator

Characterization
measurements:
e Gain
o CAs
e PDE

N2

SiPM

Purge

Trigger

MARG-SM+
OPAB95
Amplifier

Oscilloscope

CAEN VX2740
Digitizer

Keysight
B2987a
Electrometer

PC

1.

2
3
4

\Drocedure:

Characterization measurements
Flash 10*N photons

Return to step 1 for increasing N
When N >> 10*0 /mm?:

o Anneal SiPMs, return to step 1




Gain - 2.2 x108 WY
mm

Gain - 5.2 x1012 WV
mm

T —
| =1
L g > Overvoliage [v] > ° ' ? ’ Overvoliage V] ’ ° ’

e (Gain calculated from T 1 PE Gain -
charge spectrum SRRl &
(Integrated waveforms) = | 08~ 3752 132

e 720000 1/Vsingle PE < |
ga|n 1077 W

ADC*ns




CAs - 2.2 x108 YWY, CAs - 5.2 x1012 WV
mm mm

—0.14 B
g:0.12 @ =(A)+1 i g
2 H e =
0010 o —he=FF _
So0.08 | I _%_}
%o.oe = iy ﬁq’
5 0.04 || — = ﬁ%
< | - |
£0.02 %—T: + % #L#
0003 2 3 3 5 6 ] 2 3 4 5 6 7

Overvoltage [V] Overvoltage [V]

e Zero-count method - Excess charge from

SiPM 7

used to determine “BE YN R Sgen 152211 0001
mean number of ] gt 0
avalanche

e 5% extra charge at 4V N | Ee

oV 0
ADC*ns




PDE - 2.2 x108 YWV
mm

PDE - 5.2 x1012 WY
mm

IVUV == ]D = PDE x (I)VUV X }l(A(;)

25 1
20 1
£
w 15
[a]
o
101 4+ si-7 +  si-11 + si-7 +  si-11
+  si-8 + si-12 +  si-8 + si-12 —
51 + si-9 -osi-14 + si9 4+ si14 Preliminary
. + si-10 + si-15 + si-10 + si-15 reSU|tS
1 2 3 4 5 6 1 2 2 4 5 6

Overvoltage [V]

Overvoltage [V]

e Xe flash lamp collimated
Into beam with 172 nm
BP filter

e PDE saturation around
23%

IVUV —ID — PDE |x (I)VUV X |—

Ge

Calibrated photodiode




VUV Sensitive
SiPM

e Xenon gas sealed in chamber
with Cf252 radioactive source

e (f252 decay causes ~172 nm
scintillation in xenon

e C(Coincidence trigger with SiPM

Decay event E L

Viewport -
Vacuum Chamber
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Conclusion

e HPK VUV4 SiPMs have been tested before/following high
VUV exposure

e No change observed for: PDE, Correlated avalanches, or
Gain

e Further evidence of SiPM technology readiness for nEXQO
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nEXO Signal and Background

« nEXO measures multiple parameters for each event to be able to robustly identify a 0vf signal
« As a fully homogeneous detector, it precisely measures backgrounds in situ
* No internal materials (other than Xe), making nEXO uniquely robust against unknown backgrounds
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Liquid Xenon Photon Detector with Highly Granular
Scintillation Readout for MEG Il Experiment

W. Ootani ICEPP, The University of Tokyo
on behalf of MEG Il collaboration

Calorimetry for the High Energy Frontier (CHEF2019)
Nov. 25th-29th, 2019, Fukuoka, Japan

A Surprise...

- Significant degradation of MPPC VUV-sensitivity!
¢ Seems correlated with beam ON/OFF
¢ Large degradation for VUV-sensitivity (< slight degradation for visible light)

¢ Degradation is quite fast: (~0.08%/hour)
¢ We can’t survive even for one year...
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