VUV-sensitive SiPMs for light
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nEXO

e Planned low-background experiment

e | ocation: Sudbury mine, Ontario (6000 m.w.e.)
e High material radiopurity
e TPC filled with 5 tonnes LXe

e Diameter & height ~ 1.3 meters
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nEXO

e Planned low-background experiment

e | ocation: Sudbury mine, Ontario (6000 m.w.e.)
e High material radiopurity
e TPC filled with 5 tonnes LXe

e Diameter & height ~ 1.3 meters

Event

— O\

Released charge carriers  Scintillation light

l

Drifted to the top Detected at inner wall
*High electric drift field 4 m? photo-detectors
«Cathode on bottom *VUV-sensitivity (178 nm)

*Anode tiles for charge det. *High reflectivity coating

SAT17 | 07.10.2017 | Michael Wagenpfeil 7



Contents

\
’R ERLANGEN CENTRE
n FOR ASTROPARTICLE
= 17 pysics
-

VUV-sensitive SiPM

characterisation

for the

neutrinoless double beta decay

experiment nEXO

SAT‘17 | 07.10.2017 | Michael Wagenpfeil



Contents

\
NN ERLANGEN CENTRE
n FOR ASTROPARTICLE
= 17 pysics

-

V]

VUV-sensitive SiPM

characterisation

for the

‘neutrinoless double beta decay

experiment nEXO

SAT‘17 | 07.10.2017 | Michael Wagenpfeil

v



Neutrneless double beta decay

\

‘R ERLANGEN CENTRE
. FOR ASTROPARTICLE
ACal
-

> PHYSICS

e Possible if single beta channel
energetically forbidden

e Only ee-nuclei ("°Ge, 116Cd, 136Xe,...)
e Second order weak process
e Half-lives of 108 — 102" years
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e Possible if single beta channel

energetically forbidden

e Only ee-nuclei ("°Ge, 116Cd, 136Xe,...)
e Second order weak process
e Half-lives of 108 — 102" years

Necessary:
e Neutrino has mass

e Neutrino is its own anti-particle (v =

» SM-violation
» Hypothetical
» Enormous half-life

e.g. Ty > 1.1 x 1028 yr; 136Xe [A Gando PRL (2016)]

» (Good energy discrimination crucial
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SiPMs

e Pixelated semiconductor photodetectors
e Reverse bias (~30-60V)
e Geiger-mode (avalanche breakdown)

~26mp,

e High gain, radiopurity, pixel homogeneity;
Low noise @ |Xe temperature
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e Problem: not VUV-sensitive (typically)
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SiPMs

e Pixelated semiconductor photodetectors
e Reverse bias (~30-60V)
e Geiger-mode (avalanche breakdown)

e High gain, radiopurity, pixel homogeneity;
Low noise @ |Xe temperature

e Problem: not VUV-sensitive (typically)
e PDE crucial detector characteristic

(Typ. Ta=25 °C)
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SiPM characterisation

e \VUV-sensitive SIPMs from Hamamatsu
and FBK
1) PDE (photon detection efficiency)
e Measure rate from external light source
e Compare to device with known PE
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e VVUV-sensitive SiPMs from Hamamatsu
and FBK

1) PDE (photon detection efficiency)
e Measure rate from external light source
e Compare to device with known PE

e O-source as scintillation light source, PMT
as reference detector, cool down xenon
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e VUV-sensitive SIPMs from Hamamatsu
and FBK
1) PDE (photon detection efficiency)
e Measure rate from external light source
e Compare to device with known PE

e O-source as scintillation light source, PMT
as reference detector, cool down xenon

Unpublished data
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e VVUV-sensitive SiPMs from Hamamatsu
and FBK

1) PDE (photon detection efficiency)
e Measure rate from external light source

e Compare to device with known PE

e O-source as scintillation light source, PMT
as reference detector, cool down xenon

2) Dark-rate, breakthrough-voltage, gain,
electronic noise, crosstalk, afterpulsing

3) Reflectivity
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SiPM reflectivity

e Done @ Institut fur
Kernphysik, Munster

e Examine reflectivity of
SIPM surfaces in LXe for
xenon scintillation light
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SiPM reflectivity S s

e Done @ Institut far PMT angle
Kernphysik, Munster T

e Examine reflectivity of
SiPM surfaces in LXe for e

xenon scintillation light

Detector holder

Detector
Incident angle

Light beam

Collimator

Deuterium source

Monochromator
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e Done @ Institut fur
Kernphysik, Munster

e Examine reflectivity of
SIPM surfaces in LXe for Unpublished data

xenon scintillation light

AsSmall

Beam incident
shadowing angle
// - \%
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e Done @ Institut fur
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xenon scintillation light

e Measure photon flux
relative to zero-reference
for specific incident angles
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Kernphysik, Munster

e Examine reflectivity of
SIPM surfaces in LXe for
xenon scintillation light

e Measure photon flux
relative to zero-reference
for specific incident angles

Unpublished data
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e Xenon liguefaction and recuperation system

. )"1‘_‘__,‘,.%-,# e - ‘ : - : .
(6) Pressure 3o <a"‘%‘¢uw S (2) Pressure
control for = | ¥ oz iRy | control
re-usage : iR S B — |

e (3) Two step
. iy purification

. A

v .. -

A

,

(5) recuperaﬁbn

(4) liguefaction
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What we need:

e Good energy resolution AE

e Excellent detection efficiency €
e |Low background rate c

e Large decay material mass Mg
e Wait a lot: t

c - AE )1/4 2]

Mge ~ V1/€ _
BB (MBB t

What we plan:

e TPC with 5t of LXe

e |LXe enriched to 90% in 136Xe

e Low background (deep underground)
e Modern, sensitive detector systems
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SiPM - Principle e Pixelated semiconductor detectors
e p-i-p-n doping profile
e Geiger-mode avalanche photo diodes

e Incoming photon triggers charge
avalanche discharging one pixel

e Avalanche may trigger neighbor pixel

quenching bias / overvoltage

Multiplikation

Absorption

. trench Avalanche bulk
‘ region

/=
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Bonus

SiPM - Crosstalk e Single photon response

KETEKDN_PT_n100C 2808 may2? e Pulse height spectrum corresponds to
- e s number of triggered pixels
/ \ f | e Crosstalk needs to be corrected
H /\ A | e Rescale spectrum with 1p.e.
H Hﬂ{ \l/\ o ¥ response
L Mg

Mean 6.006e-07
RMS  3.045e-07

Mome/exa/Michael Analysisirip/K 100C_28p8_many27 Ml tarat 101
0

- Entnes 796!
14000(— < Mean 1253 l

- 1
12000}— B
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for double beta decay -
v

SiPM - Results e Crosstalk increases with overvoltage
BT 7 e Higher bias yields higher gain and
A w080 / . . . .
- o/ higher photon detection efficiency
05;_ ...................................... |;"‘J? .................
E W4 e Tradeoff necessary
C s
C b4 ) _
po e nEXO requirements: >15% PDE and
“E " /}/ﬁ | <20% correlated avalanches
0.1F ;
N R N R . e \We are not there, yet!
% 1 2 3 r 5 3 7 8 ]
Overvoltage [V]
25_ U T T T T NI T 7] = L I L R L L L B 5
] MEG 1 25 MEG N 15]
£ 20 FBK-2010 ] - FBK-2010 -
] C N \i}\i\ i C 7
£ 15— Al ] S . N .
g - SN\ ] 15 NN
R\ o AN
Ir AR . o I AR ]
£ 5 AT - s \iﬁt\ . 7
* b W ] N -
L R - I B A R X P
Over-voltage (V) Cross-talk
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e |arge thickness Geiger-
mode detectors difficult

e Split absorption and
multiplication domain

e Add additional p-layer

e Photos is absorbed via
photo-effect

e Photoelectron follows E-
field to multipl. domain

e charge carrier }

avalanche forms

e Problem: large dead time E
or low rate limit

e Solution: pixelize device

SAT17 | 07.10.2017 | Michael Wagenpfeil
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Light‘ Metal contact Quenching resistor

| |

P'

IVnu\s Single MPPC pixel

Passivierungs-
schicht

Loéschwiderstand Bias

Avalanchezone

Siliziumsubstrat Emtnttsfenster
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~10-100
nm

~50-500
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Bonus

e SiPMs detect photoelectrons

NOT photons i
e Can't distinguish between = 50| -
. & 102 £
different effects to create free g5 E
electrons within the detector S| S
e Dark events due to thermal ol
. . 30 10!
excitation |
2ELSO 6 510 160 15’:0 2(I)O 2510 300
Time relative to trigger [ns]
e Peaks refer to number of fired FE5E A | .
microcells = pixels s =
e can be identified as sum of E ‘
events that equal 1 (2,3,...) ]
photoelectrons (p.e.) =
e Again: we do not count photons: &
p.e. = photoelectron equivalent
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Bonus
Light Metal contact Quenching resistor
LL | ! Primary \ | resiator
Si0,
n n n n n n
N/

‘:.5;§
Diffused n*.substrate
Afterpulsing

=

T €

e Direct crosstalk: second pixel
triggered by diffused photons of
primary avalanche

e Delayed crosstalk: same process
but parasitic charge carrier
generated in substrate and
drifted to second pixel

e More exotic: crosstalk reflection
and external crosstalk
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