SIPM readout
of Xenoscope

XeSAT 2022
University of Coimlbra

Ricardo Peres

24/05/2022
\ DARWIN Universitit
— Zurich™

/L)

r, 3.4

/ /’,”4'\
v
e

o
"4
e

,"f

Y




Xenoscope - a full-scale vertical > DARWIN
ARWIN demonstrator ro———

92.5 cm Purity
Monitor

A 525 crm single phase B A1 dual-phase time BB A Final arift length goal.
i projection charmber A Electron signal from
A signal from Xe flash Bl A tlectron signal from ohotocathode and
[amp shining on a the photocathode | possibly internal and
ophotocathode A Proportional externdal sources
A Direct charge 1 ; scintillation light
readout from | :_ regdout with a SiPM
electrodes - | - tiled array
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Light detection with SIPMs

AAvalanche Photo Diodes (APDS) with a
doped PN junction in a silicon wafer

AEach APD is set in Geiger-mode and
oroportionality achieved by the

NnumMber of triggered cells

Aln recent years VUV sensitive SiPMs
were made accessible in large form

factors
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l from “Introduction to
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T s sews

Bias voltage 1-2 kV ~50 V

QE @175 nm ~395% ~30%

SPE 30% 4-6%

DCR 0.01 Hz/mm? o) Hz/mm?
Radioactivity Higher per area Lower per area

(excluding readout)
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SIPMs in a dual-phase LXe TPC - Xurich |

O Universityof DARWIN

BT

ALXe dual-phase TPC with 31 mm x
31T mm (diameter x height)

AOperated with a 2° PMT on the
oottom, 16 VUV MPPCs on the top.

APosition reconstruction (center-of-
gravity) with ~15 mm resolution

ADetector calibrated with 83mMKr anag
STAT

(https//doiorg/10140/epjc/s10052-020-8031-6)

ANew measurement of W-value in
L Xe

(https//doiorg/10.1140/epjc/s10052-021-09834-X)
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The Top Array of Xenoscope

ADimensions:
A Back plate: @160 mm
A TPC/active area @150 mm

ATesting SIPMs on a large-scale dual-
ohase LXe TPC

A Detect proportional scintillation light signal
from drifted electrons:
A Xe lamp on photocathode
A Muons with coincidence trigger

ATotal of 48 12x12 mm2 VUV4 MMPCs
from Hamamatsu

A 192 6x6 MmmM?2 SiPMs
A ~276 x 106APD cells
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(U) griwersivet . DARWIN
The Top Array of Xenoscope - . -

ADimensions:
A Back plate: @160 mm
A TPC/active area @150 mm

ATesting SIPMs on a large-scale dual-
ohase LXe TPC

A Detect proportional scintillation light signal
from drifted electrons:
A Xe lamp on photocathode
A Muons with coincidence trigger

ATotal of 48 12x12 mm2 VUV4 MMPCs
from Hamamatsu

A 192 6x6 MmmM?2 SiPMs
A~ 276 x106APD cells
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Hamamatsu VUV4 12x12 mm=2 MPPC -

A atest generation of VUV SiPMs from Hamamatsu : y
A 50-R pitch cells Mo e 2 |
| T 1000F )
A Tiled array with 4 12x12 mm?2 MPPCs [ ]
A Surmmed readout (parallel) with a x20 pre-amplifier C o e = L,
1 Rd6 B:]i ;w jc‘z;
A Known gain of each sensor allows gain-matching within tiles [ |k
'%TL,EO“ i—' l—?ﬁf _%,ﬁgw
._mk _Lfgﬂtnr: ) f-r’nl)P§;47 c‘\l.;?
1?05: 133?2'% %5‘5_4 'j-cu
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ALN,, boil-off cooling

ACryostat filled with
GN, or GHe.

APressure 19 bar

ATests between 170 K
and 200 K

ATermperature stability:

<00 K

ATermperature sensor
soldered to one PCB

sz DARWIN

24/05/2022

SiPM readout of Xenoscope

Electrical and instrumentation
feedthrough

Gas inlet

Pressure relief valve
Gas outlet

LN, coll

Cryostat

SIPM array
OnN-pboard PT100
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Liquid Argon Setup - LArS
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SIPM characterization - breakdown voltage

AMeasurements at different
temperatures in GN,

. LED ON - 190 K
Ain-situ LED at constant el AT =¥
UMINosIty I ' — 485V
)| \ Shh
AMeasured 482-490 V | \ =Pl
b 51.0V
g 10-¢ \L\ 53.0V
49.0 g Hl‘H
E.c-'nlflSB 10 | ’L\'
gqs.s ] ﬂr
_3434 10-a_§ . W
: . '\m 1 MH

0 50000 100000 150000 200000 250000 300000 350000 400000
Area [integrated ADC counts]

T T T T T T T T T
160 1685 170 175 180 185 190 195 200
Temperature [K]
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SIPM characterization - gain and SPEres

AMeasurements at

different temperatures in 10%y

GN, | (
AFit of 1pe peakin dark 10°} L 4306.40

count dataset E o: 186.709

) . P Res: 4.32 %

A Presence of 'shoulders” in 2102

photoelectron pedks (os

seen in G Gallina et al (NEXO

collaboration), Nuclinstrum Meth A 940, 101}

2019) :
AMeasured gain: O10% 0

. 107 0 | 5000 10000 15000 20000 25000 30000

A Measured SPE resolution: Area [integrated ADC counts]

4% at ~4x10° gain
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SiPM characterization -

AMeasurements at
different temperatures in
GN,

AFit of 1 pe peakin dark
count dataset

A Presence of ‘shoulders’ in

photoelectron pedks (os

seen in G Gallina et al (NEXO
collaboration), NuclIinstrum.Meth A 940,
2019)

AMeasured gain: O10°)

A Measured SPE resolution:
4% at ~4x10° gain

24/05/2022

AUl™) University of
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DARWIN
gain and SPEres i

e 170.0K —e— 170.0K
—e~ 175.0K
14 —e— 177.5K
—o— 180.0K
- 185.0K

190.0K

12

Gain x1e6
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—
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SPE resolution [%]
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SiPM characterization - DCR e

AMeasured DCR: O(1) Hz/mm? at Gxe temperature up to 2x10° gain
ALow cross talk orobability: 2-5 % up to 2x10° gain

20.0

X 190K X ¥ 190K % X
¥ 195K 2571 % 195K
17.5 - »
XX
i x
15.0 20 1 x X
~ X
& - X
S 12.5 y % = %
~ o™ 15 -
N 5 x . XX
I 100 X =
6 X % (@] XX
X 10 4
Q 75 x XX
X X
5.0 A X X X 7
X X 5 1 xX
% X XX
2.5 X %X
X X
1.0 1.5 2.0 2.5 3.0 3.5 4.0 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Gain / 10° Gain / 10°
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—lectron diffusion simulation e,

AThe overall effect is a combination of two independent random-walks
with distinct diffusion constants, D, and Dy

Aln the parallel direction, usually z the field gives an extra component b 6

n(Z, 1)

N — (2 + y?)
X exp 1Dt

—(z — vgt)’
= exp
A Drt/4An Dyt 4Drt

AThe variance of the gaussian distributions is given by the diffusion
constants such that

’ ¢OyoO
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Transverse diffusion measurements .

Arew and contradicting

from J. B. Albert et al. (EXO-200 Collaboration), Phys. Rev. C 95, 2017

| ) = 120f
results in current literature.  § T
ARequires fine position =
. = Q
reconstruction g sof - " B
Almproved fit by deep c el 1 o4 ' : ¥ }Dn
characterization of the L - A o
detector response = | .
| . 5 20}
AAccentuated in longer drift 3
times E 05 e
Electric field [V/cm]
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Xe lamp pulse workof v. Biondi

AGaussian pulse with FWHM=29 us
ANumerical aperture: 022

ADistance fromn Photocathode: 2mm
AGaussian distribution of oroduced electrons®

G0000 4

50000 4

40000 4

30000 4

20000 4

emitted electrons on the photokl

10000 4
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Initial electron positions
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Drift diffusion and electron extraction -

ADrift and diffuse the electron cloud over
through the TPC volume,

A 90% within a 15 mm radius

AAdjusted for electron lifetime and |
extraction efficiency.

y [mm]

ABinned toy-MC light patterns on the top
array area.

AFinal light distribution as the sum of
each electron light pattern

x [mm]
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Signal on the Top Array

AActual top array is finitely tilled:
A 12 tiles of 412x12 SiPMs

ADirect measurement of
diffusion

ASimulated response of SiPM
array can be used as d
template for diffusion constant
fit

Alnform next design choices and
ohysics reach




Signal on the Top Array

AActual top array is finitely tilled:
A 12 tiles of 412x12 SiPMs

ADirect measurement of
diffusion

N

ASimulated response of SiPM : |
array can be used as d
template for diffusion constant
fit

Alnform next design choices and
oNhysics reach
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Outlook

Axenoscope will feature an array of VUV SIPMs in its next
run (starting this summer/autumni)

AAll the sensors are Oeing characterized to detect outliers
and allow gain-matching
ABreakdown voltage, gain, SPE resolution, DCR and CTP
AAt LXe and expected GXe temperature (170 K to 200 K)

AEquipped WITh lIght readout, Xenoscope will be able to
Measure the electron longitudinal and transversdal

diffusion constants in LxXe
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Event selection
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DCR vs threshold
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Lots of PEs

VUV4 MPPC - quad configuration
49.5 Vpias | LED ON

2500

2000

1500

Counts

1000

500

0 20000 40000 60000 80000 100000 120000 140000 160000
Pulse area
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Simulating a light signal from a @z DARWIN
diffused electron cloud A

C )
Xe lamp produces a
pulslz Igf light Focusing effect on the
4 ) hexagonal grids -~
Drift of electrons with Extraction of
Vs = Y longitudinal and - / electrons
Light shining on the transverse diffusion Some were captured
A / by impurities
photocathode produces an N b7 )
(extended) electron cloud /
(S /
C )
Proportional
C A C A scintillation inGxe
DAQ and signal |, Detection on the / (no reflectors)
processing SiPMs \_ )

N J N J
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Drift and diffuse e |

onees

APropagate the electrons given @

certain time step. 15
AGaussian random-walk + drift N

velocity E ool
AStop when electrons reach the T sl h

length of the TPC e

® [mim]
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Drift and diffuse

‘-r European Research Council

. . /
Electron positions after drift
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https://github.com/alexkaz2/hexalattice

—ocusing effect on hex mesh

AFocusing effect simplified:
all the electrons converge
O thelr closest hex center.

ACount how many
electrons are in eacn.

AApply extraction efficiency
(99%)

AApply e-lifetime (2000 us)
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FAA™) University of

From electrons to detected @tz DARWIN
photoelectrons y—

AWwnat to take into account

ADroportionql scintillation: (‘'over’)simplified by using a single-electron
gain (2857 pe/e- from Xurich 1)

ALCE maps, or what's the chance that a photon frorm a certain hex
center nits a certain (xy) on the top array??

ALCE maps o 6 (@ a)AT-@dAL
AToy-MC in half a sphere (1e6-1e8) ®w o (@ o)i QoA+
A Select hits on the Top Array

ADiscretize into bins (2dhist), normalize and define interpolative function
(spline)

A Repeat for each hex center

AThe number of photon/pe for a given ared is then 0 OGO QW



From electrons to detected )™\ DARWIN

photoelectrons
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