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Dual-phase xenon TPC
Working principle

» Readout of both scintillation and ionization
signals

time

~ Prompt scintillation light: ST

~ Secondary (proportional) scintillation light:
drift time

» Reconstruction of (depth)

> 3D position (X, Y, 2)

L. Althueser

> Energy

> Interaction type (ER/NR) through S1/57 ratio

» Self-shielding — fiducial volume
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R12699-406-M4 2-inch PMT
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R12699-406-M4 2-inch PMT

FOCUSING MESH \

\
What makes this model interesting? NN “‘is“@is R
METAL CHANNEL —
>~ Low profile : DYNODES <
From now on “2-inch PMTs”
> Low buoyancy
SEELEEE RNy
» Sub-ns rise-time and transit-time spread mortanobe "1 1 1T L T T T
(_|_|_S) (i.e. very fast) Multianode metal channel dynode principle

> Multi-anode readout
» |Less HV cables per channel
> Variable granularity

>~ 75% photocathode coverage

> QE of 33% (similar to 32.5% of R11410-21
XENONNT PMTs)

> Improved radioactivity *

Low profile PMT Hamamatsu R12699 M4 2-inch PMT 52 x 52 x
* See XeSAT2024 presentation by Y. Meng (PandaX) 9 15 mm



https://indico-tdli.sjtu.edu.cn/event/1861/contributions/11609/attachments/4517/7175/XeSAT2024_PMT12699.pdf

../ \ Universitat
s/ Zurich™

MarmotX

Photosensor R&D

A

b

Full MarmotX setup

10

MarmotX cryostat with two pairs of face-to-face 2-inch
PMTs
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XAMS e

Dual-phase xenon TPC

)

~ — o
K ___/"-
\ .

Full XAMS setup XAMS dual-phase xenon TPC
with two 2-inch PMTs installed
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Results

SPE response | Dark counts | Afterpulsing | Position reconstruction




Single photoelectron response

» Model independent approach as
proposed by Saldanha et al. (201 6)1

» SPE resolution 6 pr/ i pr: factor

1.23+0.14 higher than R11410-21
PMTs

> Typical gain of 2 - 10° exceeded for
each PMT at nominal voltage
(~1000V)

>~ Long term gain stability tests
ongoing

1Saldanha, R., Grandi, L., Guardincerri, Y., & Wester, T. (2017). Model independent approach to the single photoelectron

calibration of photomultiplier tubes. Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment, 863, 35-46.
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Dark counts

> Dark counts (DC) dangerous for
accidental coincidences (ACs)

> |mportant background for WIMP and
LowER searches in DARWIN

DC rate at LXe
temperature
[Hz/cm?Z?]
R12699-406-M4 0.4+0.2
R11410-21 1.4 +0.7

Area MAQOS5 [PE]
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Dark counts

> Dark counts (DC) dangerous for
accidental coincidences (ACs)

> |mportant background for WIMP and
LowER searches in DARWIN

DC rate at LXe

AC rate estimation
for DARWIN in WIMP

temperature ROI*
[Hz/cm?] [events/year]
R12699-406-M4 0.4 +0.2 4 -104
R11410-21 1.4 +0.7 3-10°

*4-fold coincidence, S1 ROI (4,20) PE and S2 ROI (100,1000) PE
AC rate same order of magnitude for XENONNT sized detector
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Afterpulsing

>~ Timing: ion drift path and mass-
to-charge ratio

> Expected timing order of

magnitude faster than
R11410-21 PMTs

> Different needed

>~ For 8PE/trigger occupancy,
separable AP rate: (0.90+0.2)%/

PE — hard to compare
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https://github.com/Physik-Institut-UZH/PMT_Analysis/blob/main/pmt_analysis/processing/afterpulses.py
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Characterization results
Position reconstruction

. i
X=Z;;

i—1 “total

Z
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XAMS Top PMT holder including anode and Center of gravity method
top screening meshes
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= - er
Characterization results
Position reconstruction
E 04r i
3 o ° ‘_ - . . |
XAMS Top PMT holder including anode and . —— 1.0
top screening meshes X charge ratio
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Characterization results
Position reconstruction

300

600

400

Entries

200

Determining location of the grid peaks in x charge ratio

rTTr 1T T T T 1 T T T T 1711
D I I D R R ! 1 1 1 111
ri1tr 0 1 1 1 ! 1 1 1 111
| D I I I R N 1 1 1 1P 11l
rirrr 0 1 1 | I P 1 1 111
D I I D R N I 1 1 1 111
N I I D R RN BN I 1 1 1 111
I I I R RN BN I 1 1 1 111
| [ I D I R DR I 1 1 1 111
[ I O R B R I 1 1 1 111
[ I O R R DR ! 1 1 1 111
[ I D D DR BN ! 1 1 1 111
[ I O DR DR BN ! 1 1 1 111
| I I D DR DR BN ! 1 1 1 111
[ I O D DR BN ! 1 1 1 111
I I D DR DR BN ! 1 1 1 11
[ I O D DR BN 1 N I
I I D I B 1 1 1
| I B
| |

0.4
X charge ratio

0.6 0.8 1.0

eF

1.0 —

0.8

Y charge ratio

e
N

0.2

O.%.

19

P P
« T R
=

_llllll.-.l:'.:.'l.'fﬂ"' -

H ]
-1 T:!..
" .'.l.:|:

" e ""H-"-._"

. s . ~ i'..':.'._.." T ;
x:..'._.}_h_.l"t# ..'q‘, _-.-!: - j ..-.:-:I.__ .l...l'l

_L-IE.._ ':ﬂu r._":_ L _:I

- [ EErpreke T T A, ML o

i r _-'|':.'i. A L

04 06 08 1o
X charge ratio

Maricke Flierman | 27-08-2024 | LIDINE 2024



Vipy
Characterization results
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Position reconstruction

Fit of the peak locations X with a third degree polynomial
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Summary and comparison
R12699 & R11410-21 + position reconstruction!

4 4 y )
/ 7 3 Iﬁ_a) Dimensions
@ Packing density
Ny : Dynodes (structure /
N ~ — el ngr%%efsoigsstr;geusr)e
|Q 1 114mm @ 77.5mm |© 1148mm o~ 56 mm C} /) Operation voltage
‘é’ ) g . (nominal / maximum)
&\(ﬂ 61.8 % &\(ﬂ 75.0 % 9 «, Quantum efficiency at
| Box & linear-focused / 12 ] Metal channel / 10 T ooty B sheet!
/\ 1500V /1750 V /\ 1000V /1100 V + (2 Gain (data sheet/
Wi, w', 11 '
7t 32,50/ (34.5+2.8) % 7 33 9%/ thd + :_ﬁec“ve) .
© ° - Ime response ISe
A3 3.5:10°/ (5.4%2.1)-10° A3 1.5.10°/(3.0£0.8)-10° ime  Transitime |
™, v ransit time sprea
5.5/46/9 ns 1.2/5.9/0.41 ns 4 . Expected He'
&° 0.5 s ge 0.03-0.06 ps @ | © aferpuisedelay
(& (1.4£0.7) Hz/cm? ) (& (0.5£0.2) Hziem? O © e ire

See https://agenda.ciemat.es/event/4282/contributions/5135/attachments/3439/5445/Lidine_Bismark_2023.pdf
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Outlook

Ongoing studies
» Long term stability tests
> Gain/SPE response

> Afterpulse rate

» Extend characterization to more
PMTs

>~ Assembly of 2x4 TPC setup at UZH

v

Improving position reconstruction

resolution by building simulation of
XAMS

Design of 2x4 setup at UZH
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Backup slides




SiPMs

Pros and cons

25%

> Pros:
| g 205 BA=128nm
> No high voltage needed § 81 = 178nm
> Cheap .g -
oY
> Low radioactivity X 10%
s
0
> Cons: 8 5%
Qo
> We need a large photosensitive surface 0%
— high channel count (high DCR, lots of VUV3 vuv4

cables, high data stream, etc) (50ump) (SOump)

> Lower QE ~20% for UV sensitive SiPMs From Hamamatsu datasheet
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DCR to AC estlmatlon
Very preliminary

>~ Semi-analytical (partially simulation, partially theory) model to predict AC rate
as a function of:

> Dark Count Rate
> Detector parameters (g1, g2, SEG, electric fields, etc)
> Detector geometry (size, number of PMTs, etc)

~ Matched to XENON1T data

- Extrapolated to DARWIN-sized detector
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Model independent approach!

Determination of the SPE response
> Fitting
> Shape of PMT charge spectrum of fully amplified PE not known

> SPE response under amplified due to sub-optimal trajectories through the
dynode chain

> Noise spectrum not known a priori
» Model independent approach
> Full spectral shape of SPE response not needed

> Only mean and variance of the SPE distribution + occupancy

1Saldanha, R., Grandi, L., Guardincerri, Y., & Wester, T. (2017). Model independent approach to the single photoelectron calibration of photomultiplier tubes. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 863, 35-46.
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Number of 2-inch PMTs in DARWIN
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Direct detection

Dual-phase xenon TPC working principle

1. Particle interacts with the xenon atom, GXe
which ionizes and excites the xenon

- s o s . e . -

LXe

————————

particle
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Direct detection

Dual-phase xenon TPC working principle

STt0p
GXe
2. Excited and ionized xenon forms dimer
states and de-excite: S1 (mostly bottom L Xe
PMT array) |
h
particle_3» “=7T__ S
S1 bottom
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Direct detection

Dual-phase xenon TPC working principle

3. Freed electrons drift up due to electric field

STtop

GXe

anode
gate

LXe

particle

cathode

S1 bottom
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Direct detection

Dual-phase xenon TPC working principle

STt0p
time
GXe f
an Od e *Eextraction
gate """" A
Lxe drift time
(depth)
Edrift
particle S, <" ____ US| _______. =~
4. Between the gate and the anode, extraction

fleld causes proportional scintillation of the cathode \ 4
xenon: S2 (mostly top PMT array).

S1 bottom
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Direct detection

Dual-phase xenon TPC working principle

1. Particle interacts with the xenon atom, time

which onizes and excites the xenon

2. Excited and ionized xenon forms dimer
states and de-excite: S1 (mostly bottom
PMT array)

drift time
(depth)

3. Freed electrons drift up due to electric field

L. Althueser

4. Between the gate and the anode, extraction
fleld causes proportional scintillation of the
xenon: S2 (mostly top PMT array).
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