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Applications of Liquid Xenon Detectors

Direct Dark Matter
Detection
WIMPs, ALPs, ...
Dual-phase Time Projection
Chambers (TPCs):
XENONNT, LUX-ZEPLIN,

PandaX, DARWIN
oingle-phase: XMASS

| Rare Decays
e 7 — uvy: RAPID |
e U — ey.: MEG

[ '2Xe ECEC: XENONIT ‘

Cold head of Xenoscope
L. Baudis et al. JINST 16 -
(2021) P08052

Other

w ,Medlcal Imaging: SPECT, PET (e.g. |
XEI\/IIS prototypes, NIM A 912 (2018) 329) |

Neutrlno Physms

|« Ouvpp decay: EXO-200, nEXO, [ |
| current generation TPCs and |
DARWIN ‘
Low-energy solar neutrinos, |

] V
supernova neutrinos, CEUNS: |

current generation TPCs and | |
DARWIN | V

Gamma-Ray Astrophysics: TPC as
Compton telescope on balloon (LXeGRIT |
prototype New Astron. Rev. 48 (2004) 257)

E. Aprile and T. Doke

Calorlmetry in HEP: Prototypes (NIM A
Rev. Mod. Phys. 82 (2010), 2053

\[234 (1990) 439, NIM A 451 (2000) 427)
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Particle Interaction in Liguid Xenon

|
| lonisation -> Charge (‘H Scintillation
Xe — XeT + e~ o= ,‘ Y + 2Xe < | 4 -> Light
€. Xe* 4 Xe — Xe}

+Xe
Atomic
Teat]Ngotion
N A
Recombination -> LightﬂXe; Te y Xe™* + Xe

Energy deposition -> Scintillation (direct + recombination) + lonisation + Heat
Excitation
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Dual-Phase Xenon Time Projection Chamber
VAN
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horizontal position S2 Light

top photosensor array
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scintillation (51) and delayed £R (B.y) background
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E L @shaping « 3D position reconstruction

; rings
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>electron recoil
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gammas & e-

* ER/NR discrimination based
on S1/S2 ratio

WIMPs or
neutrons
nuclear

recoil (NR)
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Mean Electronic Excitation Energy of LXe

 Sum of excitation quanta proportional to energy deposition, scintillation
and ionisation signals are anti-correlated

 Model LXe excitation with work function W — average energy to produce

a quantum (e-, y) in an (ER) interaction of energy E A v,

| #y from direct excitation |

e‘
and recomblned e

. Mean value we do not subdmde iInto W for scintillation and W for

lonisation

https://i.redd.it/1mo8ju8i3my51.png

» W defines the recombination-independent microscopic absolute energy —
| Assumption: ‘
e--ion-recombination |
| ylelds 1 photon |

H

scale of LXe detectors

<-> Unlike relative calibration w.r.t. energy lines from calibration sources
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| iterature Values of W

Widely used value measured by E. Dahl [1]:
W=(13.7x0.2) eV
= \With a >7Co source at ~100 keV

= Small TPC with PMTs operated in single and
dual phase mode

= Absolute charge yield calibration with an
amplifier on the anode

= Consistent with former measurements

2 years ago EXO-200 reported on a measurement

with © (1 MeV) gamma sources [2]:
W=(11.5x0.1(stat.) £0.5(syst.)) eV

= Single phase detector with wire charge and
LAAPD light readout

= Absolute charge calibration of amplifier on
readout plane

W (eV) W; (eV) Particle type Year Ref.
— 15.6 &= 0.3 e~ (976 keV) 1975 [31]
— 13.6 + 0.2 v (662 keV) 1979 [32]
147+ 1.5 - e~ (976 keV) 1990 [36,37]
- 976 £ 0.70 e (0.02-3 GeV) 1992 [33]
13.8 0.9 — e~ (976 keV) 2002 [16]
13.46 = 0.29 — vy (122 keV) 2007 [13]
13.7 = 0.2 - vy (122 keV, 136 keV) 2009 [12]
14.0 - y (164 keV) 2010 [35]
13.7 £ 0.4 — Compilation 2011 [9]
— 16.5 £+ 0.8 vy (122 keV) 2011 [18]
— 14.30 £+ 0.14 Compilation 2014 [20]

1.
2.
LBNL INPA Seminar (online), 8th October 2021 e

Table taken from [2], references can be found therein

C. E. Dahl, PhD Thesis, Princeton University (2009)
EXO-200 Collaboration, Phys. Rev. C 101, 065501 (2020)



https://inspirehep.net/files/c435c4cf12f36e5f495e765063e72a3e
https://doi.org/10.1103/PhysRevC.101.065501

VWhat we have in our lab in Zurich...
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Xurich Il TPC with SIPMs i

 Small dual-phase TPC designed to study low-energy interactions

e 2 x 23513371 VUV-4 MPPCs from Hamamatsu on x10 pre-

amplifier board in the top array — 16 channels

e 2-Inch R6041-06 PMT from Hamamatsu at the bottom

10 kV/cm extraction field (5.4 kV/cm in LXe)
« Up to 1 kV/cm drift field

L.. Baudis et al., EPJ C 80, 477 (2020)
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SIPM Performance

e @Gain: (3.12 £ 0.01) x 106 (< 6 % variation among channels) - 30

. “y s . . —25
 Horizontal position reconstruction resolution: ~1.5 mm

5
 Error-weighted mean DC rate: (8.05 + 0.03) Hz/mm=2at 190 K, 51.5V é oF

-5
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Characterisation with Internal Sources

 Mix keV-scale ER-sources with the xenon for homogeneous event distribution

83Rb e B o
T1,2=86.2d B S _ 60
1 i
o E|
62 % 571.1 keV i 4
D -
30 % 562.0 keV .
ok oL Bl CRCEEEEEEPEPY i -
R |RX ] '
© I
V| 4156 keV|  ssmiy ;
9.41 keV T1/2= 1.83 h : :
6% ¥ Tip=185.11s 85 0
— 32 15 keV 0 50 1?20[m n12?0 200 250
0 keV Kr !

------------------- stable \ 9.41 keV e 37Ar T1,2 = (35.01+0.02) days
45 ( y
w0 v,  Electron capture: e + 37Ar —> 37Cl| + Ve
35— 3¢
_30 | & Ener .
Eos 15 “ (| Decay JY Branching
% 20; 0.51%: Threshold: 0.34 ' if mOde release ratio
B o fa keV]
< 10— 1778500 9000 9500 10000 10500 11000 11500 12000 l EPJ C 805 0
i ﬁ' ™ 477 (2020) K capture 2.8224 90,17 %
0= prommermnon 0 03 R R L capture 0.2702 8,90 %
5 G000 f0000 12000 14000 16000 18000 20000 W capture 0.0175 0,93 %

Time [ns]
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s3mKr Calibration

o 83mKr decays Iin two steps via isometric transition
with intermediate T12= 155.1 ns
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3’Ar Source Production and Introduction

| _ EPJ C 80, 477 (2020)
e Production from natural Ar via thermal

neutron capture on 36Ar(n,y) with ~5 barn g 1 &J‘“ %‘*
* Produced at Swiss Spallation Neutron Qij SIS
Source (PSI Villigen): 1013 neutrons cm-2s- = %
pla—pla—lg
|Isotope”™ Abundance T12  Decay mode Daughter Energy  Activity™ e{ﬁ—@l s % Sk %
1/2 T
%] keV] _ [kBd] e e
36Ar 0.334 stable | o BB
,é{ A I\ W W
37 Ar e e{T <—0O) — p Cold !
119 L= | U
38Ar «— Getter I
39Ar - - i Ik S o T
p i@éhambg o @ -
40Ar stable ‘ =
41Ar - *higher isotopes negligible due to small T1/2 0r low activity

**calculated per 1.5 cm?2 quartz ampule
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37Ar Calibration

* Identified K- and L-shell population

 (Checked half-life and branching ratio

o Derived detector response parameters: gl := S1/n,, g2 := 82/n,-

« (Compared light and charge yield to NEST predictions
EPJ C 80, 477 (2020)
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Given: High-statistics keV-scale calibration
data In dual-phase mode at different

drift fields
Determine: VW-value
Solution: ?
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Vlieasurement Principle

» Rewriting E = (n, + n,-)W with the detector gains g1 := S1/n,, g2 := 52/n,:

QY
. Doke plot
Local: Global:
< W o ©S2% =82 - e51%
* Slope of anti-correlation line N\  Charge yield axis intercept of
« S1-S2 population at energy E  (Fls1_o) , anti-correlation line
S Data o< —g2 \f< — i—
* |ndependent measurement of g2 * |ndependent measurement of g2
< gl ™
- LY
S1 >
F‘SZzO X W gl

Problem: How to determine g2 in an absolute way?
Idea: When a single electron is extracted to the gas phase: g2=S
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Single Electron Gain Measurement

* For single electron extraction (SE): g2=S2
 Highly abundant, quantised process with a rate of ~17 Hz
* Origin: delayed extraction, trapped charges, cathode emission, 3’Ar M-shell (max. 0.5 %)

e Detection and S1/S2 identification efficiencies relevant for small S2s

30 X10° ot x10’
E _———::‘:‘T‘,-“._.-ﬁﬂ'-'HMHMHMHMHM 100 oo E_ Top SiPMs
251 e en o 20 -
i B == == == Detection Efficiency (DAQ) —180 E 18 ;_
~ 20 — S2 Taggi ici i — 70 = —
C\! & f ~F A} vessssms agging Efficiency (Processing) O\O g 1 6 =
o - —60 > o 141
5 150 50 & g 125
N _ S N
2 Total PMT+SiPMs 40 £ o 10
2 10— LLI S gb
S —30 2 F
° F .' S 8-
5 1|, 20 AE
B ,{’ — 10 =
0 reeaaraziiiall wd M | | | | | 0E | | | | | | o——
0 10 O 30 40 50 60 70 80 90 108 0 2 4 6 8 10 12 14 16 18 20

cS2 [PE] cS2t [PE]

= DPE/crosstalk and efficiency corrected: g2 = (29.84 = 0. 01 (stat.) = 0.40 (syst.)) PE/e—
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Anti-Correlation Fit Parameters

 Use anti-correlation fit for 2.82 keV, 9.41 keV, 32.15 keV, 41.56 keV at all available drift fields
(from 80 (484) to 968 V/cm for 37Ar (83mKr)) -> better accuracy for higher separation in S1/52

Ry
/

4 4

A

18007 1800 _
N Split Kr-lines © “ar,282kev S Merged Kr-lines ® VAr,2.82keV

% 1600 | B 8", 9.41 keV %‘ 1600 [—
~ B 83m 2 B ®MKr, 41.56 keV
m 1400 - A Kr, 32.15 keV m 1400 =
= - 7 Various drift fields = -
S 1200 — / «‘ S 1200 —
Q@ Z Q@ B
> L > -
o 1000 — o 1000 —
> - = - e
£ 800 5 800 Y
I - IS - K2
e 600 — T - S 600

B +11. [] -
% 400 :_92/ g1=289.5 +0.1 (stat) /' (syst) N % 400 [ 92/g1 = 291.8 + 0.2 (stat.) + 11.3 (syst.)

- S2/E = (2596 +0.001 (stat.) *’ " (syst.)) PE/eV _ S2/E = (2.606 + 0.001 (stat.) + 0.052 (syst.)) PE/eV

200 C | | 7 | | 200 - | | | |
3 4 5 6 7/ 8 9 3 4 5 6 7/ 8 9
S1 total light yield [PE/keV] S1 total light yield [PE/keV]

= DPE/crosstalk corrected: g2/g1 =289.5+0.1 (Stat.)f;.lf’ (syst.),
S2/E = (2.596 £ 0. 001 (stat.)*705: (syst.)) PE/eV
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Systematic Uncertainties
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e Single-cell output should be the same?

e Well-known for SiPMs: crosstalk among neighboring cells -> photon
crosses trenches, 2.1 % at4V OV and 3.3 % at 5V OV [©]

e But: crosstalk measured as ratio of 1.5 PE and 0.5 PE threshold from

DC data -> excitations from the bulk, not external -> Any difference?

e Single photon source not available -> position cut doesn’t work in

small TPC -> Use combinatorial method instead

O O
r 7

| AN\~ |Single Pixel
-

ﬁ . 3] C.H. Faham et al., JINST 10 P09010 (2015)
wm?\Pvc\)ft\?vW%;absorption Ao :4; P Lc')p.ez Paredes et al., Astropart. Phys 102 56-66 (2018)
5] E. Aprile et al., Phys. Rev. D 99, 112009 (2019)

APD Ro : J
[ s 6] L. Baudis et al. JINST 13 P10022 (2018)
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.mean light fraction of sensor | for FV

= pl
kll | |

.number of hits in sensor |

q...DPE probability

Consider events with 3 detected hits -> 3 cases:

===

k=3.k=0Vj#i ;
or 2y—>3h1ts or 1y — 3hits*

|

.
'3y — 3hits

= *NNLO
= not acceSS|bIe because very unllkely

—

ulk—h=k—1k—ow¢z¢m¢, w
3y - 1+ 1+ 1hits :
I

\

i

|

*
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k=2 =1Lk=0Vj£l#i
3y >2+1lhits or 2y — 24 1hits

-
L.

1

l"

2q(1—-q)

15
=) NH — N3}/. 3 Zplz(]‘ _pl) +
i=0

. -

Nj,,...# events with 3 initial photons that are all

detected
28 N2h,23

277 (1-gqp
by two different sensors
N202s - # avents with total 2 hits, one in each sensor

...# events with 2 initial photons detected

20
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A Combinatorial Approach

15
N _ 3 szz(l _pi)
q = -, N:=N'-N"—Z= e- e-

. ON?h2s 4 N
ZE) ;pipj(l —Di— D))
=0 j#i

* Light fractions in the sensors from data (simulation): 20; Simulation
» Corners: 4.6 % (5.4 %) 15;_ g
10E o,
 Edges: 6.2 % (6.2 %) o S
| 5 6 5§
. Middle: 8.0 % (7.2 %) = | ips
€ 0 2
e From SE spectra: q = (2.2 + 0.1) % - .-
-9 ° 5
« Well in agreement with the crosstalk probability from 105 c
DC data (Baudis et al., JINST 13 (2018) P10022) T 5 53
15"
* No extra DPE effect for SiPMs -
—_ IS PR BN NN
20 15 10 5 0 5 10 15 20 .

X [mm]
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waveform has fallen below half the maximum

height of the two peaks

500
- Max. charge loss:
- -2 % (PMT), -4 % (SiPM)
400_—
300

200

ADC bins

100

|l|l|l|l|||l|l

0

_lllllllllllIlIllllllllll|lllllllll|lIlIIlIlllllIl

Max. charge gain:
+10 % (PMT), +20 % (SiPM)

)

s e

Kr-S2 Splitting Routine

~ Split at local intermediate minimum when

o-ratio = 1
amplitude ratio =5

Split at minimum of combined
curve if lower than half max
height of single peaks

First S2 (32.15 keV)

0,161

. — Second S2 (9.41 keV)
ul X
L 3.2 1» 4.18

2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500

Kevin Thieme

Time bins

6.4 % of second S2 0.5 % of first S2

Data-driven approach based on well-separated peaks
(> 1.2 us) -> shift together up to the point where

splitting Is just about possible
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All of this finally yields...
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VW-value Result

= \\/ith global approach'

= |_ocal approach yields mean values of 11.1 —11.6 €V

depending on evaluation point (energy)

* Local approach yields slightly higher uncertainties ¢ Hybrid photosensor arrangement only has

due to less direct nature of the approach limited impact
 Error dominated by systematics, and very * |n agreement with the EXO-200 value (@ ~keV):
competitive compared to former measurements
PEHHVE COmP - W =(11.5+0.1(stat.) = 0.5 (syst.)) eV

* Treated systematics from TPC, photosensor, DAQ

.  |ncompatible with value from E. Dahl of
and processing effects

(13.7x£0.2) eV -> 16 % higher
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Consequences

A lower W-value...

...does not affect the macroscopic energy scale (= translation from S1 & S2 signals to energy
deposition) of LXe detectors -> fixed by calibration sources

...rescales the detector gains g1 & g2 of LXe detectors to lower values (-> reduced
absolute response to excitation quanta)

...Implies a higher Fano factor:

- Non-Poissonian fluctuationinn :=n,+n,-: o, =4/I'n

. . Op 0,
. Fano limit of energy resolution: E
n

. op =\/FEW
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DARWIN

~ Thank you for listening!
“arXiv:2109.07151

darwin.physik.uzh.ch . e
| . twitter.com/darwinobserv
Xenoscope.org | |
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~ Backup Slides
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Derivation

>~ Follow E. Dahl’s thesis [1]:

The total number of scintillation photons is the sum of direct excitons and recombined ions,
Nph — aNeX =+ brNiona

where r Is the recombination fraction and a and b are efficiencies to produce scintillation photons. For a recoll

energy E, we define

. _E . E
Wq " Nion and th " alNex+bNion ’

l.e. the W-values corresponding to the total charge yield with zero recombination and the total light yield with full
recombination, respectively. The number of extracted electrons is given by

Nq — (1 — r)Nion.
Combining the equations above, we find the recombination independent sum
E = (Ng - Ngh JOWpy.

We identifyn,- = Ng, n, = N,,/b and W = bW,,,, . W can be interpreted as the average energy needed to
produce a quantum — either an electron or a photon. The definitions yield the well-known expression

E = (ne- +ny,)W.
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Nuclear Recolls

Lindhard factor
(energy dependent)

 ER -> E completely converted in electronic excitation

* NR -> Elastic collisions with other nuclei (quenching)
« N,/N, larger for NR than ER -> mean W would be lower (less energy needed for exciton than ion)

-> However, difference can be absorbed in &
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STAr Results i

* |[solate (uncorrelated) M-shell events with time veto ->

1800
converges to right branching ratio M/L 1600 £
. . . . . . 1400
 But branching ratio M/L increases exponentially with time & 00
- - 51000 -
-> another uncorrelated source of SE as irreducible §800:
"E —
M(t) + x M, X = =
background BR(f) = (D) + X% _ 0 70, In2q5 S 600 o 7 0.27 ke
L(t) LO LO 400 ?i /
200 ¥
PO . N il 2
140 b e : " s e, e 0 100 200 300 400 500 600 700 800 900 1000
L LT - S2 [PE]
— 120 — " -
§ 100 - A A N 100 __ Shaded regions (excluded for the fit): }
g - AA‘AA . = 10° %) B Different drift fields
s 80— t. -5 80 [
§ - — 8 : Low statistics ,
ah) — A _ -
q>) GOj A ol g 60 —
E : Branching ratio with uncertainty band ' S as :
&) 40_— p— I';iterature valui:10.45'T(§:.j'(§)34 % E 10° - 40 L
20 A Events in S-E population _ 20 :_
O_‘ | | [ [ ] ‘ \ \ [ [ | ‘ | | | \—Tz * 0:- | | | |
107 1 Veto Time [ms]  1© 10 0 20 40 60 80 100 120 140 160

Time [days]
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Scintillation Yield [photons keV ]

lonization Yield [electrons keV ]

Light and Charge Yield at Low Energies
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L.W. Goetzke et al., Phys. Rev. D 96, 103007 (2017)
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6? 30 14 10 | - }
i N Es 12 = | 40P
o, 4 20 ¢ o 104 8 -
é 3 15 % % 8 % 7 E ]

,_|Free Electron Lifetime | Jif° S :
S 0.02F : @ 3
o 0.01- O 2
2 o 2
5 oonl 3 L I
T 0 T2 4 6 8 10 12 14 16 18 * % 2 4 6 8 10 12 14 16 18

Drift time [us] Drift time [us]
20
- B —60
15F  ASssume pressure,
" . - = L 50 : :
» Data is fiducialised 0 E density and purity
and drift time related ¢ ° i fluctuations, and
systematics in S1 = % attenuation length
5~ :

and S2 are corrected : , beyond the
-10F % § corrections to be
-15¢ negligible

EPJ C 80, 477 (2020) 200 4510 5 0 5 10 15 20 ° % 50 100 150 200 250

X [mm] r2 [mm?]
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S2-Gain — Liquid Level

e Assumed constant at 2 mm during the 35 [ = Top PMT. 32.15 keV
runs (4 mm between gate and anode) B m  Bottom PMT, 32.15 keV
| Top PMT, 9.41 keV
e Temperature range liquid: 0.4 K 30 [— _ . B?)i)tom PMT, 9.4? keV
e Pressure range: 0.05 bar — -
: : LL] o5 | O
* Recirculation rate range: 0.1 slpm Q. - ~
 Leveling procedure gives rise to 125 pm § 20 - - _ -
change in liquid level among runs <-> = - E
2.9 % in S2 (one major devision of O {5
motion feedthrough) § B
e . . = 10
 Tilting in X-y covered by this uncertainty -
51 . : - .
e 52 change from linear interpolation -
N | | | | |

between 1.5 mm and 2.125 mm 0 05 1 15 5 2.5 3
Liquid Level [mm]

-
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Electron Extraction Efficiency

* Extraction efficiency at 10 kV/cm (5.4 kV/cm in LXe) is assumed to be 100 % [4,5]

e \WW-value would only be lower for lower efficiencies
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Plot from Ref. [8]

] l I 1 ] | ! 1 1
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Electric Field - liquid (kV/cm)
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[7] B. N. V. Edwards et al. JINST 13, no. 1, PO1005 (2018)
18] J. Xu et al., Phys. Rev. D 99, no. 10, 103024 (2019)

Kevin Thieme LBNL INPA Seminar (online), 8th October 2021 34


https://doi.org/10.1088/1748-0221/13/01/P01005
https://doi.org/10.1103/PhysRevD.99.103024

/ W for three points a, b, c Iin
S1-S2 space and express top by

bottom contributions (ys for S2s and
ys for S1s):

= v and y depend on geometry,
reflections, ... that influence the top/
bottom light collection

= 7S are photosensor efficiencies and

expected to be energy and time
independent for unchanged
thermodynamical conditions

= W is insensitive to overall time-
constant, and energy- and sensor-

independent factor ¢ in g1, g2, S1,
S2 like ADC-to-PE

= Buty vy, # v, # 7. (samefor™) ->
1s do have an impact!

¢ - S2b. - (Mpmr + NsipmYe)

S2b,, S2b

b
- —E, IPMT +1SipMYa) = ¢ -~ ~UIPMT + 1SiPMY D)

S1b S1b

b _ N
b —F, UIPMT +1SiPM7p) ~ ¢ g “IPMT + 1siPMTa)

Energy Lightyield fraction [%]

[keV] Top SiPMs / Bottom PMT Top SiPMs / Bottom PMT

se —/ —
2.82 10—11/89—-90
9.41 7 /93
32.15 7—8/92—93
41.56 7—8/92—93

Charge vyield fraction [%]

25—27/73—75

20—21/79—80 .-

- ¢ - S1b - (Mpmt + Nsipm?) + @ - S2b - (pvT + HsipmY)

From low-
discrete
PE in the

top

From

- _I splitting

29—30/70—71
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Photosensor Gain

3.2 - SiPM Gain Stability
3.2—
e PMT: (3.76 + 0.06) x 106 B
'S 3.5
+ SIPM:(312£0.01) x 108 T - ¢ ¢
S a4l o '
« |]o assumed as variation in 8 3.1
time 3.05—
3— 1/ /] | |

| | | | | | |
09 01//08 30 23 14 07 29 21 12 04 27 18
Jan Feb Apr Apr May Jun Jul Jul Aug Sep Oct Oct Nov

Date
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Photon Detection Efficiency

+ VUV-4 SiPM @175-178 nm

* PDE =24 % (Hamamatsu Photonics)

R6041-06 MOD Spectral Response Chracteristics

40 Jan. 2008
° PDE — 9'9_1 7'6 % at 3'3_3'8 V OV (n EXO This information is furnished for your
information only. , T
Created By farindhing T TR
[9-10]) -> we have >4V OV — ™
= 1/ AN
e 2-inch PMT: § - / \
dum
= | .
e QE =30 % (Hamamatsu Photonics) E / N
5 10 / L
c QE=28 % [1 1] /
0
» CE =~70 % (Hamamatsu Photonics) > " Wavelongth [m]
HAMAMATSU
° -> PDE=196_21 % PHOTON IS OUR BUSINESS
9] G. Galina et al., Nucl. Instrum. Meth. A 940, 371-379 (2019)
« Very similar, max. percent-level difference 10] P. Nakarmi et al., JINST 15 P0O1019 (2020}
11] L. Arazi et al., JINST 8 C12004 (2013)
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 GXe scintillates in the IR at ~1300 nm
with VUV-comparible yield [13-14]
 LXe IR very poor light yield mostly
below 1200 nm [12-13]
 ->0Only S2 can contain significant IR
radiation
 VUV-4 SiPM:
* Silicon band gap sets cutoff at
~1100 nm
e 2-inch PMT:
* |nsensitive beyond 1000 nm
 -> |R radiation negligible

Vi b

Kevin Thieme

12
13
14

15

0.25 -

0.20 -

0.15 -

o
[
o

Quantum Efficiency

/
!
/
I
|
I
|
|
I
I
I
I
|
|
I
|
|
I
|
!
I
I

0.05 -
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0.00 4 —=- TPB re-emission spectral density \

Plot from Ref. [15] |
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G. Bressi et al., Nucl. Instrum. Methods Phys. Res A 440 254-257 (2000)
G. Bressi et al., Nucl. Instrum. Methods Phys. Res A 461 378-380 (2001)
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Spectral Density [nm

S.Belogurov et al., Nucl. Instrum. Methods Phys. Res A 452 167-169 (2000)

J. Schrott et al., arXiv:2108.08239 (2021)
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/7000
- — 45
6000 [ 40
« Systematic variation of fitting 5000 - |35
interval for 2.82 keV population . B
L4000 [— %
» AS] =i_8é PE o ~ =
/3000 [— O
= AS52 :igO PE - . ési
2000 [ SSAE VNN
(not DPE/crosstalk-scaled) - T
1000 [—
E — 1, 2, 3 ¢ ellipses

I | | | I I | | I | I | I | | I | I | | | I | | | 0
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Bottom-PMT Only

1400 — o °Ar,2.82keV
> i m TKr, 41.56 keV
e Check consistency using PMT-only information £ 1200
 Doke-plot is shallower due to greater S1- and lower g 1000;_
S2-yield in the liquid g 8001
o Splitting error is more pronounced -> use 41.56 keV 2 600;_
line (but does not change slope anyways) 400 gt = 2161284
« Why’s that? -> AFT cut incorporated for Ar- & Kr-lines! 200, S15|b o yiéld - jV] 8 o
* SE population has very low AFT-fractions (single 0'7§ " Area-Fraction-Top Cut on SE |
photon regime) -> higher PMT charge yield 0.6 ot i e B
- — 10°
 AFT cut has bad acceptance for SE 0'55 -
. % 0.4 :— ..g
o C.an generate any PMT-based g2 & W by applying I 03
different AFT cuts to SE but total g2 & W always stay -
constant! 2E
0.1
0O 10 20 30 40 50 60 70 80 90 100

S2b [PE]

Kevin Thieme LBNL INPA Seminar (online), 8th October 2021



