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“electron/photon trains’: power law noise
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Log scale / longer time window

Figure from Tyler Anderson
thesis
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Figure 5.19: Photon rates following progenitor pulses.
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The photon rate is shown in blue with
the corresponding y-axis on the left, while areas of progenitor pulses are shown in red with the
corresponding y-axis on the right. Shaded regions are those which are excluded by the e/ph-train
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PHYSICAL REVIEW LETTERS 130, 021802 (2023)

Where is the

iti Search for Solar B Neutrinos in the PandaX-4T Experiment
traditional scatter : Using Neutrino-Nucleus Coherent Scattering

Nne S2range (PE) BDT AC Total prediction 5B Observation
the STv 52 ROI . ew m e en m o os
plane?  Prediction % i _o» oo om

) | 8
(we must assume & 100 - ]fCEVNS (x50)
: Z ata .
it looks too g (apologies to
. Q
terrible to show) 3 5o} PandaX — | chopped
2 up their Table | to fit
a it on the slide)
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Aside: what's the bhig deal w observing 8B?

Neutral currents
are not a surprise
(Gargamelle)

The solar neutrino
problem is solved
(SNO)

Coherent neutrino
scattering has
been observed
(COHERENT)

Peter Sorensen | LBL

Cadeddu et al 2023

N N N

Assuming only SM Z°, | tend to think of this process as an amazing 5-6 GeV WIMP
calibration, not something to “discover”
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(unconvinced by the earlier signal-buried-under-AC result, XnT reports a

Does it matter? “first indication” result, still signal-buried-under-AC...)

Where is the : PHYSICAL REVIEW LETTERS 133, 191002 (2024)
;

traditional scatter :
p I Ot Of eve nt S in First Indication of Solar ’;]zalt\t:il;l;ign;):it;ia;{ gongrNe:’} Elastic Neutrino-Nucleus

Hhe STy SD

TABLE 1. The expected and best-fit number of events from

p I an e? signal and background components in the ROIL The uncertainty
: in the expectation accounts for contributions from signal detec-
8B CEvNS I AC Neutron MM ER ¢ Data tion efficiency, L,, and Q,. The unc:najnties of background
expectations correspond to the width of the Gaussian constraints
(We must assum 100 200 300 400 500 in the fit, the B signal is not constrained.
. 20 F ’ : T SRO
It I (o]0 kS 100 } { Component Expectation Best fit
. AC (SR0) 7.5£07 74+0.7
terrible to show) 10 AC (SR1) 178+ 1.0 179+ 1.0
ER 0.7+0.7 059!
Neutron 0_5j8_-32 05403
100 200 300 400 500 Total background 26,4j11_-§* 263+14
cS2 [PE] '8 119143 1071
Observed 37
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We can only
imagine!
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https://xkcd.com/2048/

‘ CURVE-FITTING METHODS
PND THE MESSAGES THEY SEND

.’_.,'_,_.'}r"""
"USTEN, SCENCE IS HARD, T HAVE A THEORY,
BUT IM A SERIOUS AND THIS 15 THE ONLY
PERSON DOING MY BEST" DATA T COULD FIND?
AD-HOC . HOUVSE OF .
FILTER . CARDS ..

“T HAD AN IDEA FOR HOU “AS YOU CPN SEE, THIS
T0 CLEAN UP THE DATA. MODEL SMOOTHLY FiTS

WHAT DO YOU THINK?" THE- LAIT MOMO DON'T
EXTEND IT APABAA!"
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How might the 8B signal S1 v S2 plot look?
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How might the 8B signal S1 v S2 plot look?

[188YBe Data (1.26mHz) .
88y_PVC Data (0.19mHz) | arxivi2412.10451
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FIG. 6. The distribution of 8 YBe events in the cS1-cS2 pa-
rameter space is presented as blue scatter points. The light
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Finale of this thought experiment: Imagine!

.........................................................................................................................................................

| can’t PHYSICAL REVIEW LETTERS 133, 191002 (2024)
. Editors' Suggestion Featured in Physics
We know the 8B First Indication of 6 GeV Asymmetric Dark Matter
. . Scattering with XENONnT

But accidental
coincidence (AC)
backgrounds are
swamping any
credible claim of
new physics
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What is causing the AG background?

And can we get rid of it?
More technically, what is causing the excessive photon rate following S1...527

Teflon fluorescence has been a prime suspect since at least 2017 (PS and K
Kamdin, JINST)
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LBL test bed and data

' single e-

single vy

More work from this test stand:
L ! . Solid Xe TPC (crystaLiZe): 231215082, 2201.05740

36 38 « H/He-doping Xe (HydroX): 2308.02430
. SiPM G3 R&D: 2309.07913

See talk from S. Kravitz
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2024 measurements used S1..S2 (TPC)

Typical data with a cascade trigger on O(100) keV Compton scatters

Trigger 0.5 ms 1.0 ms 5.0ms
- single
Aoy electron
200; S2 P
S L J SNV IEN I U PO T WA | PR j RPN VOO, U PP P ]
100 “ | I‘ I m m Al ‘““ “““ mml l ‘WW 'i _ m‘
| e ‘
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Forget about the delayed electrons

If only studying the delayed photon noise,
can use Xe alpha S1-only events (easier, no electric fields)

mV
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PTEE is not the problem (uh-oh*)

Swap PTFE for aluminum

10° 3
1071 3

1072 3

photons / 0.1 ms

10~4 3

(S1only, no S2, E=0)

<% PTFE TPC
<  AITPC
< Al, no electrodes

000

107>
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Delayed photons, two different

photosensors

Trigger source:
alpha S1from
xenon scintillation

Different power
laws for each
Sensor:

(?\photons) v ()\response)
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Cherenkov signals

Typical high-tail of
trigger events,

about 300 phd '
Incredibly fast - B

=
compared to Xe 40-
scintillation
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Delayed photons,

Trigger source: BG
Cherenkov scintillation
(broad UV spectrum) in
the PMT synthetic silica
window

Peter Sorensen | LBL
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Quartz fluorescence, evidently a well known thing

Plot from Shinetsu,
courtesy of S.
Kazama

Measurement of
wavelength seems
common, we are
the first to
measure the time
profile...
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Fluorescence intensity (arbitrary unit)
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Delayed photons, window/no window

104 5
S i & S13371 SiPM
Trigger source: alpha 51 1 @ Xe scintillation pulse a 4 S13370 SiPM
103 -
from xenon scintillation § . ST
£ 102: AN 0 Al N
Test bed here with optical 3 5 Ty,
- no window
isolation of two regions: g ] S
e with a quartz window A —e R
® Wlth NO quartz 10 _ ...................... PO e 3 :;_,._:..“.
window random photon background TR
10~ 1 : : ;
102 107! 10°
time (ms)

NB: Likely other fluorescent sources hiding below the noise here
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Effect of no window on data rate

dp(t) simulation using Eq

, 10° -
5.5 from Anderson’s LZ | & photon pulse (1,) A Prey,
. . 1 : /A -
Thesis for power law noise | —— dy(t) = aat® ’77//7@f
) [N [— dp(t) — e t/T %
_ — A : A
SN=316 Hz ----F--f--A-mmmmmmmmmmm- .
£ 10° - -
Lo g
SN = ?m [RDCTe—RDcT]N % N
from 2309.07913 Sn=039 Hz ---
104__ ....................................................................................................................................
1000 1200 1400 1600 1800 2000
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Can we see a correlation in PMTs in LZ, XnT?
People have looked, for a correlation between the progenitor signal in the PMTs,
and the magnitude of the delayed noise.

Reports are: no correlation.

| suspect this is due to the power law nature of the signal/fluorescence (every event
is always on the tail of the previous event)

So the correlation is washed out

Careful event selection, | suspect, could tease out a correlation
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Quartz fluorescence causes delayed photon noise

My hypothesis:

delayed photon noise causes delayed electron noise
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2012: First search for sub-GeV dark

matter (XENON10)

e Potential signal is
obscured by few e-
background

e Origin of electron
trains has remained
elusive!

100

Counts / 0.1 electrons

Efficiency
o
(9.}
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10

s Best fit
- - - Allowed at 90% upper limit
o Raw spectrum

double
electron

Effic. crosses 5%

1104.3088, Sorensen for XENON10
1206.2644, Essig, Manalaysay, Mardon, Sorensen, Volansky -

0.5 1 1.5 2 2.5 3 35 4
Ionization Signal [electrons]
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2024 measurements used S1..S2 (TPC)

Same measurements as on slide 12, but also showing

Trigger 0.5 ms 1.0 ms 5.0 ms

500 | 5 I 5 5
single
4 44 4
400 1 electron
3 34 34
300 1
2 z 21 z 21 z 21
200 S2 P
S/ L 14 MWttt 1 QEON VORISR, U WISV A e
‘ 01 0+ 0+
1l i
—
A !
01 S : - = [ T . . . . [ . . : . B : . . . .
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
us us Hs us

single photons
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Impurities affect electron noise, not
photon noise

Photon signal

Elect

Known from previous work e.g. LUX, Darkside

ron signal

100 o & Run (& (least clean xenon) X 100 o & Run C (Ieast clean xenon) X
" . . s Run B (less clean xenon) N . . s Run B (less clean xenon)
£ Progenitor window ® Run A (clean xenon) £ Progenitor window ® Run A (clean xenon)
— —
o 1072 X . o 1072 .
a | T s
C [ | e C [ e
3 L 3 e TAAL
S T 1 S 1074 o A x =05 -
8 et 8 g F | T
: T :
ey Y Trag -1
S 10—6_ 4 5 10—6_ .‘\\\ ~ \Of\t\
=4 =4 i
(power laws not a fit) (power laws not a fit) « =15
T T N S L T % T T N N L T %
Time [ms] Time [ms]
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LED 235 nm photons release captured
electrons

Photon signal

Electron signal

4 Particle only 4 Particle only

0 J oL J
" 18] v 4 Particle + LED " 18] % 4 Particle + LED
E 10-1LProgenitor windO\;\;\\\ ¥ LEDwonly ] E 10-1LProgenitor window ¥ LEDwonly ]
o_ E - ‘\‘ - E| o_ E . 3
~ \\\ \\‘\ i ~ !
-E’l 10_25' \\\ \V‘ E E 10—2_ Su rprlse
[ \ S R 3 C
> | “\ TRag b 3
8 -3 \\‘~ \\‘\ \\\ ] 8 T -
- 107 L i e 3 - 107% T T S 3
g AL el 1 T Sy ST
© 10-4L T e ©10-4L T A T i
g 10 Sy | e ] g 10 T,
o N T ¥ ¥ o Wisciliweoo oo by
= 10_5_' \\\gc t-1 3 - 10—5:_ " Z

(power laws not a fit) - (power laws not a fit) ]
—6 Ll Ll Ll Ll L ......\ -6 MR | Ll Ll MR | L
Bigr= 102 1071 109 107 102 Pig= 1072 1071 109 107 102
Time [ms] Time [ms]
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Stay tuned

1072 e
Can we observe absence of delayed 1072k

. . 107
electron noise measured with 10-31,

windowless SiPM sensors? 18:2‘

10734

Would lead almost immediately to 10735,
10—36;

1038 cm? sensitivity in a new, 10 kg .

fluorescence de-optimized TPC 10738} :
107 "
st SENSEl le™ A |
10_42 * Fpm=(am,/q)* 7

10—43:”,‘.| T T B B
10° 10! 102 103 10*

m, [MeV]

o, [cm?]
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Summary

UV photons in liquid xenon TPCs (the signal) catalyze fluorescence photons

from photosensor windows (» background)

Leads to excess accidental coincidence (AC) background at threshold (n==2,
n==3) in the leading liquid xenon search experiments

e The proposed XLZD experiment needs to optimize (or remove) the PMT
windows

Photon noise
[}

e Partially confirmed hypothesis: these fluorescence photons cause the

delayed electron noise
If true, could have a very sensitive dark sector search with a new 10 kg liquid

xenon TPC

electron noise
[ ]
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Extra slides follow
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Cherenkov calcs (assume 1 MeV heta)

Range in glass from estar: (0.5219 g/cm**2) /(2.8 g/cm**3) ¥ 018 cm

dN aw o d 2N h dA 1 1
_V=f dA—2L =2n7’asin’ © f ——2nz2asm2®c ———
dx M dxdA A,
d N/dX = (1/160e-7-1/600e-7)*2*3.14/137*10**2*np.sin(e/180)**2 =5000-15000 photons/cm (very roughly, and ballparking z=10)

recall cos(B) =1/nf3 so O is in the range 30-50 degrees depending on beta energy

Take 10000 photons/cm as an rough median, so 2000 photons for ranging out a 1 MeV
beta

Geometric light collection is at most V2 and the QE is about '4... 333 photons detected

Peter Sorensen | LBL LCTP Workshop May 5 2025 30/28
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Dark counts and sensitivity

expected dark rates:
° PMT <100 Hz for R11410 Lyashenko

2013 - ‘
e  PMT 40 Hz for R11410 Baudis et al 35 | | —@— 513370 PDE
2013 -4 R8520-406 QE
° SiPM 29 Hz/channel Baudis et al 2018 30 4 *. - | ]
25 4 L
<204
=
2 15 -
#
104 al
54
[ — ! - 5;.!:::-...**7. 7‘ 1
1 | | [ | |
200 300 400 500 600 700 800 900
wavelength (nm)
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2024 measurements of PTFE fluorescence

Turned out to be fluorescence from LED bulbs

102

.

Electronics
10-3 | reset
window

AVoltage

1074 |

1075 |

102
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300 K, in vacuum, SiPM sensor

103
Time [us]

— 235 nm ]
~—— 545 nm ]
—— 850 Nnm 1

10%
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e Power law fluorescence turns
out to be fairly generic

ACS Nano 2020, 14, 14939
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