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2011: “Direct detection strategies are 
proposed for sub-GeV mass”   
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1108.5383 Essig, Mardon, Volansky

● Sensitivity from xenon 
targets has not 
improved

● Small problem: delayed 
electron background 
(“electron trains”)

Plot from Essig talk (Monday)
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“electron/photon trains”: power law noise
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electrons

2004.07791, J. Xu for LUX
See also: 2112.12116, XENON1T
See also: Westerdale talk, yesterday

photons
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Our hypothesis: delayed photon noise 
causes delayed electron noise

1. drifting electrons trapped 
on impurities in Xe

2. trapped electrons released 
by photoionization from 
delayed photons
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LBL test bed and data
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More work from this test stand:
• Solid Xe TPC (crystaLiZe): 2312.15082, 2201.05740
• H/He-doping Xe (HydroX): 2308.02430
• SiPM G3 R&D: 2309.07913
• See talk from S. Kravitz

single e-

single 𝛄
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Delayed noise in cascading windows
Trigger     0.5 ms        1.0 ms    5.0 ms

S1
S2

single 
electron
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single 
photons
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Impurities affect electron noise, not 
photon noise
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Photon signal

Known from previous work e.g. LUX, Darkside

Electron signal
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LED 235 nm photons release captured 
electrons
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surprise!

Photon signal Electron signal
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Delayed photons cause electron trains

So… 

what causes delayed photon noise??
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PTFE is not the problem (uh-oh*)
Swap PTFE for aluminum
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∝t-1.3

*problem is either 
Xe or photosensor

(S1 only, no S2, E=0)
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Delayed photons, two different 
photosensors
Trigger source: 
alpha S1 from 
xenon scintillation

Different power 
laws for each 
sensor:

(λphotons) ⊗ (λresponse)
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data points elevated 
due to PMT afterpulse
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Delayed photons, no xenon
Trigger source: BG 
Cherenkov scintillation 
(broad UV spectrum) in 
the PMT quartz window
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Summary: photon background
● UV photons (signal) catalyze 

fluorescence photons from photosensor 
windows (→ background)
○ Until now, an “unknown known”

● A significant problem in its own right, 
responsible for accidental coincidence 
(AC) background in the leading liquid 
xenon search experiments
○ cf. talks from PandaX, XENONnT, LZ 

(Wednesday)
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source

Why This Radioactive Uranium Glass Glows Bright Green



Peter Sorensen | LBL UCLA Dark Matter 2025    / 15

Future
● Can not yet rule out a fluorescence component from xenon

○ Testing windowless silicon sensors now

● Future experiments e.g. XLZD needs photosensors without 
windows!
○ Or maybe, different/optimized windows
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Outlook: no delayed electrons
● No fluorescence photons → no 

delayed electron backgrounds
● We have isolated the cause and are 

exploring mitigation strategies
○ See also talk from J. Xu on other avenues to 

reduce e-trains  

● Freeze-in region (5 MeV – 
2 GeV) within reach of a 
fluorescence-free 10 kg 
xenon TPC

arXiv:2312.13342

XENON10
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Extra slides follow
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   Xe alpha events – afterpulse 
alters PMT behavior for ~100 us
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zoom

afterpulses
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Cherenkov signals
Typical high-tail of 
trigger events, 
about 300 phd

Incredibly fast 
compared to Xe 
scintillation

Afterpulse largely 
absent (and can cut 
events with AP)
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Our measurements of PTFE fluorescence
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1/t
Electronics 
reset
window

300 K, in vacuum, SiPM sensor
● Power law fluorescence turns 

out to be fairly generic

ACS Nano 2020, 14, 14939

1/t

Turned out to be fluorescence from LED bulbs

-aside-
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Dark counts and sensitivity
expected dark rates:

● PMT <100 Hz for R11410 Lyashenko 
2013

● PMT 40 Hz for R11410 Baudis et al 
2013

● SiPM 29 Hz/channel Baudis et al 2018
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Cherenkov calcs (assume 1 MeV beta)
Range in glass from estar: (0.5219 g/cm**2) / (2.8 g/cm**3) ~ 0.18 cm

dN/dx = (1/160e-7-1/600e-7)*2*3.14/137*10**2*np.sin(θ/180)**2 = 5000–15000 photons/cm (very roughly, and ballparking z=10)

recall cos(θ) = 1/nβ so θ 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 ½ and the QE is about ⅓… 333 photons detected

21



Peter Sorensen | LBL UCLA Dark Matter 2025    / 15

2012: First search for sub-GeV dark 
matter (XENON10)
● Potential signal is 

obscured by 
background

● Origin of electron 
trains has remained 
elusive!

○ cf. Westerdale talk yesterday

1104.3088, Sorensen for XENON10
1206.2644, Essig, Manalaysay, Mardon, Sorensen, Volansky
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Darkside 50 delayed electron noise
source
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