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Based on LZ papers
WIMP search: 2410.17036
Recombination: 2503.05679
Flow-tag: in preparation
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Controlled 
flow-division 
between skin 

and TPC

Well-controlled LXe 
temperature

Liquid xenon flow control



- High mixing state
- inverted temperature gradient
- turbulent
- desired for calibration injections

- Low mixing state
- normal temperature gradient
- low activity at center, circular flow
- desired for WIMP search

Flow patterns 
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LZ Preliminary 
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222Rn–218Po sequence provides flow vectors

222Rn and 218Po alpha decay 

- 5.6 MeV and 6.1 MeV peaks 
- 3.1 min apart (218Po half-life)

Rn-Po pairs track flow velocity

- O(0.1) mm/s neutral 218Po atom (low-mixing)
- “Streamline” prediction of 214Pb motion

- Dominant background

Also see Phys. Rev. D 110 012011 (2024) - 
XENON Collaboration



Tagging window: streamline + width 

218Po → 214Pb → 214Bi → 214Po
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214Pb tagging windows

~50% chance of charged progeny

- separate ion-drift streamline 

width obtained by comparing 
flow-prediction & observation

characteristic β+α



Tagged 214Pb spectrum

Difference between …

- tagged single scatters
- data-driven accidentals spectrum 

from time-shifted tag

… gives

Accidentals-subtracted 214Pb 
spectrum

- 1018 keV Q-value of 214Pb β-decay
- shoulders of γ/IC-emitting states
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LZ Preliminary 
Taggable SS

Tagged

Time-shifted tagged



Flow-tag in 2024 WIMP search
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- 60 ± 4 % of 214Pb in 15% exposure
- consistent with β background

- excessive ER leakage

See LZ status talk 
by Dan Kodroff

UntaggedTagged
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- 60 ± 4 % of 214Pb in 15% exposure
- consistent with β background

- excessive ER leakage
- double-electron-capture of 124Xe
- yields floated in WIMP analysis

Untagged

Flow-tag in 2024 WIMP search See LZ status talk 
by Dan Kodroff

Tagged

Qy
LL = (0.70 ± 0.04) Qy

β



Calculations from Niţescu, et. al. J. 
Phys. G: Nucl. Part. Phys. 51 125103

124Xe: rarest measured decay
- Double-electron-capture half-life 1022 yr (to 124Te G.S.)

- XENON1T: Nature 568, no. 7753 (2019): 532-535
- LZ: J. Phys. G 52 (2025) 1, 015103
- PandaX: 2411.14355

- ~5 kg in fiducial volume (0.1% nat. abund.)
- ~20 events in WIMP search region (4.2 tonne-years)
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LLLM
WIMP search 

region

Half-life 
measurements

XENON1T, Nature 568, no. 
7753 (2019): 532-535.Z¸



Ionization density impacts 
signal production  

3He

5.2 keV 

e–
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- Tritium beta decay
- low ionization density
- main ER calibration in LZ

- 127Xe electron capture
- high ionization density
- 2022 WIMP background

O(1000) higher volumetric ionization density
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Ionization density impacts 
signal production  

3He

5.2 keV 

e–
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XELDA clearly suggests additional 
electron-ion recombination in 127Xe EC

127Xe EC 5.2 keV β

Temples, et. al 
Phys. Rev. D 104 (2021) 11, 112001
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LZ measurements of single electron capture

Two strategies

Multiple scatter (left)
- γ resolved separately
- events in bulk, high stats
- charge-only

Single scatter (right)
- γ is tagged in Skin
- events near the wall, low stats
- S1–S2 measurement

MS SS

LZ Collaboration: 
2503.05679
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5.2 keV 
127Xe L-shell

5.2 keV β

L-shell recombination 
enhancement

- L-shell charge yield is ~88% of β

- MS and SS L-shells consistent 

- Skew explained by 9% Β.R. X-ray 
forming separate recombination site

LZ Collaboration: 
2503.05679

193 V/cm

97 V/cm



 124Xe LL recombination modeling

Link between charge yield and ionization 
density

- Thomas-Imel: Phys. Rev. A. 1987; 36(2): 614

10 keV LL has twice ionization density of L

- same Auger electron range
- twice number of ions

T-I box calculation: Qy
LL = (0.75 ± 0.04) Qy

β

Inferred from WS:  Qy
LL = (0.70 ± 0.04) Qy

β

Also see cross-track recombination model from Xu et. 
al. 2503.07562
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LZ Collaboration 
2503.05679

WS2024 
β-model

LL prior

L-shell 
TIB model 



- small impact on LZ projected limits
- small overlap between WIMPs and LL
- larger impacts to EFT

- major impact to goodness-of-fit

DEC impacts on WIMP searches
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Mock data (LL model) and 
background model (no LL model)



- Flow tag separates out 60% of dominant 214Pb background
- small impact on WIMP sensitivity → discrimination is really good!
- provides WIMP-synchronous sideband → checks on ER modeling

- 124Xe DEC has suppressed charge → significant background in WIMP searches
- minimal impact on LZ 1000d projections

Understanding these processes is crucial for future searches

Related to microphysics and ER/NR discrimination:

- Chen Ding’s talk on LZ Migdal search
- See Yufan Qie’s poster on LZ pulse shape discrimination 

Conclusion
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Lower charge yield than 
β-decays →  recombination 
enhancement

- Cosmogenically 
activated 127Xe in 
WS2022 (plot)

- In WS2024, used 
neutron-activated 125Xe
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Skin-tagged 127Xe L-shell EC

Events kept for L-shell analysis

Outside selection



EC measurement summary
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Multiple scatter
Single scatter

Summary plot



Failing goodness of fits
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Failing goodness-of-fit when 
DEC isn’t modeled



LZ S2 spectra
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