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Introducing Crystal Xenon (CXe)

Preliminary studies @LBNL (700g)
UT Austin studies (8 -30kg)

Future prospects & conclusions
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Located 4850ft under
Sanford Underground
Research Facility (SURF)

LUX-ZEPLIN (LZ)

A Direct dark matter detection
experiment

1.7t GALS in outer
detector, for rejecting
external backgrounds

Ot LXe Dual Phase Time

6t water tank , for -
Projection Chamber (TPC)

shielding from external
backgrounds



https://arxiv.org/abs/1703.09144

Liquid Noble TPCs

PMT Hitmap Infers (X,y)
Reconstruct position
Energy/Particle
Type
from Pulse Size

Drift Time (z)

Pulse timing Infers

(z) position Particle interaction with Xe

produces immediate scintillation
(S1) and delayed ionization (S2)
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The Rn Problem
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https://arxiv.org/abs/2410.17036

The Rn PrObIem Source Counts
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https://arxiv.org/abs/2410.17036

The Rn Problem
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https://arxiv.org/abs/2303.14729
https://arxiv.org/abs/2408.00664
https://arxiv.org/abs/2410.17036
https://arxiv.org/abs/2410.17137
https://arxiv.org/abs/2411.14206

The Rn Problem

How do we reduce our Rn levels?

A Just purify the Xe better - [2009.06069] , [2502.04209]

| Best current methods reduce Rn 2  -4x at 1tonne/day
| At 100% efficiency, would need to  purify all detector Xe in less then 3.8d Rn half life
| Would need to scale up by factor 10 effectiveness, and factor 10 flow rate for XLZD

A Tag Rn events during operation - [2508.19117] , [1506.02562]
| 6 G A [ e6éG €4a $aEB3ybstat yksysPeentexabesddarbeta ¢4 ReRpl Ox| AL é&
| Still has its limits

A Isolate TPC from surroundings - [2209.00362v1]
| 666G uéeuxulLAE A | Al éaAGéca a4 eéexWxeAu AxGgcOeée ijeuu I x é:
A Stop Rn from entering in the first place...
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https://arxiv.org/abs/2009.06069
https://arxiv.org/abs/2502.04209
https://arxiv.org/abs/2508.19117
https://arxiv.org/abs/1506.02562
https://arxiv.org/abs/2209.00362v1

The CXe TPC

A LXe TPC allows Rn flow during operation...

... But a frozen Crystal Xenon ( CXe) TPC
can exclude Rn from the bulk

CPAD 2025, University of Pennsylvania,
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The CXe TPC Y e

[1802.06039]

I I I I [ | Requires studies of Rn
10° _ diffusion to verify
¥ *0Pb (LZ)" - -
ke | ARnN surface emanation is
o 10— il excluded from bulk
> 1 ARnin system decays away in
7R 1 ©100) days
)
'S A Internal decays now stay at
+ 1072
&J same (X,y,z) as parent,

allowing for easier tagging
A Subdominant to neutrino

10-3 backgrounds
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https://arxiv.org/abs/1802.06039
https://arxiv.org/abs/2312.15082

ACCIdentaIS Requires studies

at UT to verify

Not just Rn - accidentals are likely also 1.0

mitigated ina CXe TPC. | i i Crystal
A GeAe Aeéex eGeuu AN hp0g |1 ; i Hiquid
G é A »x féwer accidentals 3Ny i i
A Improved electron extraction % 0'6:— { i i
xaaelexallQ A weijxeSxk L A5
a x x O x llowehrate of spurious LS i i
electron emission =do] ! ol i
A+ xGGxé xkKkGeéeA|l Géeca xaae ~ U LT i

xlixi Géea GéeAEEéaa AGOaae ‘é‘ééGx‘eaé:HETx N5
Smaller electron -trains? [2312.15082] Drift Time (us)

A Equivalent diffusion coefficient
*See Backup Slides
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The CXe TPC

No Rn Emanation

Improved e - extraction*

2x Accidentals Mitigation? —
|
. . N

Increased fiducial mass and L
volume -

*See Backup Slides
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CrystaLiZe @ LBNL
g~Ccij Aée Oé A -Limiteld G¢
Dark Matter Search with 8 =
elecAlueax uxac AR/
-LBNL Group, 2023, [2312.15082]

A 700g CXe TPC, 7x11cm
A 8 Hamamatsu VUV4 S13371 SiPMs
A Two key design differences from
standard ICV/TPCs:
I

~

__|Coldhead :

RTD

Heater

Ty

Heat sink

Coldhead Is attached to copper
clamps at top and bottom of ICV
Heaters are also attached to
these locations

?f T braids

_SIPM

= \\-
%nmm\mﬁpeaqpmg\'

[2201.05740

uo 1T

CPAD 2025, University of Pennsylvania,
October 7th, 2025


https://arxiv.org/abs/2312.15082
https://arxiv.org/abs/2201.05740

CrystaLiZe @ LBNL

How do we freeze transparently?

A Utilizing Bridgeman method w/ constant gradient ~1K/cm
A Cool bottom of system to Xe triple point of 161.5K
A Gradually lower heater power to freeze system while maintaining gradient
. [1508.05897]
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https://arxiv.org/abs/1508.05897

CrystaLiZe @ LBNL

How do we measure transparency?
A Use single photons as gain calibration
AN xAédhéx OU, ¢ échel x
A Result: comparable S1s and S2s
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UT Austin Studies
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UT Austin Studies

CAa ijjx &1 Aux GEé f GeéaaxeéK XxGA& &8GAeG ijécGeg
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UT Austin Studies

A Maintain thermal gradient of 15K, cooling bottom of system to ~145K

A Drop heater power while maintaining gradient
A Freezing point can be seen in data and in camera

AN x Aé h e x o GeAdéEAeéexal L ijéGGllRevVgammas | Au é
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https://utexas.box.com/v/CrystaLiZeXeRun2

Current Conclusions

AT AR 2 At least 4x faster than
Time To Freeze 3.5 days* 7.5 days ? prior work
[1508.05897]
LZ With 5 Partitions* 37 days 80 days
Transparency Visibly transparent > 90% VUV transparency (preliminary)
| | | | | | | |
S -el L Xe \ 1 CXe i .
-l a2 These are overestimates!
©5.0F | -+ 1 AThese are our first ever times
- -
=5 \ freezing Xe
Q £.9( . & I = \
E " A Intentionally froze slowly  to
0.0 ™ V'MW iy "rw :{W | _ ensure transparency

0.0 0.5 1.0 1.5 0.0 0.5 1.0 5
Time [us] *See backup slides
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https://arxiv.org/abs/1508.05897

Future Prospects

A What are CXe Rn and e diffusion rates?
AIs CXe compatible with hydrogen doping (for low mass and

spin -dependent searches)?* 2-3 years
A Goal: Build a tonne -scale CXe TPC Future

*See backup slides
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Conclusions

A Current LXe WIMP searches are limited by Rn, which Is very difficult to remove!

A A CXe TPC can lower Rn rates by 500x , with >1.6x fewer accidentals among other
benefits compared to LXe

A UT has demonstrated this technology at 8kg scale for the first time , freezing at 4x
previous best rate and with  >90% VUV transparency

°x CcAINx Gegcx ijjeceuOA& U Aeéaxwahatelsen x
can we test with it? Exploratory suggestions are very welcome!
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https://utexas.box.com/v/CrystalLiZeXeRun?2
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https://utexas.box.com/v/CrystaLiZeXeRun2
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General Lab Progress

~1.5y Into construction.

A Main infrastructure is all ready

A Tested system using Xe and Ar

A High -voltage tests completed in air to
8kV

A Full slow controls monitoring system to
check on temperatures, pressures,
camera images, with early warning
systems in place

CPAD 2025, University of Pennsylvania,
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UT Austin Studies

Preliminary tests using LAr demonstrate the abllity to freeze on this length scale
with transparency to optical photons

s://lutexas.box.com/v/CrystalLiZeArRunl https://utexas.box.com/v/CrystalLiZeArRun?2
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https://utexas.box.com/v/CrystaLiZeArRun1
https://utexas.box.com/v/CrystaLiZeArRun2

UT Austin Studies - 3.5 Day Run

Freezing Days: (2 days + 1.5 for annealing)

com/v/CrystaLiZeXeRunlb

Pi3: 2825/07/18 16 41 88 Focall
i

1
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https://utexas.box.com/v/CrystaLiZeXeRun1b
https://utexas.box.com/v/CrystaLiZeXeRun1a

CXe Meniscus

A A flat CXe surface gives a consistent S2
shape/size

A Freezing process generally forms
a é | x|-&XedGXe boundary causes
temperature of remaining LXe to drop,
| Ahé&é aa -d\é RAaliAR ¢

A Slowing freezing process at last minute
should mitigate this , as seen in most
recent Xe run

A Can be measured using SE pulse shapes
and sizes

Anode \Eﬁf/

Gate
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Single -Phase

A Single -phase detector - operate in
entirely CXe

A No lower bound on temperature

A° x U0&acéi Gtmperatded A
dependence on the longitudinal
diffusion coefficient in xenon
[2303.13963] Z

A Diffusion limits multiple scatter
resolution , essential in multiple
scatter searches like in Ovbb
[2104.13374] ,[2410.19016]

A Proposal: freeze LZ as a very cold
single -phase CXe Ovbb observatory

CPAD 2025, University of Pennsylvania,
October 7th, 2025



https://arxiv.org/abs/2303.13963
https://arxiv.org/abs/2104.13374
https://arxiv.org/abs/2410.19016

Hydrogen Doping

A Hydrogen doping - allows for a xenon
detector to pursue more sensitive low -
mass and spin -dependent results
[2505.13402]

A Technical challenges associated with
hydrogen doping:

| Requires constant flow of hydrogen
and xenon, with two separate flow
paths
| Hydrogen in Xe vapor can quench S2
A Solved by freezing
| Hydrogen is trapped in  CXe

~

| Pure Xe gas can be circulated In

@ CPAD 2025, University of Pennsylvania,
October 7th, 2025


https://arxiv.org/abs/2505.13402

Exciton Analysis

A People working on LXe TPCs are
héxO GEé eALéaa acGex xkl éAxéAa ~céég
IS Incorrect!

A Actually multiple excimer modes:
most common are Self -Trapped
(STE, 7.2eV) and Free Exciton (FE,
8.35eV)

A STE is orders of magnitude more
probable, as Xe atoms are
constrained by jostling of
neighbours... Until you reach CXe

DOI:10.1002/pssh.2221850126
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