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THE LUX-ZEPLIN EXPERIMENT
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100x more sensitive
than LUX

(6.3 £ 0.5) x 10°°
events/keVee/kg/day
(60x lower background
rate than LUX)
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HE LZ ELECTRIC FIELDS PACKAGE

¢ °
®

Cathode, Anode,
Diffusion (yes or no)? <N
"‘ZEF
Temperature b

Gate, PMT Voltages
Boundary definition
Geometry/ Sampling
Points

Drift velocity




Cathode, Anode,
Gate, PMT Voltages

Diffusion (yes or no)? \ ’iﬂ- Map

Temperature

Wall Attachment

Boundary definition

Geometry/ Sampling
Points

Drift velocity




Cathode, Anode,
Gate, PMT Voltages

Diffusion (yes or no)? | ’iﬂ- Map

Temperature

Wall Attachment

oIlvdad I'IVI\.

Boundary definition

¢cN

Geometry/ Sampling
Points

Field
Variation

Drift velocity

S DEY 2024



Interpolate fields
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Field Map
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Field Map
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in GMSH

Towards more € Region of greater
parallel field lines irregularity

3 Delaunay Triangulation
in QHULL: Re-Meshing
= Points are sampled from along ¢
field lines/ drift trajectories 3
3
m If field is very different to the 1
mean field then tighter meshing 3 11
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Field Map

New Charge Profile Sim Histogram
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MORE MODEL DETAILS
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MORE MODEL DETAILS
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Modelled with deflection
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Select cathode and gate alpha populations:
m Point-like interactions
m Gate: S2 pulses minimally affected due to diffusion

= Non-trivial relationship - Field-Drift Velocity relationship for LXe
between and drift
velocity in LXe -~
- New Parameterisation
m Can see slight deviation AR L m——— S —— NESTv2.4.0
from (blue line & T — o < 172023
band £ o *  XENONNT 2022
and) ey Deviation from Data + XENONIT 2018
= ¢ LUX2014
= New parameterisation 2.6% HEXE 2022
was used in LZEF to 05 1 0,785
improve data-sims max 78%
drift time match 0.0 : . , ,

E (V/cm)
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THE WALL
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m S-shape of wall in S2-reconstructed space due to field inhomogeneities, ICV

shape & diffusion

= Field map informs the translation between S2 r & physical r via the drift map
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‘ATA-SI MS COMPARISON

‘ ‘ Can simulate wall position & compare with data

Reconstisd Bosition = Calculation: Radial distribution half ma
10° off = wall radius for any drift time bin
Data wall
No Charge Wall o opo o .
| No significant time evolution observed

months in data, we can try and replicate in si

] Do the wall boundary match for simulatio
10! data? NOT YET! What are we missing?

z [mm]

Wall Boundary Calculation

Wall Position Evolution in 2023

400

350 1

3004
250

£ 200

150

10°

100

50

0
3000

3500 4000
R? [cm?]

S DEY 2024

z[mm]

1400

1200

1000

Jul

Nov

R?[cm?]




‘:“TFE CHARGE ACCUMULATION

m Electrons attracted to PTFE, wall charging? ...

0.002

= Apply charge density on rings in drift time slices on the PTFE 7
walls YO
= Minimise residual of sims vs data wall boundary calculation

—0.002

N° wa" Charge wa" Charge Distribution 0 200 400 sooz[mms;oo 1000 1200

Applied Charge Density to z-panels
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“TFE CHARGE ACCUMULATION

O Agreement between the simulated and observed data wall positions!
= Field map shows variation of field with r (negligible < 1%) & z (~18%)
m : The probability that an electron generated a
a certain point in r,z gets “lost” to the wall (i.e. doesn’t make it up to the ER)
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“‘"‘KR COMPARISON

Recombination is E field dependent:

= Field dep. kicks in for ERs > 10 keV
o (low recombination)

= In Kr83m, two decay modes
o 32.1 keV (S1a) Field-dep.
o 9.4 keV (51b) ~Field-indep.

With a weaker field — more recombination
m Slis enhanced
= So S2is suppressed

m  8MKp. should increase with
o Ratio means S1 systematics
“cancels”

Cross-check simulations to data

Can see similar trend in field variatio
with r,z but what about the

83mKr-Derived Field Variation
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Field shaping rings —
= Potential wells forming trapping electro
= Pure geometric effect

With charge on PTFE, wells enhanced
Also charge loss from events near wall
= Pb-206, U-238, Th-232, Co-60 on wall
= Rn and Xe daughters near wall




