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THE LUX-ZEPLIN EXPERIMENT

I 4850 ft below surface 1

n Sanford
Underground
Research Lab, SD, 2

Us ' mil &
{ - oo = Dual Phase Xe
» & 1 , = Quadruple
) | Nested Detector

m 60x lower
background than LUX
= 100x more sensitive

m More details in Amy's great talk on WS 2024 Results!
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For Single Scatters
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m Poisson’s Equation is solved in

LAY
|

2D axisymmetric model is used
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Field Map

2 Fenics

0 20 40 60 80 100

1 Initial MeShing in Towards more parallel Region of greater
GMSH field lines € irregularity
3 Delaunay Triangulation in

QHULL: Re-Meshing |

ghull.org 3

= Points are sampled from along field r

lines/ drift trajectories ~

3

= Iffield is very different to the mean X
field then tighter meshing o 7
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Field Map

Electron bombs from

New Charge Profile Sim Histogram

- each point in modified | | S
mesh — bidirectional . |
% o mapping untila |
boundary is reached i
' produces drift |
CD B jij[r.nl:E;‘” e o o trajeCtOrieS 202307 402 502 602 702 |
R? [cm?]
FeniCS .
Drift Map (S2 |
0 20 40 o 60 80 100
1 Initial Meshlng m Towards more parallel Region of greater
war ore € egi gre
GMSH field lines irregularity
3 Delaunay Triangulation in
QHULL: Re-Meshing J

m Points are sampled from along field
lines/ drift trajectories -

m If field is very different to the mean
field then tighter meshing
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"ELECTRIC FIELDS| VALIDATION 1
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m A model for drift velocity as a N )
function of field is needed to 0 =
ensure faith in position 120
reconstruction Lo
= Quick check: Does the maximum 1410
drift time observed match L 90
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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 between p,T and dri
velocity in LXe

= New parameterisation was used in LZEF to
improve data-sims max drift time match

m Thisis consistent with Cohen-Lekner’s theor
two free mean paths

o Energy transfer A
(structure-independent)

o Momentum transfer A,
(structure-dependent therefore
field-dependent)



—— Sideband charge loss  —— 210Po selection

—— 131mxe percentile —— 83MKr percentile
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m  S-shape of wall in S2-reconstructed space
due to field inhomogeneities, ICV shape &
diffusion

m Field map informs the translation between
S2 r & physical r via the drift map 11
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PTFE CHARGE ACCUMULATION  ...—s

4 No Charge Sim

1200 4 With Charge
' 1000
| Electrons attracted to PTFE, wall ‘charging'? = 00l
£ i
= Apply charge density on rings in drift time slices on the PTFE walls " 6007
= Minimise residual of sims vs data wall boundary calculation 400 1
200 1.
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Z [mm]

m Field map

: The probability that an electron generated at 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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] Effect of variation in position reconstruction for varying E field configurations

shows variation of field with r (negligible < 1%) & z (~18%)
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insensitive
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0.0
- m  PTFE charge build up evident £os
521 = from charge density profiles 210
8 | required for s | # &
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11th Apr-26th Apr 2023
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6th Sep - 21st Sep 2023

== 19th Nov 2023 - 4th Dec 2024

—— 17th Jan - 1st Feb 2024

= 17th Mar - 1st Apr 2024

m  Within WS 2024, there is a
period of time where the wall
appears to

= Average charge density in fact
continues to
= Very localised high-density
region of charge required to
produce the observed wall
position

/
702 71?2 72? 1 4
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'ELECTRIC FIELDS| VALIDATION 3
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Field

Variation

Dispersed calibration sources
can be used to directly extract
field maps too - a more
apples-to-apples comparison,
albeit with caveats

15



Cross-check simulations to data

83MKr Selection

40 . . e e
' 83mKr-Derived Field Variation
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20 .
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m Slis e.nhanced 02 202302 402 502 602 )
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— e e I
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FIELDS FROM Xe131m Xe 131m Selectic.

131mxe Selection
1200

1100

Rn 222 1000

= Rn 222 alphas used to derive ‘
S1 Correction Map

light collection efficiency as a
function of xyz
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Non-Triviz

= LCE-corrected S1 for Xe 131m
reveals field dependence (ERSs)

Xe 131
A

Photon Yield - Fie
Relationship

120

115

110
Energy
105 '%‘ (keV) p
- E m m Sim ¢-Ave. —T]EO(XC) e (8)
95 E
XL (Xe) 3,64-53
% 97.0+0.8 97.8+0.4* 97.3+22 Xeow () B
XKf3 (Xe) 33,562
85 XKBy - (Xe) 33,625
. XK (Xe) 33,881
w FV-Averaged E Field (V/cm) X
Bi (Xe) 34,96 X
XKOz3 (Xe) 34,552

*Using NEST y model
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http://teacher.pas.rochester.edu:8080/pub/Lz/LZAnalysisMeetings/Kr83mFieldMapping_Bramwell.pdf
https://docs.google.com/presentation/d/1lT5Yg-fzht5X2iG1eDIGlmOWCWDWEwF2n0OVE8Dpr3w/edit#slide=id.g2b6b6ca27c3_0_0
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lated and
data-observed wall shapes

simu
position reconstruction due

By considering PTFE's
triboelectric properties, a
close match has been
achieved between the
Improved understanding of
to this!
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