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% The LUX-ZEPLIN Detector

Dual Phase Time Projection Chamber

- Primary scintillation light (S1)

- Secondary scintillation induced from free charge (S2)
- 3D reconstruction allows for fidualisation

- ER/NR discrimination from S1:S2 ratio
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% The LUX-ZEPLIN Detector

Electron Recoil

®— Electron track

Key

. Exciton Xe*

. lon Xe*

. Heat (no signal)
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Calibration Source Deployment Tubes (3 Total)

60,000 gallons of

17T Gd-loaded ultrapure water

liquid scintillator

120 Outer
Detector PMTs \ 494 LXe PMTs
7T Active
LXe Target
2T LXe
Skin Veto

N Neutron Calibration
Conduit (2 total)

-
131 Skin _L—

PMTs
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@ SR1 Overview

\_

[Detector Conditions

Drift field: 193 V/cm

Extraction field: 7.3 kV/cmin gas

>97% if PMTs operational

Liquid temperature (174.1 K)

3.3 t/day Xe purified through hot getter

Dataset

Data taken Dec.2022-May.2023

601 live days

5.5£0.2 tonne fiducial volume

Photon collection efficiency:
g1=0.114+0.2 phd/photon

Charge gain: g2=47.1+1.1 phd/electron

Analysis

ER Calibrations (Tritium)

NR Calibrations (Deuterium-Deuterium)
Backgrounds well modelled in energy
region (see Phys. Rev. D 108,012010)
Unbinned profile likelihood in
|0g10(52c)—51c

Paper: Phys. Rev. Lett. 131,041002
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https://arxiv.org/abs/2211.17120
https://arxiv.org/abs/2207.03764

@ SR1 Dark Matter Search Results
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@ SR1 Dark Matter Search Results
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* Spin Independent and Spin Dependent interactions rely on the assumption of a zero-momentum transfer. But what if there is some
momentum dependency?

* Use an EFT where we treat the WIMP-nucleon elastic scattering as a four-field interaction

Ling=0x Y NTN~

* 4 Galilean, Hermitian invariants quantities which describe the interaction

—

= g -] _ = q
iq,Sy, SNy VU =v+%
* We are then left with 15 operators which contribute to the interaction Lagrangian Line = Z ¢;0;
i
= C1+ iC3§N‘ (q) X 'BJ_) + C4§X'§N
+ iC5§X ’ (EI) X D) + C6(§)(' ‘_j)(szN ’ ‘_j)
=1 = | . -
« Differential Recoil Rate in this case + ¢Syt + ngx v 1095;(' (Syxq)
15 +C10§N-EI) +lc11§X'ﬁ+C12§X'(§N><1—5J—)
R ___ P f f@ S perrsrary ticyy(Sy - 51 (Sy - @) +icys(Sy- 3)(Sy- 9
dEp 32mmimf),., v £ S , LY
+—eis(S D) ((Swx 54 3)

Phys. Rev. C 89, 065501 (2014)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.065501

@ NREFT Operator Signals

Evaluate the scattering amplitude assuming a single operator
dR P c? J‘ © (D)
dEg = 32mmimy Jysv, ..

= Fdv

Differential Rate [/kg/day/keV]

Differential Rate |/kg/day/keV |

1 1
0 10
True Recoil Energy [keV] True Recoil Energy [keV] True Recoil Energy [keV]

m,=1000 GeV/c?
Solid lines: isoscalar
Dashed lines: isovector

Shaded region:

Energy where the
efficiency for the LZ
SR1 WIMP-Search data
is <50%

After all cuts and ROI
selection
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@ NREFT Operator Signals
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@ Lagrangians

Can create an effective Lagrangian from combinations of various operators that themselves code in

Galilean invariant interactions
N _ J—
Le= ) ) di™ 0x N

N=np i

d = operator construct coupling

72

i r9 L, __d 2my _ﬂ(ﬁ_)
WIMP magnetic moment: £;,; — ZmeM01+mM Os . mMO4 Og

WIMP electric dipole moment: £}, — Zmﬂ"oll
M

Phys. Rev. C 89, 065501 (2014)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.065501

@ NREFT Lagrangian Signals
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Differential Rate [/kg/day/keV]

m,=1000 GeV/c?
Solid lines: isoscalar
Dashed lines: isovector

Shaded region:

Energy where the
efficiency for the LZ
SR1 WIMP-Search data
is <50%

After all cuts and ROI
selection
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@ Backgrounds in an extended energy analysis

All backgroundsrelevant to S| WIMP search
Additional backgrounds

* Additional Xe decays
] (124Xe, 133X€, 131mxe, 127Xe)

* Additional ER

* Topologies of more complexinteractions
(eg multiple scatter signal ionization events)

logio(S2e [phd])

logio(S2e [phd])

log10(S2c [phd])
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@ Multiple Scatter Single lonisation Events

A y-X eventis a multiple-scattering y
where at least one vertexisin a region of
incomplete charge collection:

* Reversefield region

* Nearthe TPC walls

Sourcesinclude:
e 238 232Th 60Cqo, 49K from cathode
e 127Xe near detector edges
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Boosted Decision Tree cut trained on
high stats simulations and calibration

data
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Quantitiesused in the classification:

Cluster size (size of the S1 splash on the bottom PMT
array)

Max Peak Area Fraction

Top Bottom Asymmetry
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LZ EFT 0,

NREFT analyses oftenhave differencesin the
choices of normalisations ++++ LUX SI converted +=++ LZ SR1 SI converted —e— LUX WS2014-16: EFT

. . . + XnT SI converted —— PandaX-II 2019: EFT — Observed-PC
- Representation of ISOSpIn - PandaX-4T SI converted ~ —— XENON100 2017: EFT

- Dimensionality of the presented result ; T T T
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107 3 60 Livedays 5
- 5 nne Fiducial
Experiment Basis Limit Type Conversion .
in plot ~ 10-7
. co=z3(cp+en) o« 212 —_— "
Phys Rev.D96.042004 XTOm0% ¢ = F(g, — ) (TXme) Nome -~ )
LUX: co = (cp+¢n) (€l xm2)? 1 E _____ i
Phys Rev.D104.062005 wszora. = (o —ca) ! o 8
16 EFT ) o 10 2 E
. . co=5(cpt+en) 50 512 E\ T, N, et it .
Physics L etters B 792 ls’gng;);-ﬂ- o — E(Ci Loy BlET) (d8) - . ]
_ 1 - .
. LZEFT (This © = %1 ) (ct xm2)®  None
Paper in progress analysis) c1 = 5(ep —cn) 10-9 LN L _
_ 1 - I
Phys. Rev. 1 NRET The ©=3(@ten) N/A I E
ory paper 1= 3(cp —cn) C -
Phys. Rev. Left, 118,021303LUX:  Com- N/A o L g | | i
bined 2017 ST (Gev )20y n 1 1 1 I T N | 3 1 1 I 3 1 1 1
Phys. Rev. Lett. 127, 261807PandaX-4T: ~ N/A o o e 10 10 10
2021 SI (Gl 9
Phys. Rev. Lett. 131, 0410021.7: 2023 SI ~ N/A b agfécﬁtg WIMP Mass [GCV/ C ]

. N N wmnl,
ENONnT: N/A ol oS g
WO% SI

Sam Eriksen 25 Au 12022 1



https://arxiv.org/abs/1705.02614
https://arxiv.org/abs/2102.06998
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@ LZ EFT Operator Preliminary Result
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https://arxiv.org/abs/1705.02614
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https://arxiv.org/abs/1807.01936

@ Benefit from an increased energy window
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Differential recoils used updated
GCN5082 ground state to
ground state one-body density
matrices

These have significantimpacts

on some operators

0, differential rate has
decreased significantly

044 has the opposite behaviour
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@ LZ EFT Preliminary Results
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https://arxiv.org/abs/1807.01936

@ Summary

- Initial science run of LZ has placed stringent limits on both SI and SD WIMP-nucleon interactions

- These modelsare relatively simplistic,and the inherent nature of interaction may be more complex

— Usingan EFT allows us to describe all possible dark matter interactions with nucleons

— Extendingenergy regionis beneficial for EFT analysis

— LZ has set promising EFT limitsin SR1 with an extended energy ROI

- Withtheenergyregionunderstoodin LZ, we can test a lot

of DM parameter space, eg:

- 2HDM+a: Phys. D. M. 27, 100351 (2020)

- DM -photon interactions: Nature 618,47 (2023)

Sam Eriksen
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LZ Publications:
* Detector paper: Nucl. Instrum. Meth. A 953, 163047

» SR1 papers:
- WIMP-nucleon result: Phys. Rev. Lett. 131, 041002
- Backgrounds: Phys. Rev. D 108, 012010
- LowE ER: arXiv:2307.15753
- this work: paper in progress
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https://www.sciencedirect.com/science/article/abs/pii/S0168900219314032?via%3Dihub
https://arxiv.org/abs/2207.03764
https://arxiv.org/abs/2211.17120
https://arxiv.org/abs/2307.15753
https://www.sciencedirect.com/science/article/pii/S221268641930161X?ref=pdf_download&fr=RR-2&rr=7f4a3035384936a4
https://www.nature.com/articles/s41586-023-05982-0
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@ NREFT Operator Signals

Differential Rate [/kg/day/keV]

m,=1000 GeV/c?
Solid lines: isoscalar
Dashed lines: isovector

Shaded region:

Energy where the
efficiency for the LZ
SR1WIMP-Search data
is <50%

After all cuts and ROI

10! 10’ selection
True Recoil Energy [keV] True Recoil Energy [keV] True Recoil Energy [keV]

Differential Rate |[/kg/day/keV|

Code used:
DMFormFactor-vé: Used for updating the nuclear response function
WimPyDD: Used to generate final recoils with updated response functions

Evaluate the scattering amplitude assuming a single operator
Using updated GCN5082 ground state to ground state one-body density dEg ~ 32mmimg Jysy,. “
matrices (supplied by W. Haxton, generated using BIGSTICK)
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https://www.ocf.berkeley.edu/~nanand/software/dmformfactor/
https://wimpydd.hepforge.org/
https://github.com/Berkeley-Electroweak-Physics
https://arxiv.org/abs/1801.08432

Galilean-invariant to . . .
Interactions are linear combinations

quadratic order in .
= of 6 independent nuclear responses
momentum transfer iq g’x g’N pl=p4+ L
’ ’ ’ 2u .
N M  SpinIndependent
Spin 1 or less particles
%" Spin Dependent (transverse)

Theory translated to - Z o %" Spin Dependent (longitudinal)

coefficients of an mt L,

effective operator L A Angular Momentum

g ! g @"" Spin Orbit
These operators can be +iccS (GxpYH)+c . g .qJ
equated to generic 57X (q ) 6( X q)( N q) ~, ] !
nuclear responses + C7§N ol 4 C8§X ol + ic9§X . (§N % EI’) Q Tensorspin orbit /
. - . . - . -1

Possible to reduce + ClOgN a+ wllgx q+ C12§X (gN xv )

covariant interaction + i613(§x . 1_5J')(§N : EI)) + i614(§x ’ EI))(§N ) 1_5J')
Lagrangians to
combinations of the +—c15(§x.[j) ((S‘Nxfjl) C_I))
operators
15 Operators give us a sense of the true sensitivity of
dR Dy foo Ji6)) Z Z @ b pab g3 our detector to different DM-nucleon physics
dE, 32 mm3m?% v 4 Gt &
X V>Vmin i,j=1a,b=0,1
Phys. Rev. C 89, 065501 (2014)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.065501
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