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WIMP Direct Detection with a Dual Phase TPC

® The Time Projection Chamber (TPC) allows for Reconstruction of the Number of Scatters, Interaction Position, and Energy
® Measures the Scintillation (S1) and Ionization (S2) response of LXe following an energy deposit
e [ Xe targets: 2.9 g/cc — Low-rate of penetration of ER backgrounds into the inner volume: “self-shielding”
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Calibration Source Deployment Tubes (3 Total)
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LZ’s First Results: Recap and Overview

Detector Conditions Dataset Analysis librati ..
e  Dirift field: 193 V/cm e  Data collected between Dec. 2021-May 2022 ° ERCa 1.br aton (tritium) ‘
e  Extraction field: 7.3 kV/cm e 60+ 1livedays NR Calibration (D-D Fusion neutrons)

e  Backgrounds well modeled (see Phys. Rev. D
108, 012010)

e  Unbinned profile likelihood analysis in
log, (82¢)-S1c space

®  Results: Phys. Rev. Lett. 131, 041002

® 5.5+0.2tonne fiducial volume
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012010
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041002

LZ’s First Results: Recap and Overview

® 335 Events Observed
Consistent with background-only hypothesis, using two-sided PLR analysis framework
®  Most stringent cross-section limit at 36 GeV/c?% 9.2x10% cm?
o  Power-constrained at-1c
e  World-leading exclusion limit for masses above 9 GeV/c?
® See M. Hernandez’s talk from yesterday’s VHEPU session for more details and results from our First Dataset
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https://arxiv.org/abs/2207.03764

No WIMPs Observed... What’s Next?




No WIMPs Observed... What’s Next?
1. Collect More Data (ongoing)
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No WIMPs Observed... What’s Next?

1. Collect More Data (ongoing)
2. Look in More Places!




Going Further: Operators in a Non-Relativistic Effective Field Theory
Phys. Rev, C 89. 065501 (2014)

JCAPO2 (2013)
* Spin Independent and Spin Dependent interactions rely on the assumption of a
zero-momentum transfer. But what if there is some momentum dependency?
* Usean EFT where we treat the WIMP-nucleon elastic scattering as a four-field 3 Z o
interaction int = - €l
Lint — 0X+X_N+N_ = C1+ iC3§N'(GXﬁL)+C4§X'§N

+icsSy+ (Gx ) + c(Sy - d) Sy - §)

. L . .. . . . . + 08y D+ cgSy U+ iceS, - (Sy X G
* 4 Galilean-invariant, Hermitian quantities which describe the interaction £ £ ( )

N - Y q +C10§N'ﬁ+ic11§x'ﬁ+C12§x'(§NXﬁl)
iq,Sy, SNy V- =V +— e e rm e
2uyN +ici3(Sy - L) (Sy+ @) +ic1a (S, G)(Sy - vt)
* Linear combinations up to second-order of momentum — 15 operators which +—cys5( §X -q) (( Sy X 1) q)

contribute to the interaction Lagrangian


https://iopscience.iop.org/article/10.1088/1475-7516/2013/02/004
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.065501

Recoil Rates from NREFT Operators

e  Simplest case: assume no interference between

operators: cC; = 0 for i#j
e Typical SI WIMP Search: 0-50 keV
o Poor search window for NREFT

Interactions!

m = 1 TeV/c?

WIMP-isoscalar

e  Shaded regions are where detection threshold falls interactions

below 50% after final data selection criteria
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Extending the Energy Window

® ER Response Model extended to higher energies with a *!*Pb calibration (injection of **’Rn)
® NR Response Model extrapolated using NEST (github.com/INESTCollaboration/nest)
o NR Uncertainty (pink) beyond D-D endpoint quantified by comparing NEST to ex situ datasets of AmBe neutrons
(Phys. Rev. D 83, 063501) and D-T fusion neutrons (Phys. Rev. D 106, 052013)
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http://github.com/NESTCollaboration/nest
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.063501
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052013
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WIMP-like ER Pathologies: y-X Events

e p-X Events: Multiple S1-contributing scatters, one S2-contributing scatter

o Can mimic a nuclear recoil

Fiducial

o Custom simulation framework utilizing LZ geometry, field maps, and NEST

response models to simulate y propagation and yields for multiply-scattering events Volume

® Boosted Decision Tree trained on simulated data and tested on calibration and
side band datasets

o Expected 1.6 + 0.3 events below S1c = 600 phd — two were tagged and

removed
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Observed Data

® 835 events after selection criteria and implementation of Skin and OD vetoes
Model Key
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Results

e  With our region of interest set and models prepared, we can test a range of models Inelastic Scattering: O,
o Operators 1 through 15 (Circles are LUX Results
0 Isoscalar and isovector couplings Phys. Rev. D 104, 062005)
o Elastic and Inelastic WIMP recoils 10' : — (5); :Zv ' 6 ' ' '.E
e  Consistent with the Background-Only Hypothesis T iy
o World-leading limits for each operator (except O, ,) L | @ ]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.062005

Operator Results at mX=1000 GeV/c?
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Summary First Constraints on WIMP-Nucleon Effective Field Theory Couplings in an Extended

Energy Region From LUX-ZEPLIN
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First constraints on WIMP-nucleon effective field theory couplings in an
extended energy region from LUX-ZEPLIN

Phys. Rev. D

Backgrounds are well-understood and
accurately modeled

Data collection ongoing! Stay tuned for
more results!

arXiv:2312.02030v2 [hep-ex] 26 Feb 2024

J. Aalbers et al.

Accepted to Phys. Rev. D this week! ———
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Going Further: Operators in a Non-Relativistic Effective Field Theory

* Spin Independent and Spin Dependent interactions rely on the assumption of a Phys. Rev. C 89. 065501 (2014)

zero-momentum transfer. But what if there is some momentum dependency? JCAPO2 (2013)

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

interaction
At - NN
Line=0x"x NN
Lint = Z ¢;0;
i
* 4 Galilean-invariant, Hermitian quantities which describe the interaction =¢, +icsSy (G X 1) +¢,S v Sy
id, Sy, Sy, Pt =V + - +icsSy+ (G % 1) + co(Sy ) (Sw - @)

2 ~ — ~ - . ~ ~ -
KN + ¢Sy U+ ¢Sy - UL+ icoS), - (Sy X G)

* Linear combinations up to second-order of momentum — 15 operators which oSy GFicuSy G+ Sy (Syxv)
+ic13(Sy - ) (Sy - G) + icra(Sy - §)(Sy - Bt
, contbure o the vracion Lgs ) 13( X )( N Q) 14( X Q)( N )
0 3 - - _, P
dR _ Py f - Z Z cAePFHPd3v Frd ((SN ) q)
— jCi T
dER 32 Tl'meN V>VUmin v i,j=1a,b=0,1

* This framework can also be mapped onto covariant Lagrangians, allowing for more

contribute to the interaction Lagrangian

complex interactions to be studied (coming in a future paper).

Moriond 2024 21 G. Rischbieter


https://iopscience.iop.org/article/10.1088/1475-7516/2013/02/004
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.065501

Recoil Rates from NREFT Operators

Simplest case: assume no interference between operators: cC; = 0 for i#j

Solid lines: Isoscalar couplings Dashed lines: Isovector couplings

Typical ST WIMP Search: 0-50keV ~ —  Poor search window for NREFT Interactions!
Shaded regions are where detection threshold falls below 50% after final data selection criteria
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Fit results

Source Expected Events Fit Result
Flat ER 517.4 + 82.8 574.7 + 30.2
Detector ER 184 £+ 9.2 22.3 +:8.1
v ER 55.3 + 5.5 55.5 + 5.5
o %Xe 82+ 2.0 8.7+ 2.0
Hie 20.5 + 1.8 20.8 + 1.8
. 55.1 + 11.6 58.2 + 11.2
| 30.1 + 15.6 34.2 + 8.9
8B CEvNS 0.14 £+ 0.01 0.14 + 0.01
Accidentals L3 03 153 )03
Subtotal 706 + 86 775 + 34
3TAr [0, 288] 49.5 + 9.4
Detector neutrons 0§ s 00"
Total - 825 136




WIMP-like ER Pathologies: y-X Events

®  Asthe energy window increases, the observed rate of ER contributions from

detector components increases

Fiducial
Volume

O yradiation: can multiply scatter in the target volume

e p-X Events: Multiple S1-contributing scatters, one S2-contributing scatter
o Custom simulation framework utilizing LZ geometry, field maps, and NEST

response models to simulate y propagation and yields for multiply-scattering events
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® BDT trained on simulation data and tested on calibration data in a
six--dimensional parameter space:
o Slc,log, (S2c), Radial Position, Drift Time, Cluster Size (spread of hit pattern in

-0.5

the bottom PMT array), Max Peak Area Fraction, Top-Bottom Asymmetry £ -
® WS sideband + simulation used to inform the rate in the EFT search window §s o
o Expected 1.6 + 0.3 events — two were tagged and removed -
£
é—m
1P, > T| Ss 7-X g7
SS 99.997 + 0.005 04£12 g
X 0.003 + 0.005 99.6+ 1.2 e st Ty e
Cluster size [cm] log1o (MPAF) TﬁpBot(omAsymmeiry
= 6.5
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Benefit from an wider energy window

XENON100 2017: EFT —— LZ WS-ROI EFT —— Observed-PC
1 1 - —o— LUX WS2014-16: EFT ---- Median Expected
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Black + Brazilian [J8ll@ (this work):
* 3 < S1¢[phd] < 600, log;((S2¢[phd]) < 4.5
+ Updated density matrices for signals

+ 3 < S1c[phd] < 80
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Impacts from updated nuclear density matrices

Differential recoils used updated
GCN5082 ground state to
ground state one-body density
matrices

These have significant impacts
on some operators

0,5 differential rate has
decreased significantly

0,4 has the opposite behaviour
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Signal PDFs in Slc,log, (S2c) space

Impact of ER leakage differs for
various Operator models

ER leakage into the NR signal
region primarily occurs between | | B
~10-50 phd s e

-

-
0
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e
I5E 2

Less impactful for WIMP models
with a dominant contribution at
higher energies

1000 GeV, O3,
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All 14 isoscalar limits
from 10-4000 GeV/c?
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Equating Older Results: Dealing with differing conventions

TABLE III. LXe direct detection experiments that have reported SI and Of limits. For NREFT limits, the isospin basis used
is given for each experiment. The dimension in which the limit was reported is given for each as well as the conversion used to

recast the limit in Fig. 11.

Experiment Basis Limit Type Conversion in plot
Xenon100: 2017 NREFT [10] o ~3 Ezz t Z"; (¢; x m2)? None

8 — (AP n
LUX: WS2014-16 NREFT [9] 6. E‘;p - c,% (c? x m3)? i
PandaX-II: SD EFT [8] z,, - %Eccf, e 2,% dg’" (] (d3)?

3 . ? n
LZ NREFT (This analysis) z,, - gg‘; Y Z,,g (&' x m2)? None

a : % n
NRET Theory paper [14] e =glete) N/A N/A

e =5(c?—c") .

LUX: Combined 2017 SI [55] N/A Ff aé":—o.%?;
PandaX-4T: 2021 SI [56] N/A o 051 TEa s ( g._c&)z
LZ: 2023 SI [1] N/A of o8 - &g;;';; 5
XENONNT: 2023 SI [2] N/A oS Nogmn

OS5I Thei o2
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