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This talk will be about the recent result finding a high energy event with 2.6o

global significance against our current background model.
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https://arxiv.org/abs/2609.02823
https://arxiv.org/abs/2609.02823

LUX-ZEPLIN Experiment

4850’ Rock Overburden
shields against cosmic rays
Water Tank houses OD and
shields against radiation in
the cavern.

Dual phase time
projection chamber |
(TPC) with 7 tonnes _|
of active liquid
xenon target

2 tonne liquid
xenon Skin
instrumented for

scintillation—only. J. NIM A953, 163047 (2019

to veto signals from internal
and external neutrons and
gammas.

Gadolinium loaded liquid scintillator
Outer Detector (OD).



https://arxiv.org/abs/1910.09124

Time Projection Chamber

1. Scatter in the detector excites or
ionises the Xenon atoms.

2. The excited atoms promptly produce
scintillation light (S1)

3. lonisation electrons are drifted to the
extraction region.

Particle
4. Extraction region accelerates electrons

into a gas phase.

100
2]
c .
© 50| 5. Electroluminescence produces a far
E; . S1 At S2 greater intensity light signal (S2).
L 5 >
0 50 100 150 200
Time (us)

Eli Mizrachi’s Thesis “Studies of lonization Backgrounds in Noble Liquid Detectors For

Dark Matter Searches” (2024)



https://gitlab.com/emiz/thesis_public

Interpreting Our Data

S1 and S2s can be We use the

differentiated by their: position in x,y and
z to remove events

near the edges of
the TPC. This is
called a Fiducial
Volume (FV).

Timing:

S2s are “slower”
characterised by the e N
traversing electrons &  Paricle | SESSEESEENE
S1s by scintillation N~ e ees

time/reflections. _100¢
é 50|
Size: £ o 3 . . . |
S1s are typically g P o 150 200
smaller than S2s. Time between the S1 & S2 gives the vertical position

Eli Mizrachi’'s Thesis “Studies of lonization Backgrounds in Noble Liquid Detectors For

Dark Matter Searches” (2024)



https://gitlab.com/emiz/thesis_public

Searching For Signal

WIMP dark matter predicted to have a small cross-section.
Impose a single-scatter condition to reject multiple-scatters.

TPC read-out
A—A » Time

A

See separate S1s See distinct S2s, potentially
combined. also in x-y




Searching For Signal

Also reject anything that also scatters inside our veto detectors.

TPC read-out

A A » Time
Skin read-out Search for any subsequent
| scattering & scintillation in the veto
A signals.
o » Time
oD reead-out Prompt” is ~300ns around the
g prompt S1
‘ “Delayed” is anything outside up to
— Iime  600us.
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Signal vs Background Discrimination

5.0

Most scatters within our detector can either
be Electronic Recoils (ERs) or Nuclear recoils
(NRs). Search for WIMPs through nuclear

ERs have a greater ionisation to scintillation

45 scattering.
S LR T
40 pagemsir==—  ER backgrounds: single-scatter betas and
%) S E 1 gammas.
&0 o
235 !
l
ol

C .

BRI - ratio due to reduced recombination and direct
fF g5 %2 o E50 %22 %22 Z27 xenon excitation physics. Can discriminate
0 200 e - «———  ERsand NRs with S1 and S2 ratio.
S1c [phd]

**Contains events outside the FV.
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Introduction & Signals



This Analysis

5.0

Our previous WIMP search (WS2024:
Phys. Rev. Lett. 135, 011802) focussed on

45 a far smaller Region Of Interest (ROI) than
= this study.
§4'0 . —"'_'::',i::_ ________ This is because that’s where a standard
< i spin-independent WIMP would show up.
&35 1. 2
WS2024 |

Expanding the ROI required:

C .

oF 22 5= 52 22 221 - Dedicated ER and NR calibrations
] R N R R - Consideration of new background
0 200 400 600 800 topologies.
Slc [phd]

Akerib, D.S et al (2026) arXiv:2609.02823

This search contains the low energy ROI
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https://doi.org/10.1103/4dyc-z8zf
https://arxiv.org/abs/2609.02823

Standard WIMP

fferential Rate [/kg/day/keV]

- WS2024 /

(@]

103

1074
1075

X1

X
1 Standard WIMP is a Spin-Independent

(Sl) interaction which follows the Helm
form-factor derived from any Sl coupling

102E
10'E
10°F

Elas

~a E, with the density of the nucleus.
ic Spin-Independent Dark Matter B8 At higher recoil energies, momentum
LZ Preliminary. " § transfer increases and the scattering
1 decoheres.

Typically no reason to search > 80 keV
(the first minima).

50

AT TR BT .
100 150 200 250 300 350
True Recoil Energy [keV]




Why look higher? #1

X1

X2

If dark matter originates from a theory with
an excited state within a few hundred keV
then the relic dark matter state an inelastic
scatter can occur.

m1 m1+d

S E,

1035 L L AL L . L L AL LA UL L BNLANLLL I —— H H
~ 102% Inelastic Spin-Independent Dark Matter O3 i This s_uppre§ses -|OWGF ene.rgy I’eCOI|S.
Y \ — 9=0keV s—kev  — s=30kev B meaning a signal isolated within the higher
= 10 =| . . Z| .
§ Lol LZ Preliminary energy region could occur.

S 100
é 10—1_
o
£ 1072g
S 10- 1 Ermy
C —
Q104§ vmin — + 6
L
E 10-5E JZERmN I’t
10—6: PRI SR N

AT AR S AT
50 100 150 200 250

e Recoil Energy [kevi 0 > Smith et al. Phys. Rev. D 64, 043502 (2001)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.043502

Why look higher? #2
X‘ X Allowing all possible forms of non-relativistic
/ couplings to nucleons opens a new window

I .
 ¢.O, of nuclear and WIMP responses depending
s N T
on 4 quantities:
[ 0:\ .
N 7 7 -
= ’\ L, ﬁLEﬁ—Fi? SX? SN7
10_6:“"['"‘Ir"‘I"T'l"'rI""I"": mn 2,[1,
. Lo ; o T
— meevier — mcevier — 1wcevier BB This is done through a Non-Relativistic

Effective Field Theory (NREFT) yielding
15 operators which can be connected to 20
relativistic interaction Lagrangians.

10-7¢

10°8

LZ Preliminary Can favour higher energies due to

momentum & velocity dependence.
Summary: Fitzpatrick, et al (2013)

Differential Rate [/kg/day/keV]

e ey Ny ey ey by e ey
50 100 150 200 250 300 350
True Recoil Energy [keV]
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https://iopscience.iop.org/article/10.1088/1475-7516/2013/02/004

Analysis Detalils



LZ230616

Akerib, D.S et al (2026) arXiv:2609.02823
Interesting event on 2023/06/16 > R
Appears to be a 248 £ 23(stat) £ 23(sys) keV
nuclear recaoil.
Possible signal model: +

- 1000 GeV/c? L10s signal model
Backgrounds are:

e e

- Neutrons (negligible) 3.5

sclence

Our likelihood model contains S1c-log10(S2c)

Use a combined likelihood of three useful o L PR T Y PR
H 0 200 400 600 800
spaces in our data. S1e [phd]
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https://arxiv.org/abs/2609.02823

Observed Data

Akerib, D.S et al (2026) arXiv:2609.0
S50——= —~—

S 5.0~

‘Vetoes have -
different ER -
backgrounds

g delayed | 1 &z ]
veto i '
_______ T 0o 200 400 600 — 8;)0
] Slc [phd] §lc[p§d] Slc[phd]
Science: Delayed Coincidence: Prompt Coincidence:
TPC events, where our Dominated by neutron Dominated by gammas in
signal would show up. background scatters in OD. the skin.
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https://arxiv.org/abs/2609.02823

What are MSSIs?

Multiple scatters appearing as single scatters
because one scatter occurs in our charge Fiducial Volume
sensitive region and the other(s) in a

LZ Preliminary

Compton + Compton Beta + Compton Anything + .
oy Photoabsorption

RFR MSSI

Bottom PMT Array
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What are MSSIs?

Gammas from detector components and

Pb-214 semi-naked decays contribute to the <o Akerb, D.S ot al (2026) arXiv:2609.028
MSSI events B NN =
For Pb-214, 89% of the time it leaves Bi-214 in 45|
an excited state, releasing a gamma mostly
~0O(300)keV. 340 ““““““

LZ Preliminary 2
Compton + Compton Beta + Compton Anything + \ cgo

o Photoabsorption — 38

0 200 400 600 800



https://arxiv.org/abs/2609.02823

Why we don't think it's MSSI?

B

The MSSI rate is constrained by E:{200

sideband data and simulations to
predict (4.9 x 1073) events in the ROI
and FV.
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1600
The required gamma paths are far g -
too great for an event with an
interaction site of this energy and

position.

Drift Time [us]

- 800

1000

2 21 Akerib, D.S et al (2026)
Reconstructed r* [em”] *J 5 5600 02825
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https://arxiv.org/abs/2609.02823

Constrained with data?

S,O;Z-C;ince - e . 1 We can take a look
1 at the MSSI model {2
2 | e R e | in sidebands in an
£ ' | extended volume,
{ higher energy, and
R R | L. 508 ] R N ISR | S | i Reconstructed r? [cm’]

Fscience

[5.4-t
5.()_—

451

log(S2¢ [phd])
Drift Time [us]

A4

- /1000

ror | Thisis used to
" G | check the
____________________ 1 simulation derived I 400

........... yooa i g 8or .
AN { rates and shape of |¥
3 B | the MSSI model. ” (/RN

I"F’.J'T"‘l""“_“““‘-:")

. 2 2 2 2 2 2 2
Akerib, D.S et al (2026) A 70
L gl g e ey b o gy gen iy il v gely ey v b g g e gl gy o Reconstructed r* [cm~]

750 1000 1250 1500 0 250 500 750 1000 1250 1500 arXiv:2609.02823
Sle [phd] Sle [phd]
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https://arxiv.org/abs/2609.02823

Accidental Coincidence Events

Physical ~  Unphysical
eventS2 £ eventS2
e A

Ous 1050ps Time since S1

By definition, events with a drift time greater than
the maximum in the detector are unphysical
random pairings.

Verify our model by analysing these unphysical
drift time events.

Normalise the rate of the model at a point with
minimal cuts, and also verify its shape.

Minimal Cuts

38

log0(S2c¢ [phd])
2

o
o

e
=3

kerib, D.S et al (2026)
arXiv:2609.02823

0 100 200 300 400 500 600
Slc [phd]

Counts

t

100
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https://arxiv.org/abs/2609.02823

Accidental Coincidence Events

e S
: 10
&)
e Rate suppressed by a suite of environmental, S1 g " 0
pulse shape, S2 pulse shape, and event level cuts -z ~
to reject these events. -
e Not a near miss: event of interest lies within the s S
Slc [phd] Counts

physical event populations in these cut spaces.

e Studied isolated S1 and S2 rates around the event
and found no elevation in rates.

Predicted Counts

Science Cuts

Akerib, D.S et al (2026) ]
arXiv:2609.02823 [ 10°
0 100 200 300 400 500 107 10!

Slc [phd] Counts
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https://arxiv.org/abs/2609.02823

Neutrons

Neutrons can mimic standard WIMP events as they
appear in the NR band, also similar spectrum.

To produce a 248 * 23 (stat) = 23 (sys) keV we need a
neutron at at least 8 MeV.

| This raises several issues:
delaued I - All neutron models predicting higher energy single

log10(S2c [phd])

veto scatters predict an unseen larger population at
de s g4 de | lower energies.
22 22 2z 22 iz 1 - Neutron rate is constrained by veto with total ~90%
0 . PT T R—T Y efficiency
Slc [phd] - For a high energy population would expect a large

Akerib, D.S et al (2026) arXiv:2609.02823

unseen multiple-scatter population. (not in PLR)
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https://arxiv.org/abs/2609.02823

Environment
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Legend: Mn LZ230616

There were calibrations around our event but they were mostly ERs.
The Co-57 calibration is a low energy gamma calibration on the opposite side
of the detector.
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Top array Bottom array
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Results



Signal? Look Elsewhere Effect

s m, = 10.0 GeV
T T T ‘ T T . PRI T

- Our “greatest significance” is 3.4 sigma 5.0 ~——7

- But we test many different models

- Different operators/Lagrangians _ 2
- Different mass splitting T L\ e\ \
- Different WIMP masses =
N
wn
- These unique spectra probe different g
335

parts of our background model science

S
[4

- Increases the chance of any single test 3.0
being significant.

A G°GZ
"ASH 0°00T
AN 00
1‘1_\‘1}1 OOST_
PA TS
"A9Y 0°00
A4 9°0L
WA 00GT == == = === == A

CARI 8 IT
"TA?Y 0°0S

0 200 400 600 800
Slc [phd]
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Signal? Look Elsewhere Effect

s m, = 10.0 GeV
T T T ' T P 7 j:;'ﬁ_"'-' X

- Our “greatest significance” is 3.4 sigma 5.0 <——<

- But we test many different models

- Different operators/Lagrangians . =
- Different mass splitting T L\ LGRRERIe \ |\
- Different WIMP masses & 50
N
wn
- These unique spectra probe different :i
335

parts of our background model science

S
[4

- Increases the chance of any single test 30
being significant.

A §°6Z
"ASH 0°00T
A2 0°0F
1-1_\“}1 Oog-[
A T°G
A9 0°00
AN 9°0L
KH_\"-\{O.OSZ'_____ - e ol

CARIQIT
A2 0°0S

0 200 400 600 800
Slc [phd]
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Signal? Look Elsewhere Effect

C g . . m, =
- Our “greatest significance” is 3.4 sigma 5.0~y

- But we test many different models

- Different operators/Lagrangians e

- Different mass splitting )
. |
- Different WIMP masses 2 4.0 :
I
- These unique spectra probe different E 3 |
S 3.5 ) .
parts of our background model = f science| |
duN\HE 38 22 b
- Increases the chance of any single test soff 85 4o 22 3 3°
being significant. s = ] S S j
0 200 400 600 800
Slc [phd]
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Signal? Look Elsewhere Effect

L y : = 100 0 GeV
- Our “greatest significance” is 3.4 sigma 5.0 0 T
LZ Prellmlnary

- But we test many different models

- Different operators/Lagrangians e

- Different mass splitting E ____________
. 1
- Different WIMP masses & 50 _ !
S\ |
! 1
- These unique spectra probe different E : |
(@] 3.5 i | i
parts of our background model 2 7 science !
H . \82 25 4% A% g%
- Increases the chance of any single test sol d° g° F° 3 3o 2o ]
being significant. T i o S S -

0 200 400 600 800
Slc [phd]
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Signal? Look Elsewhere Effect

L y . —40000GeV
- Our “greatest significance” is 3.4 sigma 5.0 io ™y
LZ Prellmlnary

- But we test many different models

. . 4.5
- Different operators/Lagrangians
- Different mass splitting T L\ e\ |
- Different WIMP masses £ 10
1
- These unique spectra probe different E ' |
g 35y | .
parts of our background model 2 science !
dua\DE BE HE =8 g2
- Increases the chance of any single test sob 45 g° F° 3o 3o 2o ]
being significant. p s S dF fF & ]
0 200 400 600 800
Slc [phd]
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- The max significance of each

10°
Lagrangian/mass/splitting is a local LZ Preliminary
significance
10—1.
- Calculated global significance by o
simulating background-only toys & = 102
scanning all considered models. ;
- Store local significance for each B W=
O
- This was evaluated non-asymptotically 1044
over 616 models to give 2.6 sigma
global significance. .
19005 167 16° 102 16%  10°
- Is not evidence, yet. Let’s say “hint". Local p-value

- Only 220 livedays out of 1000!



Other material

Sam Eriksen’s TEVPA 2026 talk is a treasure trove of public information

other than the paper.



https://lz.lbl.gov/wp-content/uploads/sites/6/2026/08/LZ_Slides_260901_TeVPA_Dark_Matter_HENR_EFT_Sam_Eriksen_compressed-medium.pdf

Community Attention

In-elastic Higgsino: Inelastic type:

Strong Constraints on Higgsino Dark Matter from Solar Capture Inelastic Dark Matter and High-Energy Recoil Signatures in LZ

Maxim Pospelov, Harikrishnan Ramani arX|v260902775 Zi-Tong Fan, Hong-Jian He, Yu-Chen Wang, Yue Zhao arXiv:2609.10491

Confronting the Higgsino Interpretation of the LZ Event with the High-Energy Sideband

Nicholas L. Rodd, Benjamin R. Safdi, Tracy R. Slatyer, Weishuang Linda Xu arX|V2609041 75 We typ|Ca”y ConSider “endOthermiC’, ineIaStiC dark

matter where the DM is in the lighter state, this argues
A lightest particle in SUSY, strongly constrained by our thle hgawer sttatg c;,ould be stable and it is exothermic,
high energy data and neutrinos from annihilation of solar relaxing constraints.

captured DM.

Others:
Neutron disappearance: To incur mono-energetic lines you incur n+y -> ¢
(arXiv:2609.15933v1) or n+n ->/¢ (arXiv:2609.12045v1)
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LZ Preliminary

Calibrations

Exposure

Detector tuning and monitoring

WS2024 acquisition period [d]

WIMP Search
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Any more Exposure?

Calibrations Detector operations Science data

Calendar time [days]
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https://iopscience.iop.org/arti O
cle/10.1088/1475-7516/2013/ O3 =iSy - (TXx ¥
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https://iopscience.iop.org/article/10.1088/1475-7516/2013/02/004
https://iopscience.iop.org/article/10.1088/1475-7516/2013/02/004
https://iopscience.iop.org/article/10.1088/1475-7516/2013/02/004

Science data

Calibrations Detector operations

Calendar time [days]
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Signal? Look Elsewhere Effect (alt)

10° g

LIS S S S S S S S W B s s (e

O}
§=200 keV

- Our “greatest significance” is 3.4 sigma

6 =300 keV

— §=0keV

10°

- But we test many different models
- Different operators/Lagrangians
- Different mass splitting
- Different WIMP masses

10°

10"

Differential Rate [/tonne/year/keV]

107!

s
L 10
200 GeV/c? — 1000 GeV/c?

- These unique spectra probe different
parts of our background model

— 50 GeV/c?

- Increases the chance of any single test
being significant.

Akerib, D.S et al (2026)
arXiv:2609.02823

Differential Rate [/tonne/year/keV]

<] T ST N U T ST BT .
i 0 50 100 150 200 250 300 350

True Recoil Energy [keV]
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