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FOR MORE DETAILS ON XLZD
DESIGN AND R&D SEE MASAKI
YAMASHITAS PRESENTATION!

TPC: 60-80 t LXe is possible

Two arrays of 3-inch PMTs,
1182/array

3 m e- drift, 3 m diameter
Drift field: 240-290 V/cm

Extraction field: 6-8 kVV/cm

Double-walled Ti cryostat, ~ 5
cm LXe "skin" detector around
the TPC
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LXETPG
OBSERVABLES

DETAILS ON LXE OPERATION
PRINCIPLES AND OBSERVABLES IN

THE TALKS FROM MAXIME, AMY
AND MINZHEN

® LXe TPCs reconstruct three-
dimensional position (X, Y, Z, or
R, Z, 0)

® scintillation light
® and ionisation light

® The latter two can be combined
to reconstruct the total
deposited energy

—

A

drift time
. (depth)
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THIS TALK WILL FOGUS ON TWO OF THE
PRIMARY SGIENGE GOALS OF XLZD

cisceovering or
constralning
WP cark matier

sealichiingifor;
Jarsiignatllie
@i [epiien
vielatien
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10—4;5

WA SHELAGRED

10~%

—————— — T

Neutrino “floor”

45 9
Neutrino fog 10

UL L | L e

Searching for and discovering : )

dark matter is the primary l L0463,

motivation of XLZD i . —
l 104

As seen in the preceding talks,

LXe TPCs are excellent ot

machines for constraining

WIMP-nucleon interactions - 12

XLZD aims to discover or 10

constrain WIMP-nucleon _ 8

interactions to the point where S

astrophysical neutrinos - 6

become the dominant

background - 4

This sensitivity to WIMP signals . ?

is the main driver of the 102 10° 108

requirements for XLZD Number of 8B events

In this presentation | will go New Definition of the Neutrino Floor for Direct Dark Matter Searches,

over some of the design Ciaran A.J. O’Hare, Phys.Rev.Lett. 127 (2021) 25, 251802
choices and assumptions that
went into WIMP sensitivity
curves, these are all

preliminary!
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WHEREAREREQUIRENMENTS: 2

© At its current stage, XLZD is
defining high-level
performance requirements:

10746 1000

TN

Preliminary

800

© Exposure (lifetime times
fiducial mass)

10—47 4
600

Exposure [ty]

]
KamLAND2-Zen

400

10748 4 114 (60

© analysis threshold

11, exclusion limit (90% CL) [yr]

WIMP-nucleon cross-section [cm”™2]

200 o b b b b by
0 2 4 6 8 10 12

Exposure time [yr]

@ ER backgrounds

10-49 . =
10

10? 103

WIMP mass [GeV/c"2]
© More detailed second-level

WIMP SENSITIVITY Ol/ﬂﬁ SENSITIVITY
analysis will use these as
targets to see if each upstream -

PMT performance Detector Size Veto Performance
m Veto Performance Electron Livetime

KNUT DUNDAS MORA | KNUT.MORAA@PHYSIK.UZH.CH 7
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DETEGTOR PERFORMANGE
AN NEUTROIN
DISERIMINAOY

© The detector sensitivity to light, in
particular fainter S1s determine the -
energy threshold and has a Se. Z
significant impact on performance Z o™
for lower-mass WIMPs— a 20% . ~.
change in combined LCE and PMT
QE changes limits at 10 GeV/c“ by
15%

Preliminary

© Neutrons from detector materials
and surrounding rock cause WIMP-
like NR events, but will be rejected
and constrained both by a
surrounding neutron veto and
multiple-scatter events in the large

~
<

S
L
c
o
8
9]
@
v
0
0
o
o]
c
o
Q
o]
>
<
a
=

Average neutron/neutrino rate in detector

TPC Projection,
] 600 ty exposure
© Including r as an analysis » T T T
dimension strongly reduced the WIMP mass [GeV/c~2]
impact of changing neutron

rates

@ For XLZD performance, an
average neutron flux
comparable to the neutrino fog
allows us to reach the science
goals



mailto:%20knut.moraa@physik.uzh.ch

A review of NEST models for liquid xenon and an exhaustive
) comparison with other approaches M. Szydagis et al. DOI:
10.3389/fdest.2024.1480975 Front.Detect.Sci.Tech. 2 (2024)
| N

I I ] 0.04
NFST’ 91 _ ¥ LUX Run03, g1 =0.117, Hnm=.:4-/.. W  XENON1D0, g1 ~0.04, r:u.,,=m-nh:'f.
_ SO ey, I e § oo T
' S 001 Negr @ T3 Moo st oo e Analytic Apg. for 50% NR Accaptance, logne(832) e, 81
@ .
E 0.006 \‘g‘!»f\?-ié
S 0.004 7y f—f + 8 Y
Following DARWIN nominal values of 2 0.002 \;'\ R T o ey
0.1uBq/kg Rn and 0.1ppt " Kr g g S,
. g o0.001 4 = 10g,,
gives acceptable ER rate = 0006 e
0.0004
The separation between electronic 0.0003
recoils and nuclear recoil signals 10 0D e 300 ab0 10002000 6000
depend on the applied drift field,
with a relatively broad optimum
around 250V/cm — however even Lo-45 200
80 V/cm shows only slight reduction ]
.0
o o 3 o L3 ‘
A higher drift field increases the drift ~ ‘e, Z L 550
speed and reduces the drift time with < o
additional benefits which are not S P
included in these studies: § 107 . L 200 &
5 1 Preliminar =
. . v o
Reduced time for S2 signals to o -
diffuse, improving reconstruction S 150 2
C 4
S &
° L s
Reduced time for an event to S 10748 a
overlap with noise, reducing g - 100
mispairing %
. Proiection.
Reduced overlap with other o Ort"’eeit":)';ure 50
events during higher-intensity Lo-49 > O Y Sxpostr
calibrations 102 10°
WIMP mass [GeV/c"™2]
KNUT DUNDAS MORA | KNUT.MORAA@PHYSIK.UZH.CH 9
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| OW-ENERGY
BAGHROUND MODELS?

“Accidental” backgrounds—
mispaired lone S1 and S2s are an
important background in current-
generation detectors at low
energy, but there is no general
model to predict these events

Efforts are underway to bring the
expertise together to best
compare the running detectors’
data-driven models

Current WIMP projections,
focusing on determining
performance towards the
neutrino floor do not include an
AC component, but set
conservative energy thresholds

XENONNT example: ~ 7/tyAC
events in °B search, 31in
WIMP search

XLZD will start to dive into solar
neutrino background at low WIMP
masses-> slower gains in
sensitivity there

104 - 200 GeV/02 WIMP
' AC background

—————— —
- ——— — —
———
——
——
—_—

102 | | 1 1
0 20 40 60 80 100

cS1 [PE]

XENON: XENONNT WIMP search: Signal and
background modeling and statistical inference, Phys.

Rev. D 111, 103040 (2025) , DOI: https://doi.org/10.1103/
PhysRevD.111.103040

KNUT DUNDAS MORA | KNUT.MORAA@PHYSIK.UZH.CH
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l% M 'CSR(U'/ 0 7é g, M) = ‘Csci SR ‘Ccal SR ‘Cmeas CNNS‘Cmeas eff ['meas AC” ['meas AC cal

5000

3000

2000

cS2 [pe]

XLZD uses the extensive models
and software developed by
current-generation experiments:

1000

200

L L L L L L
10 20 30 40 60 80 100

Number of Events cS1 [pel

Nuisance Parameter

NEST for fast detector

simulations

inference frameworks:

Eur. Phys. 1. C (2021) 81:907 THE EUROPEAN m)
hups:#doi org/10. 1 140/epjc/s 10052-021-09655-y PHYSICAL JOURNAL C G2t

alea (XENON inference |

‘t Recommended conventions for reporting results from direct dark
suite matter searches

D. Baxter', I. M. Bloch’, E. Bodnia®, X. Chen*", J. Conrad®, P. Di Gangi’, J. E. Y. Dobson®, D. Durnford”,
S. J. Haselschwardt'’, A, Kaboth'' ">, R, F. Lang'?, Q. Lin'*, W. H. Lippincott®*, J. Liu*'*, A, Manalaysay'",

o o X
F I a m e F It a b b rev| ated C. McCabe'®, K. D. Mora'”, D. Naim'®, R. Neilson'?, L. Olcina'"*", M. -C. Piro’, M. Selvi’, B. von Krosigk®',
S. Westerdale”, Y. Yang*, N. Zhou*
° ° ! Kavli Institute for
version of LZ inference
* Department of Ph 4 i i
° * INPAC and School of Physics and Astronomy, Sha ai J
s u Ite Shanghai Key Laboratory for Particle Physics and Cosmol
* Shanghai Jiso Tong University Sichuan Research Institute,
 Department of Physics, Oskar Klein Centre, Stockholm University, AlbaNi
7 Department of Physics an Bologna and INFN-Bologna, 40126 Bologna, Italy
¥ Department of Physics an ollege London, London WCIE 6BT, UK
Y Department of Physics, 1 y nonton, AB T6C anada

my
of i
M M 9 Lawrence Berkeley National Laboratory (LBNL), Berkeley, CA 94720, USA
And the statistical models used TP Bt gt Loy (OALY D 11 60, UK

2 Department of Physics, R lloway, University of London, Egham, TW20 0EX, UK

[ ) * Department of Physics and Astronomy, Purdue University, West Lafayette, IN 47907, USA
fo r XL Z D stu d I esl Department of Modem Physic: niversity of Science and Technology of China, Hefei 230026, Anhui. China
[ '* Tsung-Dao Lee Institute, Shanghai 200240, China
% Department of Physics, King’s College London, London WC2R 2LS, UK
" Columbia Astrophysics Lab, Columbia University, New York, NY 10027, USA
¥ Department of Physics, University of California, Davis, Davis, CA 95616, USA
* Department of Physics, Drexel University, Philadelphia, PA 19104, USA

The statistical model follows the TR e S G

results reporting

recomme.ndatlo_n and CO.I‘anI"I D. Baxter et al Recommended conventions for e
practice in the field: unbinned reporting results from direct dark matter searches. Eur. |t e
extended likelihood with Phys. J. C, 81(10):907, 2021. doi: 10.1140/epjc/

templates in cS1, cS2 and R $10052-021-09655-y. o T i s Tt e

detection collaborations must make a series of choices in their NEWS-G. PandaX, PICO, SBC, SENSEL SuperCDMS, and

analysis, ranging from how to model astrophysical parame- XENON collaborations, and these collaborations provided
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ical Physics and Enrico Fermi Institute, University of Chicago, Chicago, IL 60637, USA
ronomy, Tel-Aviv University, 69978 Tel-Aviv, Isracl
3 inta Bar

. CA 93106, USA

University, MOE Key Lab for Particle Physics, Astrophysics and Cosmology,
200240, China

13, China

10691 Stockholm, Sweden

Received: 2 May 2021 / Accepted: 15 September 2021

k matter  commonly used Profile Likelihood Ratio method to direct
mmenda-  detection data. In addition, updated recommendations for the
Jark mat Standard Halo Model astrophysical parameters and relevant
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RUTTINGIAUTHEINGREDIENTSTIOGETHER: IMAGINEDDISCOVERY!

A true WIMP signal
(marked with a 1 x 10-44
star) first shows up
by worse upper
limits

As more data is
collected, and the
significance
exceeds 30, the
collaboration
would draw two-
sided limits and a
closed interval

WIMP-nucleon cross-section [cm?]

Above 48 _
~ 100GeV/c?, Fx 10
WIMP recoil 4x107% - *
spectra are almost
degenerate, so the 1x 1074 -
mass may not be
tightly constrained
1x 1070 . . . . . .
6 10 20 30 50 100 300 1000

WIMP mass [GeV/c?]
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Code to run XLZD requirements projections is available on github! ﬂz
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RUTTINGIAUTHEINGREDIENTSTIOGETHER: IMAGINEDDISCOVERY!

A true WIMP signal

(marked with a 1 x 10-44
star) first shows up

by worse upper

limits

As more data is
collected, and the
significance
exceeds 30, the
collaboration
would draw two-
sided limits and a
closed interval

1x 10746 4

1x 10747 -

-
-
”
-
-
-
=
-
-
N s  ———

Above

~ 100GeV/c?,
WIMP recoil
spectra are almost
degenerate, so the 1x107% -
mass may not be
tightly constrained

1Xx 10748 4
4 x 10749 - *

WIMP-nucleon cross-section [cm?]

1Xx 10_50 T T T T T T
§) 10 20 30 50 100 300 1000

WIMP mass [GeV/c?]
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RUTTINGIAUTHEINGREDIENTSTIOGETHER: IMAGINEDDISCOVERY!

A true WIMP signal

(marked with a 1 x 10-44

star) first shows up * ‘.,.,.‘ Z

by worse upper o e

limits

o 1x 1074 ~ N\

As more data is
collected, and the
significance
exceeds 30, the
collaboration
would draw two-
sided limits and a
closed interval

Preliminary

1x 10746 4

1x 10747 -

Above

~ 100GeV/c?,
WIMP recoil
spectra are almost
degenerate, so the 1x107% -
mass may not be
tightly constrained

1x 10748 -
4 x 10749 -

WIMP-nucleon cross-section [cm?]

1Xx 10_50 T T T T T T
§) 10 20 30 50 100 300 1000

WIMP mass [GeV/c?]
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1x 10746 4

1x 10747 -

Above

~ 100GeV/c?,
WIMP recoil
spectra are almost
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RUTTINGIAUTHEINGREDIENTSTIOGETHER: IMAGINEDDISCOVERY!

A true WIMP signal

(marked with a 1 x 10-44
star) first shows up

by worse upper

limits

As more data is
collected, and the
significance
exceeds 30, the
collaboration
would draw two-
sided limits and a
closed interval

1x 10746 4

1x 10747 -

WIMP-nucleon cross-section [cm?]

Above 48 _
~ 100GeV/c2, X0

WIMP recoil 4 x107% 1
spectra are almost

degenerate, so the 1x107% -
mass may not be

tightly constrained

1 x 10750 . . . . . .
6 10 20 30 50 100 300 1000

WIMP mass [GeV/c?]
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XLZD expects to see more than 10 (200ty)
compatible with high-mass WIMPs while
constraining WIMP cross-sections within the
neutrino fog

Within the unconstrained parameter space,
several BSM models include possible
discoveries!
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The XLZD Design Book: Towards the Next-Generation Liquid

Xenon Observatory for Dark Matter and Neutrino Physics, XLZD
Collaboration e-Print: 2410.17137 [hep-ex]
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Neutrinoless double beta decay sensitivity of the XLZD rare event observatory, XLZD
Collaboration, J.Phys.G 52 (2025) 4, 045102 DOI: 10.1088/1361-6471/adb900
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NEUTRINOLESS
DOUBLE-BETA DEGAY

©® Neutrinoless double-beta
(Ovpf) decays would indicate
that lepton number is not a
conserved quantity

® Using natural xenon the XLZD
TPC will c?ﬂitaln over 5 (7)
tonnes of ~“Xe (abundance of
8.9 %) which undergoes
double-beta decay, avoiding
costly isotope separation.

® The ’°Xe —13¢ Ba Oupp signal

would be a peak at the Q-value
of 2.46 MeV

® If the lepton number violation is
mediated by a Majorana
neutrino, the half-life is

proportional to 1/, /m,,

EXO-200: Observation of Two-Neutrino Double-Beta Decay in 136Xe

with the EXO-200 Detector, Phys. Rev. Lett. 107, 212501

counts /50 keV

lllIllllIlllllllllIlllllll

reconstructed energyfp (keV)
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PHEGUSION
REGONSTRUGTION

® Projections_assume a lo
resolution of 0.65 % at the peak— 20—
8 SSII‘%hE)Ig‘ %o;’eesngleuq;o%vser the x-position [mm] X-position [mm]
currently achieved by XENON
and LZ

[
o
w

Cluster B
OU ﬁ 1 %uster A
AN

y-position [mm]
2
E [keV / bin area]

-10

[
o
[

OvBp signal acceptance
. . . : back-to-back / MM / RHC
® Requires detailed — O ——-

spatiotemporal corrections —
based on calibration , y background
campaigns rejection

® ys may Compton scatter leading
to extended/multiple-site
interactions unlike most
-depositions. We assume a 3 mm
resolution in the drift direction

only e~ background
' —— rejection

Efficiency

® Current experiments achieve
2 mm ' 5 10 15 20 25 30
® DARWIN studies show that Spatial Separation Threshold € [mm]

this resolution ,Can,glve a 90 % Sensitivity of the DARWIN observatory to the neutrinoless double beta decay of 136Xe,
background rejection for a DARWIN Collaboration Eur.Phys.J.C 80 (2020) 9, 808

15 % signal loss
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@ In addition to the 25/(@(6
background from 136Xe,
detector material gamma-rays

are the most important
background for the search:

Rate [evt/(txyrxkeV)]

o *'“Bi gives a y-peak at
2.448 MeV

2087 wi
o “7°Tl gives a y-peak at
2.615 MeV /

03T can be strongly rejected
with veto systems, either with
coincident y rays or by the
2.615 MeV y compton-
scattering in the outer detector

® The best rejection is
achieved with the
instrumented “skin” of LXe
surrounding the TPC

Neutrinoless double beta decay sensitivity of the XLZD rare event observatory, XLZD

Collaboration, J.Phys.G 52 (2025) 4, 045102 DOI: 10.1088/1361-6471/adb900
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200 300 400 500 600
Veto threshold [keV]
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PIDUGIAL YOLUME
AEAINST BAGKEROURDS

=

=,

® At the Ovff energy, the mean =
Comgton interaction length is -

~ 1 cm, while for 11 tonne GN)
photoelectric absorption itis =

~ 4 m =

o

Z.

® Detecting these Compton
scatters allows 2!*Bi events to
be rejected with high efficiency
towards the centre of the
detector.

® The attenuation profile of the
events are matched to LZ and
DARWIN simulations and
assumes the construction
materials will be similar in
composition to those used by
LZ, but assuming a 75%
reduction in rate based on
available assays

Neutrinoless double beta decay sensitivity of the XLZD rare event observatory, XLZD
Collaboration, J.Phys.G 52 (2025) 4, 045102 DOI: 10.1088/1361-6471/adb900
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OTHER

2
BAGKEH““N"S 10 E LN I LI I LI I LI I LI | LI I LI E
- o o . 7N
® Solar neutrinos from °B decays - 156Xe 2vp8) VB0 o h’}atfnals . -
?ive a nearly flat spectrum up to — - ROI'  betore / after vetoes , -
6 MeV = 107 ... |
.:; E157X e (Kamioka) \ |
® The standard double-beta decay o7
of ?3gXe only contributes at lower E\ , ;&GL_NGS) ...........
energy. 810 B —
= Elwmby)
® The **’Rn decay product *'“Bi f E oo /.\...
-decaymg directly to the ground Py ~'9"Xe (SURF)
state “'“Po also give a relatively S 107k
flat energy spectrum % :
® : ... Xe (SNOLab)
é&ﬁD alm.s ?o reduce the P e .:..l..l...l ................................
n activity to 0.1 uBa/kg l02300 2350 2400 2450 2500 2550 2600
® 2!“Po a—decays with Energy [keV]

71, = 162us, allowing the vast

majority of these events to be

tagged —_assumed 99.95% Neutrinoless double beta decay sensitivity of the XLZD rare event observatory, XLZD
Collaboration, J.Phys.G 52 (2025) 4, 045102 DOI: 10.1088/1361-6471/adb900

® 2?’Rn can also attach to
detector surfaces partially
hiding the /3 and the *'“Po a—
decay, this is under further
investigation
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- 136 Xe (2030) Ov303 Materials 7
1 37 . i ROl before / after vetoes / i
5 ﬁ 2 107 e\ |
® The ic muon ray flux ?: C 197X e (Kamioka)
generate neutrons that then o " 137
produce '°"Xe, which decays 2 RS TR Y
via f}-decay. s 10 %T\Y(\B -
b E ¢ (boulby
® Due to the additional neutron é e A
shielding, this production will o sl
mostly happen outside the s 10 F
inner TPC as the liquid is a2 =
cooled and purified. [ TXe(sNOLab) |
P P Y A SRR WCERE
. 10 | I | L1 1 1
® This study uses DARWIN 2300 2350 2400 2450 2500 2550 2600
projections of the activation Energy [keV]

® Further studies may apply

some veto |mmed|ately after a Neutrinoless double beta decay sensitivity of the XLZD rare event observatory, XLZD
muon transiting the TPC— Collaboration, J.Phys.G 52 (2025) 4, 045102 DOI: 10.1088/1361-6471/adb900

these results do not apply one

Depth pflux  B"Xerate  SS ROI rate
Site [m]  [mw.e] [/(m?d)] [/(tyr)] [evt/(t-yr-keV)]

SNOLAB 2070 2890 <0.3 0.007 1.29%x107°

SURF 1490 4300 4.6 0.142 2.72x107°
Boulby 1300 3330 14.6 0.404 7.73%x107°
LNGS 1400 3800 29.7 0.822 1.57x10~4
Kamioka, 1000 2700 128 3.54 6.78x10~4
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SENSITIVITY

® Assuming either the nominal
performance described before
or a more optimistic
performance for parameters

The fiducial volume and energy
region are both optimised for a
counting significance

® For the nominal
performance, a 8.2(1M)t FV is
favoured for the 60 and 80t
XLZD configuration.

Future studies will implement
the full statistical model using
profile likelihood tests

® This will allow a wider mass
and energy region to be
used

® LZ found 40% improvements
in sensitivity using a full
statistical model

Scenario
Parameter Nominal Optimistic

222Rn concentration [uBq/kg] 0.1

BiPo tagging efficiency [%] 99.95 99.99
External v-ray [% LZ] 25 10
Installation site LNGS SURF
Energy resolution [%] 0.65 0.60
SS/MS vert. separation [mm] 3 2
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DARK MATTER NEUTRINOS
XLZD WILL PROBE THE AND BE AMONG THE
WIMP PARAMETER MOST SENSITIVE
SPACE DOWN TOTHE PROBES FOR
NEUTRINO FOG NEUTRINOLESS
DOUBLE BETA DECAYS

The XLZD Design Book: Towards the Next-Generation Liquid :
Xenon Observatory for Dark Matter and Neutrino Physics, XLZD KNUT DUN_DAS_ MMMMMMMMM MORAAGPHYSIK AZH.LH 23
Collaboration e-Print: 2410.17137[hepex] . XLZD Projections TAUP 2025
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. Early alert _* 4 g 0 : ~ +°B,’B, hep
« SN neutrinos W|’€h I@\w ‘ o . PP utrmos
energy- thresh | i

The XLZD DeS|gn Book: Towards the Next-Generation L|qU|d
Xenon Observatory for Dark Matter and Neutrino Physics, XLZD - 24
Collaboration e-Print: 2410.17137 [hep-ex] XLZD Projections TAUP 2025

KNUT DUNDAS MORA | KNUT.MORAA@PHYSIK.UZH.CH
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STAY TUNED AT XLZD.ORG!

—
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XLZDGOLLABORATION MEETING JULY 2023 AT LNGS

KNUT DUNDAS MORA | KNUT.MORAA@PHYSIK.UZH.CH 2 5
XLZD Projections TAUP 2025
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