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2 LZ postdoc positions soon open

Symmetry Magazine, Sandbox Studio, Chicago with Ana Kova 1
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XLZD Consortium

* Consortium MOU signed in July 2021 by XENONNT, LUX-ZEPLIN, DARWIN

« XENONNT and LZ: ongoing science programs, technology progenltors

 DARWIN: initiated R&D and design ' i e
studies

* Led by Steering Committee

* Working groups: science, technical,
siting

* In-person meetings - KIT in June 2022,
UCLA in March 2023

* xlzd.org

DARWIN
LUX-ZEPLIN

Pﬁwzmoem XLZD Meeting at KIT in Karlsruhe, Germany (June 2022)

\ OF DARK MATTER
—

COSMOLOGISTS ARE EASY TO SHOP FOR ] ] _ _ N
BECAUSE YOU CAN JUST GET THEM A BOX. See Tina Pollmann’s talk today 16:00 in DM session in BIG-Horsaal
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http://xlzd.org
https://indico.cern.ch/event/1199289/contributions/5449644/

XLZD Detector

e Design for Discovery into the neutrino fog “baseline”, ¢

conservative [
Xe market

e a detector that drives the full consortium
52 to come together

S ]
B
""""""

‘ 60t active 1:1 aspect ratio at (300cm)

| Drift time
~[|indicates depth

e Xe acquisition may drive stages or final
151 scale

* also considering 40 t and 80 t options

* Engineer for access

20-40 tonnes

* risk mitigation and opportunity for isk mitgation *opportunity”,
eariy science avourable
growth e market

80 tonnes

Palladino XLZD Ovbb TAUP August 2023 3



XLZD DM Sensitivity
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Gradient of Xe discovery limit, n = —(dIn¢/dIn MT) !
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XLZD Science

Dark Matter

* Dark photons

* Axion-like particles
* Planck mass

WIMPs
* Spin-independent
* Spin-dependent
* Sub-GeV

* Inelastic

Sun Neutrino Nature
* pp neutrinos * Neutrinoless
* Solar % double beta decay
metallicity ~[FEEEESS . o - s SRR R © Double electron
ZA ) T LA e Y g  Magnetic Moment
Supernova Cosmic Rays
 Early alert * Atmospheric
* Supernova neutrinos neutrinos

* Multi-messenger astrophysics

arxiv 2203.02309 / J. Phys. G: Nucl. Part. Phys.
~600 author whitepaper on the science reach
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https://arxiv.org/abs/2203.02309

Neutrinoless Double Beta Decay

« Standard Double beta decay occurs
G n OB when single beta decay is forbidden

Wb%\/ or suppressed

N , * Confirmed in 14 isotopes
X Vm
W I

> B > >

\/\,\Vﬂ'ﬂ/\/\< ¢

jﬁ<e We * Neutrinoless double beta decay can
> > > > occur If neutrinos are Majorana
n n

particles

c

gl <l

 Beyond the standard model
process, yet unobserved, linked to
D. Moore’s Morning Plenary matter/antimatter asymmetry
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https://indico.cern.ch/event/1199289/contributions/5262783/

136%e Oubb

o 136Xe is a Ovbb candidate with a natural abundance of 8.9%

e Past and future experiments, many dedicated to Ovbb

* Future detectors could tag the Barium daughter

. World leading limit from KamLAND-Zen T, > 2.3 X 10°° yr
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Ovbb In XLZD

My personal wording of our approach

Studies presented here from:

Alex Lindote

* If we are careful and pay attention to details from siting, detector design, LIP Coimbra

materials choices etc, how sensitive can XLZD be to 136Xe Ovbb?

 The primary physics driver for XLZD is the WIMP search and discovery
capability to the neutrino fog, but with modest investment, can we also

improve our sensitivity Ovbb? Fabian Kuger

formerly Freiburg

e Format of this discussion:
* Energy resolution
 Backgrounds (detector materials, intrinsic, activation)

* Current sensitivity projections and decision impacts

Collaboration, advice, and engagement with Ovbb experts is wonderful!
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Energy Resolution

* At Q= 2458 keV

e Assume 0.65%, LZ has
demonstrated .67% energy

resolution

* requires 3D position-based
corrections to scintillation and

lonization signals

o« * 10 defined ROl around Q
value: 33 keV wide
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https://iopscience.iop.org/article/10.1088/1748-0221/18/04/C04007
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Detector Backgrounds

103 =

e Build upon successes of current detectors

107

 High energy Gammas

A®/SIUBAT

* |LZ radioactivity control

PRD 108(2023) 012010

Radon removal

« XENONNT Rn down to 0.8 uBg/kg

o total events 15.8 = 1.3 ev/(t y keV)
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* Analysis of 136Xe 2vbb spectrum shape not yet
explored
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https://doi.org/10.1103/PhysRevD.108.012010
https://iopscience.iop.org/article/10.1088/1748-0221/18/04/C04007
https://doi.org/10.1103/PhysRevLett.129.161805

Veto Detectors

. 0-2 R? [cm?]
* Nested veto detectors provide XLZD - Next Generation 0vBB
hielding and background taggin — e Praliminary RO material
S 9 9 9g9ing T — Preliminary — (before / after
E, 10-3 vetos)
* 12 m diameter tank to shield against - g
cavern gammas >
L 10—4 \ i
e Gammas from detector materials
> i
Q : -
near the TPC — 10-5 E Xe skin
| | : < o) OD: GdLS  Water shielding
° 214B| 7 frOm 238U Chaln (2447 keV) 8 g; S: Example y SS BG ROl rate ina 60t TPC
105300 2350 2400 2450 2500 2550 2600
508 530 . Energy [keV] Lo-4
y TI y frOm Th Chaln (261 5 External BG spectrum in the XLZD (60 t) fiducial volume )
keV) 2 sianal wit = 541027 vi e

-107°% —

U

e |nstrumented Xe skin + OD allows

* Xe self-shielding is also key, tor taaaing of the coincident 107 §
optimized Ovbb FV used, not WIMP J9INg
. gammas or Compton scatters from
| FV, benefit from larger detectors 208T| 2615 keV, reducing the bkgds 109
by >80% (70% reduction skin alone) | e———— o
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Multiple Scatters and Intrinsic Backgrounds

— Z-only separation OvBpB signal acceptance
B P ¢ Aot Wb
; l y background
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Spatial Separation Threshold € [mm]

 Multiple scatters reduce the gamma and
single electron (bremsstrahlung) backgrounds

 Ovbb will appear as single scatter
3 mm vertical separation threshold used
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+10 (33 keV)
1072
136 OvBB
e :
—_ ROI material
N (2vBB) (before / after
E 103 vetos)
TL_
> 1 VgB
— "y .
'*.J 10 \ 7 222pn
2]
c
V
o
— -5
o 10
g XLZD - Next Generation
Rare Event Observatory
— Preliminary —
102°

2300 2350 2400 2450 2500 2550 2600
Energy [keV]

Uniform across volume, mostly flat spectra
222Rn at 0.1 uBag/kg (~10% of current)

BiPo tagging of a >99.95%
Small contribution from 136Xe 2rbb
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Cosmogenic Activation

. #1785 * Primarily concerned with 137Xe (beta decay
136y o O;glﬁ | with Q=4162 keV)

- material

'T'> (2vBB) (before / after

U 1077 137xe (Kamigka) _

" R R rommnaiar * Muon-induced neutrons capture on 136Xe

T:-* 107 13 Xe (Boulby)

g | — y » Lab depth dependent

R ENETTIEAT E  A—

o 107

I S KLZ0- Nert Genration * Estimates from the DARWIN muon studies
N i . — Preliminary — arXiv:2306.1634

2300 2350 2400 2450 2500 2550 2600
Energy [keV]

e Xenon in purification/circulation system
should also have neutron shielding, or
shielded delayed re-feed
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https://arxiv.org/abs/2306.16340

Laboratory Location

£ 10°: * Flat = 8-107| 22 i B2 TS £is
=, - b5 ® Mountain ) "5 S 8— 8— ¥E
a CallioLab 660'. > mioka > 6-1077 L |
w= 107 Soudan . £
S = o CallioL#£990 S
g - NGS &
S - Boulby ¢ ™ S 4-1077
0°L Boulbv o CallioLab 1390 -
= ’. . ulSM S
- SuU >
- 3
10—95_ / o 2-1027
- Jo a CJPL 2
B SNOLAB ; XLZD - Next Generation i
_1 O L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | ] ~ Rare Event Observatory :
10 "0"""7000 2000 3000 4000 5000 6000 7000 8000 = — Preliminary—

3-10° 1-10° 3-10° 1-10% 3-108 1-107

Vertical depth [m w.e.] muon flux [1/cm?/s]

« XLZD is evaluating 5 UG laboratories, XLZD science-driven Siting Report due this autumn

* Siting decision expected in ~2025, likely made above the pay grade of researchers
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Studying XLZD Ovbb Sensitivity

o Study all 3 detector geometries, and provide

baseline and progressive input parameter curves | Farameter Baseline | Progressive
for each External gamma flux (% of LZ) 30 10
Energy resolution (%) 0.65 0.6
 Materials gamma backgrounds use the LZ Vertical SS/MS discrimination (mm) 3 2
de.t.eCtOr materials baCkgrOund bUdget’ but BiPo tagging efficiency @ 0.1 uBa/kg %2Rn (%) 99.95 99.99
mitigate non-PMT sources —
Installation site LNGS SURF
« Gamma attenuation is studied with a semi- « Studied in multiple optimized FV shells (not yet PLR)

analytical tF)y quel (verified against LZ and  FV of baseline (progressive) models for each active
DARWIN simulations) to quantify backgrounds mass, assume natural abundance of 136Xe (8.9%)

surviving vetos and Multiple Scattering cuts . 6 (7)t FV for 40 t (progressive 0.6 t 136Xe)

 Rn reduction and BiPo tagging  9(12)t FV for 60 t (progressive 1.1 t 136Xe)
e 15(18)t FV for 80 t (progressive 1.6 t 136Xe)

. 8
Site muon rates range from 2.58 x 107" muons/ | gpo; .. and 30 discovery following method of PRD 96
cm2/s (LNGS) to 6.16 x 10~° muons/cm?/s (SURF)  (2017) 053001

Palladino XLZD Ovbb TAUP August 2023 15


https://doi.org/10.1103/PhysRevD.96.053001
https://doi.org/10.1103/PhysRevD.96.053001

T112, 0088 Exclusion limit, 90% CL [yr]

61026

4-10%.
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Projected XLZD Ovbb Sensitivity

90% CL exclusion sensitivity

-4.0-11

Exposure time [yr]

Rev Mod Phys 95 (2023) 025002
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E
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nEXO: JPhys G 49 (2022) 015104
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NEXT-HD: JHEP 08 (2021) 164
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https://doi.org/10.1088/1361-6471/ac3631
https://arxiv.org/pdf/2005.06467.pdf
https://doi.org/10.1103/RevModPhys.95.025002

XLZD Majorana Mass Reach

o1 v o2 (Mag)”
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Me

| XLZD - 80t x 10yr

1o-1] T2 =6.4 x10%"yr

INVERTED ORDERING

= U

- 0.5

38
S
1=
Q
5 S 2
L 2 5
X 310
SR M— 5
5 E
% - 10
E. NORMAL ORDERING - 15
- 20
1073 4
. - 50
Preliminary |
10~4 1073 1072 1071 10°

Lightest v mass [eV]

|
EDF & AV
7 BM
QRPA + o 4 *
6 NSM [ T * v .
IMSRG | | +0 . * R v
5 cc 1
o R * A .k ]:‘ A ¥ N ¢
26 B T A
s 4 .
3 . . - -
T
2 | K ) * ¢
i T - A
_+_
_+_
1 §. — (
« T
O | | | |
480, ge 82ge 100, 116cq 1307 136y  150Ng

The Majorana mass Is
highly dependent on the
nuclear matrix model

Nuclear Matrix Element Mo2PP
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Sensitive Exposure
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Adding XLZD to the overview plot from Rev Mod Phys 95 (2023) 025002
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https://doi.org/10.1103/RevModPhys.95.025002

Double-electron capture

--- 13Imye — 214 —— Materials —— 2vECEC
--—- 83mgp Solarv ---- |Interpolation Bllnded region
= Ks — 13¥Xe == Fit - 1

100 I 1
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w o w

| neRAI |
25. 50 75 100 125 150 175 200
Energy [keV]

[u—
-
Do

:_ LZ 124Xe: PRC 104 (2021) 065501

Rate, 2v2[3 selection [event/kg day keV

0 100 200 300 400 500 600 700 800 900 1000
Recoil energy [keV]

Palladino XLZD Ovbb TAUP August 2023

2L DEC observed by XENON1T for 124Xe (64.3 keV)

o le/’“ZKK = (1.8 £ 0.5 stat £0.1 sys) X 10%* years
e OUvDEC can be searched for too

134Xe Is also predicted to double beta decay, 2vbb
not yet detected

Q=825.8 keV , 10.4% abundance

 Low Rn and depleted 136Xe necessary

19


https://doi.org/10.1103/PhysRevC.104.065501
https://doi.org/10.1038/s41586-019-1124-4

More Neutrino Ph

Solar neutrinos

0.15 % precision on pp flux with 300 ty

[
o

Relative Uncertainty [%]
= -

1 A " i e .110 i i i e ;]:60 i
Exposure [tonne-year]
DARWIN collaboration, EPJ-C 80 12 (2020) 300t y
0.8F 0.550 O DARWIN
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0.7+ pp 6—(0.017-0.022) A KamLAND
A —(3.1-4.0)% v SNO
R 'Be
30) 0.6 B pcp
9]
el + |
> 0.5
E “‘\
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0.4 : o
i *
03l 300ty T*
0.1 I | 710

Neutrino Energy [MeV]
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CEvrNs and Non-Standard Interactions
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XLZD i1s more than WIMPs

W LN
Gt
= {l"'.r.’

o ‘ Ws ' « XLZD can do competitive searches for Ovbb

* Energy resolution and multiple-scatter rejection
shown in current detectors

* Final sensitivity will depend on detector size, site,
and detector backgrounds

XLZDers at the Getty Center in LA
-Florian Jorg

* A rare event observatory, with low backgrounds an
broad energy ROI can search for a variety of new

physics signals!
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Backup Slides

“We're quietly confident that it smells of cinnamon,”

Tom Chitty 2016, New Yorker
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Mean Free Paths and Multiple Scatters

100 T
1 kY 1,2 T T T T T T
—— Photoelectric === ODonly === OD, Skin=100 keV
me= Skin only @® Assume d scenario

— —Compton B R No veto |
_ Pair production ,-/ S
::} 10 + = Total ) fé
e 1 5 08 | _
L ™o 5
S | = O
g - 206 -
© O
g a8
- i | ®) 0.4 i
o : - 100 keV Skin only
= e R T o N N S e S s

(L— L
. m
gammas in LXe ~ 0.2 o
Preliminary
0.1 i — s 0.0 ' ' ' ' ' ' ' ! ' ' ' '
0.01 0.1 1 10 0 100 200 300 400 500 600
photon energy, MeV Veto threshold [keV]

 Gammas near Q value likely to have
multiple Compton scatters (10 cm MFP)
before photoelectric effect (2 m)
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Liquid Noble Detectors

Snowmass Summary Chapter - arXiv 2209.07426

10—41 =
E JWAR2 o ® Observed Result (90% CL)
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Year

2045

; indicates depth

051

Drift time
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Palladino XLZD Ov

Known Risks and R&D Areas

A
: \\ \ P N
\}; ’."’”";‘ ok

Xenon Supply TR
Electrlc flelcls -

Commodity produced at ~60t/yr and increasing - XLZD

needs to acquire ~1 year of world production

Coordinated acquisition through long-term contracts

over a decade and multiple suppliers

Continued discussion with suppliers necessary

3

Purification
Air Separation Unit Concentration Extraction Multiple step
distillation

3
volume 4000000 m? 500 m? 1m < oo
processed Xe 0.1 m?3

1 ppm

Track record of the combined teams in scaling from 10 kg to 10 tonnes provides

Backgrounds

In-line Rn removal, Rn barriers?

 Exploit current detect

other effects

the technical foundation and capabilities for making the necessary advances

! | | | | |

Fvent

 Low background materials and cleanliness progt:

mform on acmdentalc

imme

, and




