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Outline

XENONNT Highlight

XiZ=a2—F")./8B DOER A
-First Indication of Solar 8B Neutrinos via Coherent Elastic Neutrino-Nucleus-Scattering with
XENONNT

_PRL 133, 191002 (2024),

Za—hkY/fogllE LED>T-WIMPEEE
-First search for light dark matter in the neutrino fog with XENONNT
-PRL, accepted

XLZD

e2024 OS5 RL—a>DEgIL
XLZDDYPIE (WIMP, ZER—HFRIERY)

Physical Review Letters collection of the year 2024
Each year Physical Review Letters publishes about 2000-2500 Letters acr pap ighlig i

oss ~52 issues. We select about 400 of those papers to highlight as Editors’
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Figure: Detection of solar neutrinos. Compilation courtesy R. Hammann.
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Coherent Elastic Neutrino Scattering (CEVNS)

PHYSICAL REVIEW D

VOLUME 9, NUMBER 5

Coherent effects of a weak neutral current

Daniel Z. Freedmanf
National Accelerator Laboratory, Batavia, Illinois 60510

and Institute for Theoreticak Physics, State University of New York, Stony Brook, New York 11790
(Received 15 October 1973; revised manuscript received 19 November 1973)

If there is a weak neutral current, then the elastic scattering process v + A —v + A should
have a sharp coherent forward peak just as e + A —e + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 1073 ¢m? on
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-
coherent nuclear excitation processes v + A —v + A*provide possible tests of the conservation of
the weak neutral current. Because of strong coherent effects at very low energies, the
nuclear elastic scattering process may be important in inhibiting cooling by neutrino

emission in stellar collapse and neutron stars.
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1974 Coherent elastic neutrino-nucleus scattering
(CEVNS) was predicted theoretically by D.Z.
Freedman.

1985 Drukier&Stodolsky and Goodman&Witten
showed the possibility for the detection of
astrophysical neutrino or dark matter through
coherent elastic scattering

2017 It was observed experimentally for the first
time only in 2017 in the COHERENT experiment with
neutrinos produced by the Spallation Neutron
Source.

It took ~40 years to observe it. Why?
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Two-phase Xe Time Projection Chamber

_ - simultaneously observe both S1 and 52
- Target Liquid Xenon (-100°C)

- §1: Scintillation

. 82: electron (->proportional light) - Self-shielding, surface event rejection, single
vs multiple scatter events

- 3D event imaging: x-y (52) and z (drift time)

- Particle identification using $2/51 ratio
(nuclear recoil vs beta, gamma)

one drifted electron produces ~ 200 photon
-> ~30 Photoelectron/electron
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~— 4 < S
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Improve Energy threshold by usin S2-only
for SN search:

S2 only < 1keV (E threshold)

l drift time
N < (depth)

Masaki Yamashita, Kavli IPMU, UTokyo
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PHYSICAL REVIEW LETTERS 133, 191002 (2024)

Editors' Suggestion Featured in Physics

First Indication of Solar ®B Neutrinos via Coherent Elastic Neutrino-Nucleus

SRO + SR1

Component Expectation Best-fit
AC (SRO) 7.5 £ 0.7 7.4 + 0.7
AC (SR1) 17.8 + 1.0 17.9 + 1.0
ER 0.7 + 0.7 0.5 06
Neutron 0.5102 0.5 + 0.3
Total background 26.41713 26.3 & 1.4
B 11.9745 10.7+37
Observed 37

The background-only hypothesis is disfavored at 2. 7130

* Panda-X https://arxiv.org/a

Masaki Yamashita, Kavli IPMU, UT

05/2407.10892 (2.640)
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Scattering with XENONnNT

First solar 8B flux measurement via CEVNS as

Physical Review Letters collection of the year 2024

Each year Physical Review Letters publishes about 2000-2500 Letters across ~52 issues. We select about 400 of those papers to highlight as Editors’
Suggestions. That is still a lot to read. So, we have decided to provide a more concentrated distillation of some of the most important and interesting

papers in physics and related areas

First Indication of Solar 8B Neutrinos via Coherent
Elastic Neutrino-Nucleus Scattering with XENONNT

XENON Collaboration

XENON


https://arxiv.org/abs/2407.10892
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PHYSICAL REVIEW LETTERS 133, 191002 (2024)

Editors' Suggestion Featured in Physics

First Indication of Solar ®B Neutrinos via Coherent Elastic Neutrino-Nucleus

SRO + SR1

Component Expectation Best-fit
AC (SRO) 7.5 + 0.7 7.4 + 0.7
AC (SR1) 17.8 + 1.0 17.9 + 1.0
ER 0.7 + 0.7 0.5 06
Neutron 0.5102 0.5 + 0.3
Total background 26.41713 26.3 & 1.4
B 11.9745 10.7+37
Observed 37
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* Panda-X https://arxiv.org/abs/2407.10892 (2.640)

Masaki Yamashita, Kavli IPMU, UTokyo

Scattering with XENONnNT

First solar 8B flux measurement via CEVNS as

(4.7

i§;§ ) X 10° cm™2 s~ cm2s1at90% C.L.

Physical Review Letters collection of the year 2024

Each year Physical Review Letters publishes about 2000-2500 Letters across ~52 issues. We select about 400 of those papers to highlight as Editors’
Suggestions. That is still a lot to read. So, we have decided to provide a more concentrated distillation of some of the most important and interesting
papers in physics and related areas
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First Indication of Solar 8B Neutrinos via Coherent
Elastic Neutrino-Nucleus Scattering with XENONNT

XENON Collaboration

CHRTT


https://arxiv.org/abs/2407.10892

Search for 8B neutrino signal / low mass WIMPs

XENON
First search for light dark matter in the neutrino fog with XENONNT (PRL, accepted)
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Search for 8B neutrino signal / low mass WIMPs R

XENON
First search for light dark matter in the neutrino fog with XENONNT (PRL, accepted)
10—41 :
: (A): SI DM-nucleon scattering
10—42 -
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5.5GeV WIMPs & [ZIFRRBITRILFXF—ART NS L

PandaX-4T S2-only (2023)

DM-nucleon og; [cm?]
p—
o
L
N
|

XENoNTTS 1
— =14 [— “Only
. 8B A= 1— kU RITEREICWIMPER Lo-15 | N By, 1Y
= N — ~, I 4 Xe neutrino fo R (tbjs ==
« BBXE=a—FI/RBIN\VIISIVK 10740 F O Hare (20215 Yory T oo
| | |
4 o 3 10 12
e “neutrino fog” [CZUED > TfI®HTD WIMPEEER DM mass [GeV/c?]
Component Expectation Background-only 4 GeV/c? 6 GeV/c?
BEE | — 5 > - SI DM = - 3.2 (1.6) 0.0 (0.0)
+ 12GeVHEEUTIc EREZF X 72 5B CEvNS 11.9%+43 102 £2.7 (2.5+0.7)  11.4%27 (6.0 + 1.4)
AC 25.3 4+ 1.2 R 25.1 +1.2 (3.7+0.1) 25.3+1.2 (4.1+0.2)
ER 0.7+ 0.7 05157 0.6 157 (0.0£0.0) 0.579% (0.3+0.3)
Neutron 0.5152 0.5+0.3 0.54+0.3 (0.1+0.1) 0.5+0.3 (0.2+0.1)
Total background  38.3%47 37.7t%3 36.4 T30 (6.3157) 37.7739 (10.6713)
Observed — 37 37 (10) 37 (10)

Masaki Yamashita, Kavli IPMU, UTokyo
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Editors’ Suggestion

XLZD
2024 AL — 3> DF/AL
XLZDD#)IE (WIMP, _ENN—4 FRIE/R &)

Physical Review Letters colleciion of the year 2024

Each year Physical Review Letters publishes about 2000-2500 Letters across ~52 issues. We select b ut 400 of those pa p s to hi ghl ght as Editor

Suggestions. That is still a lot to read. So, we have decided to provide a more con ted d illation of some of the most important and interesti

papers in physics and related areas
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The XLZD Collaboration

[TTHEHRT—DDIRBOE/ &L

XENON-LZ-DARWIN -> XLZD 3>/ —<77L -> XLZD Collaboration

2021 XENON/DARWIN, LUX-ZEPLIN meeting
https://indico.cern.ch/event/1028794/

2021 MOU#5#5 167

2022 1st Summer Meeting at KIT in Germany
2023 2nd meeting at UCLA

2024 XLZD collaboration®E smBAAYIL—7  #MEKS, ERAY, LHEAY
Spokespersons Dan Akarib (SLAC), Marc Schumann (Freiburg)
Exec board 104 [ Masaki Yamashita (Tokyo) ]

- White Paper: A Next-Generation Liquid Xenon Observatory for Dark Matter and
Neutrino Physics arXiv: 2203.02309

- The XLZD Design Book: Towards the Next-Generation Liquid Xenon Observatory
for Dark Matter and Neutrino Physics arXiv:2410.17137v1

X

1046 H'2% : XENON, DARWIN, LUX-ZEPLIN (K E)

Masaki Yamashita, IPMU, UTokyo

XENON

DARWIN




Science: Multi-purpose observatory

WIMP Dark Matter
* Spin-independent
* Spin-dependent

* Sub-GeV

* Inelastic

Extended Dark Matter
* Dark photons

* Axion-like particles

* Planck mass

« WIMPIEEYEIRER

Sun L Neutrino Nature
* pp neutrinos SRR © Neutrinoless T
* Solar I double beta decay ®
metallicity \ \ 8 * Double electron OVBBT*%
* 'Be, *B, hep : g capture
!‘ * Magnetic moment
e -1 1= g
= '~ » 1D DM 1REIRR
(Light WIMPs, Axions, ALPs, Dark Photons, etc)
] + Za—hkU/
Supernova Cosmic Rays e Solar neutrinos (model, properties)
» Early alert » Atmospheric
* Supernova neutrinos neutrinos ° SU pernOvae

* Multi-messenger astrophysics

CRC %DV

/1

1« —7 Y%7 Masaki Yamashita, Kavli IPMU, UTokyo
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A staged approach

 Use 60 t diameter (~3 m in 1:1 ratio) as baseline design

* First phase:
e 40 t, shallow detector

e Build infrastructure for taller detectors
(cryostat, water tank, etc.)

e 5 years run time

 Technical demonstration and early dark matter result

 Main phase:

 >10 years operation

 Full science reach

* Ultimate size depending on xenon availability

* Nominal, 60 t, 1:1 ratio 1step

 Opportunity, 80 t, tall detector 2 gressive
design

CRCHYDV=4—FT4Y7 Masaki Yamashita, Kavli IPMU, UTokyo



Searching for WIMPs down to the neutrino “fog” XL£D design book

arXiv:2410.17137v1

10—45:1‘11nn T 7 T TTrrl T L B S B B | T UL S 5 C} 10—445 T T T Trrr] | I B A | T T T 1111 T T T T TT1T1T] T 'ﬂ"—;:
—  f ; 2 & [ XLZD (detection) o
= i ] S s - ===2300 ty (30 limit) o i
O, [ ) = .2-10_45_---1oooty(3aumit) s
S 10-46 L _ 5 = =G> 1000 ty (examples)
'..g E . o .43 r -
2 11z 2. . ‘
7 L R4 S § 10740k
& -7 C -
o — & 1 = -
g E ‘\‘% ﬁ g 10—47 - multiplet DM e
s [ In R i S E :
= 10_ : 2 . d’é ” .5. G Ill roSino |
' - ‘\%% 2?7 Q 4 10748 N D™ 3
% I LN e’ - 2 (exclusiomn)- = % N §

2 S - - e .- ~ 2 ! .
10—49:1 L 1ol .“.‘1’.'1‘. 1 | lnllnllmtyn(gl)%ZIIE 2 .|__ 10—49: | | ‘ | | | llllllll‘ l\ll.‘l 1l | Lt 1 L 1S

10? 107 10° 10* 10? 10? 10° 10¢ 10°
DM mass [GeV/c?] DM mass [GeV/c?]

o Indistinguishable background from astrophysical neutrinos Median evidence potential curves for 3o for both exposures.

» Limited sensitivity improvement (20% flux uncertainly) « The example evidence contours for 20 and 80 GeV WIMPs
« Systematic uncertainty limit (1000 t-yr) are 1-,2- and 3-sigma (yellow, orange, red)

. 90% C.L. exclusion 2.5x1049 cm?2 (at 40 GeV, 200 t-yr) « Example regions of interest for dark matter candidates

CRCHYDV=4—FT4Y7 Masaki Yamashita, Kavli IPMU, UTokyo 15



— . - XLZD Double Beta Decay
136Xe_§’\—9ﬂﬂi§ arXiv:2410.19016v1

1072 1028? -
Jd Beasese - Optimistic
- ®L,EXO0

—_ - Nominal 7 (30) s
| ey -

SN (1 I > B —~ S
O ' S 9.3 (40) =
—~4 O v ) | &
— 3o

S e gy 22 z
D) —41 F':
g 103 « & 14 (60) =
5 : Qs *NEXT-HD =
= | Frovigreieieiiaiaib/ ob S e S £ 10%7- _ ® KamLAND2-Zen <
& 1t = @ - 0 XLZD T
0:4-33 10 3 ~ 2 - (40 t) 21 (90) %

E “Xe (SNOLab) : @ Pandax-m
10—6—1 [ i’] | | : | --l--- - N [ SN DR B RN N R R N BN N B NN N N R N N R N |
2300 2350 2400 2450 2500 2550 2600 0 2 4 6 8 10 12
5 —iy K Energy [keV] Exposure time [yr]

FHASLINY I TR

o 214Bj 3 from 222Rn in the xenon (Q = 3270 keV)

o 137Xe B (Q = 4170 keV), neutron activation of 136Xe
« 80tDY—4 v NIT ~ 7t of 136Xe « Mostly by muon-induced neutrons, depending on the installation site

« 136Xe OvBP QE: 2458 keV
e 136Xe (£ 8.9% D EHARMIE

CRCHYDV=4—FT4Y7 Masaki Yamashita, Kavli IPMU, UTokyo 16



’. U':;' ’\ KEDFMHREFEE "'FiroPRIAMMTEERE) (CIEH SHRHHHE
KRS €/ AV TERRNEESRLRE |00 e

(DARWIN/XLZD3EE&FE D HEHE ) XENON

JSYREY3V® : BAROESEL EFH - WEOEEOER

Bl (ZBREER) IR ES

'%bu%\ %%
-WIMPR B EEZRERR 10—4°cm? 60-80kY *&J i
) ppj&lg%:l— N U/ &5 (~1% =

kxS TPC - XLZD (XENONNT + LUX-ZEPLIN + DARWIN)
CHEBHE=1—~Y/

) T -HER (HRFX. X Z2HEX)
136Xe “EN—YERIE (~1027y) BNy 7772 R - $9200ZH(EA 15EM)

Sk — F S RS T
R FEIRFR HER /& &
SEHMED

. KEP5 Generation3 Direct DM
. M APPEC LXe Direct DM

T T Y2000
LUX/XENONIT LZ/XENONNT DARWIN/XLZD

ﬁ-

»



Conclusion

XENON

e Kfp—a—hr) /8B —L > reELZE8 LTER A
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XLZD (XENONnT+ LUX-ZEPLIN + DARWIN)

-2024%(ZXLZD collaboration%Z5%1iL
-WIMPIRZ 21T Tld %<, (neutrino fog) AFE=a—hkU/,—EX—ZFHIE,
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