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Diameter/Height 9.6m/10.2m, water

e High reflectivity inner coating

e 84 Hamamatsu 8" PMTs

e Active veto against muon-induced neutrons

* Passive veto against gamma rays
C. Macolino (University of L'Aquila and INFN)

3 nested detectors
Eur. Phys. J. C 84, 784 (2024)

(Pure water for published results so far)
120 8" high QE PMT
33 m3 volume

Use neutron capture to tag neutron
3

active target mass
including GEIIE]
abundance)
active target diameter/height:

Hamamatsu 3" PMTs
NOW24 - Otranto



Diameter/Height 9.6m/10.2m, water

e High reflectivity inner coating

e 84 Hamamatsu 8" PMTs

e Active veto against muon-induced neutrons

* Passive veto against gamma rays
C. Macolino (University of LAquila and INFN)

3 nested detectors
Eur. Phys. J. C 84, 784 (2024)
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(Pure water for published results so far)
120 8" high QE PMT
33 m3 volume

Use neutron capture to tag neutron
yil

active target mass
including GEIIE]
abundance)
active target diameter/height:

Hamamatsu 3" PMTs
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3 nested detectors
Eur. Phys. J. C 84, 784 (2024)
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Diameter/Height 9.6m/10.2m, water : active target mass
, S , ® (Pure water for published results so far) , ,
e High reflectivity inner coating e 120 8" high QE PMT * including (natural
: izcltli_\llaer?lzga;csiii"sfrl\:zin induced neutrons * 33 m3volume : :Etlij\?::anrcee)t diameter/height:
: J : * Use neutron capture to tag neutron J " Int
* Passive veto against gamma rays ° Hamamatsu 3" PMTs
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LXe dual-phase TPC
Eur. Phys. J. C 84, 784 (2024)
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channel: 51 signal (prompt scintillation)
Drift of ionization electrons

channel: 52 signal (secondary GXe scintillation)

«Gamma

*Beta

*Neutrino elastic scattering
«Solar axions, ALPs

3
E « Neutron elastic scattering
 WIMP dark matter
 Neutrino CEVNS (coherent elastic neutrino-
N S1IPE] nucleus scattering)

C. Macolino (University of LAquila and INFN) ! NOW24 - Otranto



2 scientific runs completed: SRO and SR1
SCIENCE RUN 0: Jul 2021 - Nov 2021
SCIENCE RUN 1: May 2022 - Aug 2023

2 O 2 3 Background
GdSO in water by
Start of SR2
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o 4

0. 5. 0. 0. .
< 2 <2 25 25
[N 9, o, 0 2,

Time [YYYY-MM, UTC]

2.
=

C. Macolino (University of LAquila and INFN)

3TAr

Maintenance

& distillation
(S1-only)

EXCELLENT STABILITY

Light and charge yields
within 1%

«478/494 PMTs active
(97%)

*SR2 ongoing

NOW24 - Otranto



First search for WIMP dark matter

*Data taken between Jul. 2021 and
Aug. 2023: ~340 days of raw data
*High liquid xenon purity: Electron

lifetime ~20ms
*Regular calibrations:

g1: 0.1515 + 0.0014 PE/ph (SR0)

& 0.1367 + 0.0010 PE/ph (SR1)
g2: 16.45 = 0.64 PE/e (SRO)
& 16.85 + 0.46 PE/e (SR1)

*No significant excess
*152 events in ER/NR region

*]16 events in NR blinded region
2.6 1047 cm2 at 28 Gev/c?

C. Macolino (University of LAquila and INFN)

WIMP-nucleon cross-section o°![cm?]

WIMP-nucleon cross-section o°[cm?]

[
-

<N
w

1 o0 sensitivity

2 o sensitivity

PR |
102

WIMP Mass MDM [GGV/CZ]

B ER B Wall

Neutron M AC

WIMP

PRL 131, 041003 (2023)

60

cS1 [PE]

30

Nominal

Best Fit

ROI

Signal-like

ER
Neutrons
CEvNS
AC

Surface

134

1.17573

0.23 = 0.06
4.3 +0.9
14 + 3

135717
1.1+ 0.4
0.23 + 0.06
4.4703
12 + 2

0.92 +0.08
0.42 +£0.16

0.022 £ 0.006

0.32 = 0.06
0.35 = 0.07

WIMP Mass Mpv [GeV/c?]

9

Total Background
WIMP

154

152 £+ 12
2.6

2.03+017
1.3

Observed

152

3
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LowE ER searches: new constraints on BSM physics . PandaX-AT

Lowest background rate ever achieved in
L Xe-based dark matter detectors

_n — mpp [ one .

{ Data SKr Solar v Materials — !**Xe
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Energy [keV]

C. Macolino (University of LAquila and INFN)

XENONI1T
ER background

Rate
16 +- 1 events/(t y keV)

>
)
~4
>
o+~
n
hit'
c
D)
>
(a

. 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Energy [keV,.]

«DEC of 124Xe discovered by XENON1T in 2019 with
half-life 2 « 1022 yr
LEADING LIMITS with non-astronomical

observations on:
*SOLAR AXIONS: couplings to gamma, electron,

nucleon
*NEUTRINO MAGNETIC MOMENT pv <6.3 102 yg

*BOSONIC DARK MATTER: Dark photons, axion-
like particles

Phys. Rev. Lett. 129, 161805 (2022)
e NOW24 - Otranto



Nearly indistinguishable
ELASTIC SCATTERING OF DARK MATTER and NEUTRINOS " Gradlentofdscoveryimit 1 = —(@lnc/dInN)

10 11
“
Neutrino “floor” . S

QE et

CEvNS: Coherent Elastic Neutrino-Nucleus Scattering

PHYSICAL REVIEW D VOLUME ¢, NUMBER 5 1 MARCH 1974

8B CEVNS: Signature nearly
Coherent effects of a weak neutral current . o ) )
Dasiel 2. Freedrmant indistinguishable from 5.5 WIMP with

Nationed Accelerator Laboratory, Batavia, Hlinois 60510
and institute for Theorelicus Physivs, State Unineovsity of New York, Stony Brook, New York 11790

(Received 15 October 1973; revised manuscript received 18 November 1873) S pi n -i n d e p e n d e nt n u CI ea r re COi I

If there is a woak noutral current, then the elastic scattering process v +A4A —r + A should
have a sharp concrent forward peak just as e + A —€ < A does, Experiments to observe this O- — 4 4 X 1 0-45 Cm 2
peak can give important information on the isospin structure of the neutral current. The SI ¢

experiments are very difficult, although the eslimated cross sections (ahout 107% om?® on

carbon) are favorable., The coherent cross sections (in contrast to inccherent) are almost

energy-independent. Therefore, cnergies as low as 100 MeV may be zuitable. Quasi-

coherent nuclear excitation processes v + 4~ + A* provide posgible tests of the conservation of

the weak neutral current. Beoausce of slrong coherent effects at very low energies, the

zunsl::iro:l;s:.cdsl::t,:?l':;q;;r::;:ss may be in:lpurunt in inhibiting conling by neutrino S O I a r n e Ut ri n OS at t h e e d 9 e Of u S U a I S 1 fy D i : ) 102 . 108
' . WIMP mass [GeV /c?] Number of 5B events
threshold (3-fold) for WIMP search

SI WIMP-nucleon cross section [cm"']

scattered

neutrino

s °B CEVNS
- = 5.5 GeV/c? WIMP
10 GeV/ct WIMP

ppz06%] _ Nature 562, 505-510 (2018)

‘Be [+6%]

nuclear
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D. Akimov et al, Science 357 (2017)
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1 YBe Best-Fit Sim YBe Data

YBe Fit —— NEST v2.3.5

~J
T

o~
[ |
1

= L

Light yield [ph- keV™1]

Preliminary
15 2.0 25 3.0 35 4.0 45 5.0
NR energy [keVyr]

C. Macolino (University of LAquila and INFN)

Counts/Bin

« keV1]

Charge vield [e

8B CEVNS detection efficiency depends on low

% 10! [——1YBe Best-Fit Sim

energy NR yield model

Sl *152 keV neutrons from photo-disintegration of
1 °Be by y-ray of 88Y

*Recoil energy spectrum similar to 8B CEvVNS

*Good agreement between simulation and data
*NEST model is constrained by YBe data at
el 23V/cm

_\_‘—\_

SR v *Yicld model uncertainty translates in ~34%

, signal rate uncertainty
YBe Fit —— NEST v2.3.5

N

W
1

1

0.5 1.0 1.5 2.0

*reliminary

10 15 20 2.5 30 35 40 45 5.0

NR energy [keVyr] Recoil Energy [keVxr]
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with relaxed waveform
shape requirements Corresponds to 4 - 16 extracted
1 hit = a photon hitting the PMT electrons
S1 Reconstruction efficiency validated Lowered S2 threshold with respect to —
S1 acceptance ) vNS w/o acceptance

by a data-driven method and 200 PE e aaane B CEsNS wio acooptanc
waveform simulations S2 threshold of 120PE to reject high 0.5 —ombined acceptance

isolated S2 background below it.

<
S

Q
=
< 0.3
—S1 acceptance (2-fold) m— 52 spectrum == = §2 threshold 8’ 0.2
- S1 acceptance (3-fold) . é‘f
= B CEVNS spectrum (w/o efficiencies) | 0.1
1.0 r I |
0 F 0 T - 6k | |
40.8 b [ 107 F
!_I‘_. awsE 1 ) E" 5k | —
> L9 . I 5 107 ¢
T 20 10.6 5 <4 | g z
e 4 i I - i
PRI R e 8 2 3} : L 10E
8 - 04 ! - I |
B> < D = 1
2 10 o 2 8
40.2 l 5
5 : 1 : 2 0.1
BLINDED . ) b SN BLINDED 5 | . | |
2 3 4 o) | 100 200 300 400 500 0.5 1.0 1.5 2.0 2.5
Number of detected S1 hits S2 [PE] Nuclear recoil energy [keV]
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AC = accidental coincidence background due to random pairing of S1 and S2 (not physical)
Dominant background for 8B CEVNS search
Mitigated by selecting spacetime correlation to previous HE events

e|solated S1: 15 Hz =& 2.3 Hz

e|solated S2: 150 mHz = 25 mHz

+ Large Sl Small SO - Small S2 Primary S2 Peaks + Remain after PositionShadow
Large S2 - Small S1 » Removed by PositionShadow 1

&
.

(WY
-
N

]
A
©
(«b)
-
<
—
(o)
(¢}
A

.
-
s

e
<
S2 Time Shadow [PE/ns]

TimeShadow
[PE/ns]

(-
-
I
o)

300 350 400
Time [mS]
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AC = accidental coincidence background due to random pairing of S1 and S2
(not physical) AC - SRO 123,7
Dominant background for 8B CEVNS search AC - SR1 350

8B <2
Further suppressed with BDT analysis: ACSideband —— Search Data
S1 BDT: VUV photon spectrum + S1 pulse shape & spectrum
S2 BDT: S2 pulse shape checked by diffusion law

Preliminary Preliminary

81-bins 4D search space: (cS2, S1 BDT, S2 BDT, S2,,/Atpre)

k=
~Q
—
0]
o,
n
it
a
)
>
]

Events per bin

[1Signal(Validation) ] AC(Validation) i___!AC(Test)
Signal(Training) AC(Training)

AC Sideband

0
200 300 400 500 . 0.2 0.4 0.6 0.8 1.0
cS2 [PE] Quantile of S2 / At

Preliminary Preliminary

Events per bin
Events per bin

95% AC rejection
with 80% signal
acceptance

0
0.4 0.6 0.8 1.0 . . 0.4 0.6 0.8 1.0
S1 BDT score S2 BDT score

0.4 0.6
BDT score

15
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B AC 3TAT = Total

Preliminary
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N
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W
)
)

Events per bin
Events per bin
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N
)
)

Rarely detectable S1

p—
-
-

Validated by 37Ar L-shell 0.27 keV ER calibration data (s
Constrained ER light yield: 2.69 +- 0.19 PE/keVEr Quantile of S2 / At

NS S I B
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o1
)
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I
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o
S
S

N
)
)

Test statistic g,

f—
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0
0 | | | : : 0.4 0.6 : : 0.80 085 090 0.95 1.00
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Ly [photons/keV]
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Validated by AC sideband unblinding (events
that failed S2 BDT cuts)

S2 threshold is increased to 120 PE after
sideband unblinding

Science Expectation Observation P-value Deviation from
Run P @in) expectation

SRO 122,7 121 0,33 -0.15 sigma

SR1 290,0 310 0,252 1.17 sigma

The remaining differences of less than 10%
are considered as systematic uncertainty

C. Macolino (University of LAquila and INFN)
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Mostly 214Pb beta decays

I:Nixc L I2IXC
Solar v Materials —

at spectrum from unblinded region

e
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- - ezaiE
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40
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RG rate [(t y cm3)™1]

{117 1 (| [T
ey

spontaneous fission and (a,n) reactions
0 20 30 40 50

0.13+x0.07 Events . — - . R [cm]
0.33%+0.19 Events

SRO CEvNS-search Surface Background SR1 CEvNS-search Surface Background

w— Model (90% C 1. Sy=) . w— odel (307% C1. Sys)
e Data 10811 hirs (90% C |, Srar) . e Data 10E11 hits [90% C.I Stat) §
«s R=E015cm . ses A =596cm »

ERs from 210Pb plate-out at walls of the

10°

detector (radial cut applied)

Wall events rate /t/y

Prediction from data-driven model is
60 62

ﬂegllglble (<03 eventS) FV max radius [cm] FV max radius [cm]
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Total exposure:
48% probability to observe >30 significance

--- Median discovery significance
Pure counting (median)

Band containing 68 % & 95 % of toys Solar 8B tlux measurement in agreement with SNO
(2013)as[1.72,10.6] 106 cm-2s-1 at 90% C.L.

Smeltted tO PRL, arX“,: 2408.02877 Asymptotic discovery significance Z

0o 2 3 4 5 6
3 1 1 : 1 1 1 1

; I [—1Background-only toy data
= SNO, 2013 (68%) - ! --- Observed qo: 7.14

E I

C I

p-value: 3.2 x 1073
Significance: 2.73 o

d
.4:
a
O
o+
o
o,
)
>
o
&)
N2
-

] PandaX, 2023

[1.7, 10.6] cm2 s
1 |90% CL.

XENONNRT, 2024
| |

. %
1 2 3 |

Discovery significance [0] 10 20 30
Discovery test statistic qg

@)

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 0.570¢
Neutron 0.5703 0.5 + 0.3
Total background 26.4715 26.3 & 1.4 |

°B 11.9755 [10.71“2;; ] 5 10 15

Observed 37 i B neutrino flux [10° cm™%s7!]

Background-only

H~

hypothesis rejected
with
2.7 30 significance

N

Test statistic g,
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37 OBSERVED EVENTS - no deviation of background and signal models paramenters

Unconstrained fit SRO

B AC 8B CEvNS

Events per bin

200 300 400
cS2 [PE]

Events per bin

0
0.0 0.2 0.4 0.6 0.8
S1 BDT score

C. Macolino (University of LAquila and INFN)

ER RG = Total

7 F
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ged cross section (10™*° cm?)
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% Observed discovery significance = Inverse B Decay
—— Median discovery significance — v in H,O/D,O

Band containing 68 % & 95 % of toys »-N NC Inelastic

== p-¢ in Liquid Scint.
- p-N, CEvNS

e XENONNT measures the in Xe from

solar 8B neutrinos for the first time! Submitted to PRL,
arXiv: 2408.02877

*\With more exposure, we expect to measure the solar
8B neutrino signal at higher significance and to better
constrain the 8B neutrino flux

*The improvements in flux measurement are limited by
uncertainties of the LXe response to nuclear recoils.
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Discovery significance [o]

More than 10x smaller mass XxENONnT

5.0 7.0 10.0 125 15.0 171970 1980 1990 2000 2010 2020
CEvNS exposure [t x yr] Year

Gradient of discovery limit, n = —(dlno/dIn N)™
1 5 6 7 8 9

eWIMP dark matter (standard and low-mass)
eOther DM Models (Dark photons, ALPs,...)

=== (CRESST-III (2019)
=== (CDMSLite (2018)
=== DarkSide-50 (2018)

DAMA /Na = XENONIT (2018)

eSolar neutrinos (8B, hep, ’Be CEVNS, pp elastic j 5 e —
scattering) R
eNeutrino nature (Neutrinoless double-beta ﬁ
decay,...) g

e Astrophysics (Supernova neutrinos,
Atmospheric neutrinos, GW multi-messenger,...)

m, [GeV/c?

C. Macolino (University of LAquila and INFN) 22 NOW24 - Otranto


https://www.nature.com/

Backup slides



https://www.nature.com/

ﬁ7 =
— =l sl

3 i
\ s ‘
N &= . - B ) = |
=W (= - §l F—"| g3
[0/ e s i | b

C. Macolino (University of LAquila and INFN) 24

Continuous online distillation

222Rn conc. (SRO0): 1.8 uBag/kg
222Rn conc. (SR1): 0.8 uBg/kg !
Was the dominant bkg in XENONA1T

natKr/Xe concentration : <50 ppt
Made subdominant since XENON1T

Removal of electronegative impurities
GXe and LXe purification systems
Electron lifetime achieved: >30 ms !
Full TPC drift time: 2.2 ms

NOW24 - Otranto
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Purity monitor —— Empirical model ¢ *™Kr ¢ %*Rn

Start

Rn distillation: Start
Getter bypass: Start
Getter bypass: End

Science Run:

N
=
_...Sclence Run: End
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222Rn Purity Monitor, 68% quantile
83mKr — — Fitted line
37AI‘

_______g_;_.\
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r))Qq’ v L L ; ’LQ’LO) rLQ’LD %

. ¢Q
Time [UTC] Date (SR1)
<

Removal of electronegative impurities GXe and LXe purification systems
Electron lifetime achieved: >30 ms !
Full TPC drift time: 2.2 ms
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