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XENONNT experiment

.= First results on electronic recoil events -
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XENON Collaboration

~170 scientists, 27 institutions from 12 countries
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e = E.n

particle

 Dual phase detector: LXe and GXe

 Using PMTs to detect photons

* Electric field is applied to drift electrons generated
« DM and BG particles generate signals in LXe

* S1signal: Scintillation photon

 S2 signal: lonization electrons

d Xenon Time Projection Chamber
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Electronic Recoil (ER)
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¢ S1/S2 depends on the type of interaction
* Electric recoils: Y ray, 3 ray, Axion,...
* Nuclear recolls: Neutron, WIMPs,...

* ER events have larger S2 than NR events

 BG rejection for WIMPs
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XENON projects

 The main target of XENON project: Direct DM detection (WIMPs, ALPs, ...)

* Also other important physics: axions, neutrino physics,...
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XENON projects

« XENONNT, the latest stage of XENON program started taking data since mid. 2021.

* For first science run: WIMPs and Excess in low energy ER events, reported by XENONT1T.
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XENON projects

« XENONNT, the latest stage of XEONrra rte ing da i Tody’ ai pic!

* For first science run: WIMPs an \\Excess In low energy ER events, reported by XENON1T.\
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Low-Energy Electronic Recoil Excess in XENON1T
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Low-Energy Electronic Recoil Excess in XENON1T

Solar-axion ALPs/Dark Photon
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- The Excess was compatible with new physics scenarios:

- Solar axions, ALPs, dark photons, a neutrino magnetic moment
and many more



Events/(t-y-keV)

Low-Energy Electronic Recoil Excess in XENON1T

Tritium
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The XENONNT: detector and subsystem




The XENONNT

- The XENONNT detector is located at Laboratori — o
Nazionali del Gran Sasso (LNGS), Italy
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The XENONNT
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The XENONNT

PG

with 3x
active
volume

Radon
distillation
column

Liquid
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XENONNT TPC
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- 1.3 m diameter and 1.5 m height
-5.9 t xenon instrumented, 8.5 t total xenon

-5 electrodes and 2 sets of field shaping rings

-PTFE reflectors to maximize lig
efficiency (LCE ~ 36%)

Nt collection

- Low field, but sill running stably

Screen: -0.9 kV-& ...ﬂ m... .

s======4-- Anode: +4.9 kV
Gate: +0.3 kV--

Cathode: -2.75 kV
Screen (-2.75 kV)

&

“** Short-circuit

- 494 3" PMTs (RT11410-21) Iin the top/bottom array

(QE ~ 34%)

- E-fleld: 23V/cm

- Lower than XENONT1T: 80V/cm

- Short-circuit between the cathode and bottom screen

limited the voltage to -2.75 kV 14



Radon Distillati

Radon-depleted
\ offgas b

Re-
Condenser

moO>ANO>TU

Rn decay

arxiv: 2205.11492

on

. il
L N

- Rn: main source of BG events in both WIMPs and LowER

- Target: 1 uBqg/kg 422Rn
- Emanated from materia

- Removal of Rn using difference in vapor pressure of Xe and Rn

evel (XENONITT: 13 uBg/kg)
S

- Rn atom accumulates into LXe more than GXe

- 1./7 =001 uBg/kg is achieved by GXe-only removal mode (-8 times less BG w.r.t. |

Rn distillation
started

rate [uBg/kg]
AN
B
-~
3

SRO data

SRO: 1.77 £ 0.01uBq/kg
SR1+: < 1 uBqg/kg

2 : R | | "
fit : 0 O AN "1
222
* RN a-cllecay best fit equilibrium: (1.771 = 0.009) pBg/kg
oL 1
E 25' ®e °
N o oo ° ® o ..‘.".‘:c i T C e *e “c....ﬁ 2
® woot’ o *o > ° o %° Yoo = o.
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E_ . B > .: 2l Pe, 0.. . o'o.“‘o e ‘.‘ e
G —2.5- . T
c
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time [UTC]

- Additional factor 2 reduction is possible via LXe+GXe removal for SR
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- Impurities (ex.02, H20) reduce the signal size

- Continuous purification of Xe is required

- Direct liquid circulation with cryogenic pump

- 2 LPM (18h to exchange the entire volume of 8.5 ton)
- Multiple filters (arxiv:2205.07336)

- Cu: High eff / high Rn (for fast purification)

- Getter: Mid eff / low Rn (for SRO)

electron lifetime [ms]
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electron electrons surviving

O2 eq. purity

lifetime  a full drift length

XENONNT

2.2 Ms

> 10 ms > 90% ~ 0.02 ppb
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l 1

Tagging efficiency

N eu'trO N veto pure water run
0.8

| Nigg3. \ 0.7 ; ¢ 5S-fold coincidence L
a G"\ ? = - f + * * * + + veto window length 3000 us
N, &N = 0.6 + }
| g - ty }
&)
£ 0.5 ty '
g Hy
2, 0.4 $ ;
= ¢
g b,
5 0.3 4 $
B {
= 0.2
Z
0.1 —
Preliminary
0.0
e 0 D 10 15 20 25

XX XX -
- - -

XXX X XX

Area threshold [pe]

- Gd-Water Cherenkov detector (SuperK/EGADS technology)

- Neutrons are captured by Gd, then produce gammas with total
energy of 8MeV

- Covering the entire detector wall with ePTFE with ~99%
reflectivity

. 65% neutron tag. eff. In pure water (SRO) 17

- Future: ~87% tag. eff with Gd doping



Data analysis and calibrations
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First Science Run of XENONnT (SRO)

220Rn data

AmBe data

O7.1 days
(July 6 - Nov 11 2021)

X
FV =(4.37 £0.14) tonnes

\ 4

1.16 ton — year
2021-12 (1T: 0.65 ton-year)

83mMK ¢ data

60 - SRO data
Hotspot
40 4
TED

20 1

O o

2021-05 2021-06 2021-07 2021-08 2021-09 2021-10 2021-11
Date (UTC)

- 83mKr calibration every two weeks

- 220Rn/AmBe calibration before SRO
- 37Ar calibration after SRO

- Tritilum-enhanced data (TED) after SRO (will be discussed later)

19



Calibrations in XENONNT

Type Particle, Energy Purpose

-Internal and external
sources

Uniformity, energy
scale, etc

Internal | e 32 keV + 9 keV
-Calibration for---

-Energy scale Internal e Q=570keV Low-energy ER

-Unitormity

Uniformity, energy
scale, threshold

Internal Xray, 2.82 keV

- Cut efficiency

| NR, O(1) MeV Low-energy NR,
-Resolution Externall  s3mma from n- Gammas from el
activation activation i

20



Energy Calibration

cS1  ¢S2
E=ny,+n,) W= + ) - 13.7(eV)
gl g2

- ¢S 1, cS2; “corrected” the detector uniformity

- gl and g2: detector-specific gain constant

- Extracted from calibration data

g2 g2 B 3
y — —g—l . Ly+W (Qy — CSz/E, Ly = CSI/E)

- Using g1 and g2, reconstruct energy of each eve 1031
1

- ‘ZMBi ()'()CO 4()K
.-1 7 7 7

Singl»e Voxel
HAr

104

Sy s —— — g —— — — ——, - o
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Energy Calibration

cSl  ¢S2 » -
y2-fit H Low energy lines
E — (nph —+ ne) ‘ W — ( —+ ) ‘ 137(6\/) +10 ++ High energy lines (excluded)
. T 7 - . 37 Q
cS1, cS2; “corrected” the detector uniformity = o B ey RO
O 600 F P o2 D g’
S SRy
D o LN A
2 3 7 & Sp
< 400 235
- gl and gZ2: detector-specific gain constant —
— . . 200k  91=1(0.1515£0.0014) pe/ph oy —g 039 KeV
- Extracted from calibration data % g, = (16.45 +0.64) pe/e 236.2 keV SEI%.: .
v 1 l i 1 : -
2 2 o 25f !
Q = — —g . L +—g (Q,=cS/E, L,=cS/E) = 0---+ --------------------- i-l--i--i ------------------- +&--5--
Yy y y y C _o5 |
gl %4 k= | | | |
o 5 6 7 8 9
Z L, [pe/keV]

- Using gl and g2, reconstruct energy of each event

22




Data-Quality Cuts

- Events are required to pass a range of quality cuts:
- The S1 and S2 peaks are consistent with real events
- Patterns, top/bottom ratios, time width, ---
- S1 >=3 PMTs
- 52 > 500 PE

. Not within < 300 ns of a neutron veto event

- Events are within ER region of S1-S2 distribution

. Fiducial volume cut selects a mass of (4.37 = 0.14) tonnes
with low backgrounds

— |.16 tonne — year (x2 larger FV w.rt 1T)

Z [cm]

Efficiency

1.0 - : 60
Detection ,
i Selection
0.8} e - _1°0
Total S
140 S
0.0F D>
)
- 130 7
0.4F | S 3
2 . 120 &
H Solar axions
- = N -
0.2 ‘1 N 410
) A /\\
A / \
0.0 1 10 102 0
Energy [keV]
ER data » Data outside FV

e ER data<10 keV

—20}"

40 F -

—60

—80

~100}f

0

_120 FE4

—140 =

—160

e

0 20 30 40

50 63
R [cm]

Events passed all the cuts
except for the FV cut
(gamma-ray from materials)
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Low-Energy Calibration using 220Rn and 37Ar

B ER [ AC

o Wall

104 ¢

PRELIMINARY

cS2 [PE]

60

Counts / bin
W Ol
S O O

N
O

40 60
cS1 [PE]

30 100

- At low energy, we have two

R calibration sources:

I f*\, 14000
- TAr }

i F L |1 11 1 ;-'.‘-3000
i
. , ] ! .h'h.,‘ 220Rn 11999
T o

—— 0

Energy [keV]

37 Ar, which gives mono-energetic 2.82 keVpeak used to anchor the low-energy response
and resolution models with high statistics

. 2I2pp from 2*°Rn gives a roughly flat g-spectrum to estimate cut acceptances and also

validates our threshold.

Counts /b

1n



Low-Energy Calibration using 220Rn and 37Ar

BN ER [0 AC [ Wall

104 60 | ft‘! 14000
37 \ - !
50 AI‘ f § | y
- | 1 l . ¢ ' 1] o=
o] __I;[__ AT R
= 30 H, l H l I ' l Hl { 42000 5
S 20 }* ] t‘ :
1 ! 11000
10 {l ] % 220Rp
0 bt \ ! ! 0
2 | A SRR . . .
s 0
| I | | —2r ° T | ) : |
0 20 40 00 30 100 0 2 4 6 g 10
cS1 [PE] Energy [keV]

- At low energy, we have two ER calibration sources: ]
- VA, which gives mono-eneraatie--==— - _'_
sment between ata and o=
Goo ,_' ree

Z0Rn gives a reughly flat p-spectrum to estimate cut acceptances and also o5
validates our threshold.



Tritium SRO | o

- XENONNT went through significant efforts to reduce possible
sources of a low-energy excess

- Qutgassing: 3 months
- Warm GXe cleaning : 3 weeks

- All new xenon was passed Kr distillation: HT removed too

- GXe was purified with hot getters + HZ2 removal units at detector
filling

- After the SRO, “Tritium enhanced data” (TED) TED Bassed] )~
bypassing getters was taken. s

GXe Getter

-orders of magnitude increase In hydrogen
concentration (conservative — at least 10x)

GXePump

- 14.3 days of TED data was analyzed before
unblinding SRO



Tritium

—— Total -—— 13bYqa --- Materials -—— 8mYy
--= 24P}y  --- Solary =--- AC I TED
8-5Kr —— 124Xe
40:—
- Result of blind TED analysis: = |
o 2 30F
No tritium observed | - |
. — Tritium is not considered in & ;
> I ¥
the BG model ¥ ol H { __.-
ol - - .::‘::‘."i"?‘fi]’: —
0 5 10 15 20 25 30
CES [keV]



ER Backgrounds

L 124X8
Materials

o 136Xe
Solar v

214 Pb
85 Kr

— B,
1 Data

L 133Xe

___ 83m Kl"

Expected
< 10 keV

560 £ 7

Number of events iIn

ER band 1-140 keV

980 + 120

50

>
-

oy
)

Events/(t-y-keV)
N
O

10

o) see o]

30 100 120

Energy [keV]

85Kr 91 £ 58 5.8 = 3.7
267 + 51 16.2 + 3.1
245+ 2.4
124X e 2.6+ 0.3
Accidental coincidence 0.71 £ 0.03
83mKr 80 £ 16 0
140

- The low-energy ER spectrum is dominated by 214Pb, plus contributions for materials, 136Xe and solar neutrinos.

- External constraints are included for

. 85Kr, 2 x 107! of (56 = 36) ppg using RGMS

. material gammas, (2.1 £ 0.4) events/(t X yr X keV) from GEANT4 and screening measurements

. 136Xe from RGA and T,, measurements

28

- solar neutrinos have a 10% rate uncertainty given the Borexino measurements of the flux.



Results of analysis



ER Spectrum after Unblinding

Events/(t-y-keV)

_ BO - 214Pb o 136Xe . 124Xe . 83mKr
{ Data S5 Kr Solar v Materials — ¥Xe
50
- Data agree with background only
40 2UECEC .
0 { { model in the whole energy range
301 r I { - No Excess is found in the low
, T 7 I energy region!
L
o - Double weak processes from XelZ24
and Xel306 start to dominate the
(2) background, and useful to validate
(2) _..o.o. .o...o.°..o... .'o.o... .........o. o....o.... 000..0.. aov °, our mOdels
0 2.0 40 60 80 100 120 140

Energy [keV]
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ER Spectrum below 30 keV

25 . -
— B, -
{ Data
20 F
>
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- Lowest BG level ever achieved:

- WIMP ROl is still blinded

30

cS2 [PE]

SRO data

WIMP search
region (blinded)
Excluded region

20 60 80 100
cS1 [PE]

(16.1 £0.3) events/(t X yr X keV)

o
-

Counts / bin
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T

XENONNT vs XENONT

~ X 2 XENON1T ER

search
(0.65 tonne-years)

100} l l XENON1T

> sof

O ~ X 0.2 XENON1T

£ 60k l

=

> ©F|  XENONAT |

. I h I WEERNEINERIE
ZOI_ I II I I incompatible at ~4o0
O 10T 15 20

Energy [keV]

Most likely, the explanation of XENONT1T excess is a small tritium contamination.
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Limits on Axion-Like Particle & Dark Photon

1071 . : - 10-11
F X-ray and gamma-ray ! ALP lifetime “ | § -
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10718 | N g j' \ :
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I::l :: -i 3 1015
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Lo-14 | o 1t XENONnT || XENONNT ;¢-16
é il (This work) |} (This work) :
' (c) ALPs DM " | (d) Dark photon DM I

] . . T L ] . e 10-17

1 10 10% 1 10

m, [keV/c?] mv [keV/c?]

- A search for a peak from ALP or dark photons sees no significant excess
— new stringent limits between 1-140 keV (No limit around 4 1keV: 83mKr |eft

unconstrained)
Takahasi et al, Phys. Lett. B 734 (2014) 178

- Astrophysical limit on ALP: g5 o eira et al. Phys. Rev. Lett. 128, 221302 (2022)
- Astrophysical limit on DP:

H. An et al, Phys. Lett. B 747, 331 (2015) 33



Limits on Solar-Axions

(This work)

: i X{S\TZ éd
| 3
1070k i = |
| I~
= o-o . XENONnNT
| 3 |
v

Valid for masses up to ~100 eV

1010 __CAST (m,; < 10 meV) HB stars

; <-§h, astrophysical constraints from

- :& - stellar cooling
10_11 ' ig . E \ |

: & DF 0 (arXiv:2003.01100)
Lo-12 (a) Solfau" axllonléi R a |1

10—13 18—12 10—11
ae

. New Iimits on the axion-electron, y and nucleon couplings.

. Detection based on axio-electric effect and Inverse Primakoff effect; described by g,.. .- 8.

. 90% upper limit on >’Fe solar axion component is 20.4 events/(t X yr)
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Limits on Neutrino Magnetic Moment

40 | I | I I : : 10~10
3 | -, =0 ) I PandaX-II
o, =2.8x101 pp ' I XENON1T
Borexino (S1S2)
(S2-only) _1_ _
A
- 410°11 3
[ White ] =1
| dwarfs 1
- Cluster XENONNT -
I (This work) |
0 (b) Neutrino magnetic moment
0 5 10 15 20 25 30 T 107+2

Energy [keV]

. A magnetic moment is implied by neutrinos being massive ( #, ~ 107%u; )

- If new physics raises this magnetic moment, it may cause an enhanced neutrino scattering rate

. Upper limit at p, < 6.3 x 1071244 35



Summary

- The XENONNT Is successfully constructed and commissioned

- Achieved lowest BG for LXe TPC: (16.1 =0.3) events/(t X yr X keV)
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- Fully blinded analysis of electronic recoil data:

- No excess observed from 1 to 140 keV

"
ol

- Incompatible to XENONITT excess ~4 0
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- New world leading limits on solar-axions, ALPs and DPs as
well as neutrino magnetic moment are set

- XENONTT excess is most likely due to the small tritium
contamination

- Now the paper is on arXiv: 220/7.11330

- NR WIMPs analysis is in progress:

Stay tuned, WIMPs search results to come! Sy
< WWW.Xe



http://www.xenonexperiment.org/
http://www.xenonexperiment.org/
https://arxiv.org/abs/2207.11330




