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The XENONNT experiment

u
and its latest status
MASATOSHI KOBAYASHI (ISEE, NAGOYA-U) , 2026/09/02 TEVPA2026 IN TENDO, JAPAN




The XENON project

- XENON experiment: Rare event search experiment using liquid xenon detector
- Dark matter, solar neutrinos, neutrino-less double beta decay,:
- Currently, XENONNT experiment is ongoing at LNGS, Italy
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Years 2005 - 2007 2008 - 2016 2012 - 2018 2019 - NOW mid 2030s -
Total Xe mass 20 kg 161 kg 3200 kg 8500 kg 60-100t
WIMPS ~10-43 cm?2 ~10-45 cm?2 ~10-47 cm?2 ~10-48 cm?2 ~10-49 cm?
sensitivity




Liquid Xenon Time Projection
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- S1/52 depends on the type of interaction
- Particles generate signals in LXe

100 120
- Dual phase detector: LXe and GXe

- Electronic recoills: lowE-v, r ray, B ray, -
- S1 signal: Scintillation photon

- Nuclear recolls: WIMPs, Neutron,:
- S2 signal: lonization electrons



XENONNT detector

- The XENONNT detector is located at Laboratori Nazionali del Gran Sasso (LNGS), Italy
- Underground area: suppress muon background
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Recent results from XENONNT

 Main focus of this talk:
e Measurement of Low energy solar neutrinos in keV scale ArXiV: 2608.29450
* Also analysis for a lot of other physics are ongoing:
* 8B solar neutrino via CEVNS + search for Low-mass WIMPs PRL. 137, 091807
 Search for Heavy WIMPs PRL, 133 191002
o Search for Magnetic Inelastic DM ArXiV: 2608.15149

- .and more!


http://arxiv.org/abs/2608.15149

Measuring solar-pp neutrinos in XENONNT



- Measurement of solar neutrinos: one of
the main target for XENONNT

- Ultra-low radioactive BG
.- Low threshold
- Ton-scale mass

- Multiple channels for solar neutrino
measurement:

2. MeV scale: via the nuclear recoll
- 8B, hep, ---

Solar neutrino measurements in XENONNT

= pp > det v, [£0.6%]

"Be e = 7Li ve + () [£6%]

——pe p—-dve [£1%]

SB—8Be* etv, [+12%]

——3He p—~“%He e*v, [+30%] —--1°0 e~ - 15N p,
= BN-13Cetv, [£15%] - =-1TF 5170 e*p, [£20%]
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the main target for XENONNT
- Ultra-low radioactive BG

- Low threshold

- Ton-scale mass

- Multiple channels for solar neutrino
measurement:

2. MeV scale: via the nuclear recoll
- 8B, hep, ---

8B~ fRelet vy [ 129%]

Solar neutrino measurements in XENONNT

- Measurement of solar neutrinos: one of

p—4He etv, [£30%] —--1°0 e - 1°N b,
- 13C e*v, [£15%]
e - 13Cu,
w=nl20 - BN etp, [£17%]
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Measuring solar-pp neutrinos in XENONNT

- Sensitive for low energy neutrino
(PP, 'Be)

- Advantage of XENON: lower threshold
- XENON detector: ~1keVee

- Corresponds to ~1 7keV neutrino

p-4He e*v, [£30%] —-- 150 e~ > 15N b,
- 13C etp, [£15%] —=-1TF 170 etp, [£20%]
e~ - 13Cu, — = 1"F e=>17C p,
=120 >N etp, [£17%]

8B fReletivg [ 129%]
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Analysis for XENONNT initial data (SRO, 2022)

- Right: first science run by XENONNT (SRO) XENONNT SRO data
- Good agreement between Data and BG — Bo  — Pb —— 1%Xe = — "Xe
- { Data Kr _ Solar v Materlalf
- Main target for the analysis: peak-like --
signals - 20
- “XENONTT Excess” ex. solar-axions 515' B RN
= was calculated by 5 | e
Borexino's result ~ 5} —
I
N _L[/ 4/\_/_!/<r/7 | I E—

0 D 10 15 20 25 30
Energy [keV]
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Analysis for XENONNT initial data (SRO)
- Right: first science run by XENONNT (SRO)

- Good agreement between Data and BG — By  — 2M4pp — 13¥Xe = — 124Xe

- { Data 85Kr Solar v Materials

- Main target for the analysis: peak-like
20 |

signals >
. 2 sl .
. “XENON1T Excess”™ ex. solar-axions 51 | JEEERNENENES
2 1ok
= was calculated by &
Borexino's result ~ 5| !
I
i . 4/\_/1‘/\7r/17 ! ! —
- To search for the solar-nu signal, precise ”OLK/ - - . - -
understanding of other BG is essential Energy [keV]

- Radon-induced 214PDb, 85Kr, y-rays,- - i




214Pp background

: 222Rn
o - 214 .
Radon-induced 214Pb: largest BG component U-chain after 222Rn

(Only Main branch)

- Reduced by Radon distillation system l
. B decay of 214Pb creates BG events ‘

- 222Rn can be counted using a decay; but
daughters cannot.

- Ex. In SRO:
- 1.7 (¢22Rn) > 214Ppb > 0.78 (¢14Po) [uBg/kg]

- To search for solar-nu signal, we need to
reduce the uncertainty down to ~5% level!




§ 222Rn  § ER within[10, 70] keV

100 o

214Pp background

. Result of the 222Rn calibration
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Rate [pHz kg—!]
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. | [ source
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S 25
. 214Pp « 222Rn ¢ eRpy = a- Ry, + b S

Day since Mar 11th, 2023 [d]

- a: Ratio between 222Rn and 214Pb o
- b: BG other than 214PDb = 0.8
e (calc):correction by branching ratio, 3 06
efficiency etc 2 0,
0.2

| | !
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214Pp background

- FIt result;
- a= 0.66 +/- 0.03 [Bg/Bqd]

- Note:
-1 Bg of 222Rn <=> 0.66 Bg of 214Pb
- Uncertainty reduced to ~4.5% level

- (i.e. ~40% for previous analysis)

- Estimated specific activity of 214Pb
- 1.39 £ 0.07 [uBg/kg] for SRO
- 0.76 £ 0.03 [uBg/kg] for SR1b
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Kr-induced background

Re-condenser

- Other major BG : Kr-induced 8 A Need High
_ Rectifying "‘,\'/‘-'""‘j‘:" Fugien Separation
- Kr-induced £ ——— "]z‘/."“?‘f\'.}‘ Power
Krypton I */'""’”“‘“‘
- B decay of 8°Kr (Q=687keV) T~ 10.7Y FOT | pedin
. . . J | _} section
. Removed by our own distillation (<0.1ppt for Kr) *enen O High volatie
= pZ contaminant
. L;/ |
- Mass spectrum analysis for sampled gas Stuipping [ | BT
section — pe=f=fieed Plate 2
- Confirmed by analytical estimation using rare decay TR Plate !

mode of 8°Kr

- Estimated concentration of Kr (ppg: 10-19)

—  Reboiler with
heater

Bottom

- 82 £ 23 [ppq] for SRO Jﬁi%‘_iiﬁt
- 170 £ 70 [ppg] for SR

- Converted to Kr85 activity with its abundance 15



Kr-induced background

- Other major BG : Kr-induced B
- Kr-induced B
- B decay of 85Kr (Q=687keV)
- Removed by our own distillation (<O.1ppt for Kr)

natKy/Xe Concentration
[ppal
2
g .
{o
@
@

2
O E'.!_.'____.__._'.!_‘____‘_"'___. _______
) E.

- Mass spectrum analysis for sampled gas

- Confirmed by analytical estimation using rare decay
mode of 82Kr

Residual

. | . . . | . . . | . . . |
2022 2023 2024 2025

. Estimated concentration of Kr (ppg: 10-15) Time [y]

- 82 £ 23 [ppg] for SRO
- 170 £ 70 [ppqg] for SR

- Converted to Kr85 activity with its abundance 16



Background model

—— Solar v 24Pl e 133X @ . 3H-like Accidentals
e 124% 0 DEC 212pp 83mMKy ——v Materials = Total
R 136Xe R 85KI‘ 1251

SR1b expectation

Xe-136 2v)

Xe-124 -

/A/ 2UECEC

event rate (log)

0 20 40 60 80 100
Electron Recoil Energy [keV]

120 140
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Fit result

m— Solar v
—214p}

212py ——— Materials
— 83K 3H-like

Event / (t-y-keV)

Residual

0 20 40 60

30 100 120 140

Electron Recoil Energy [keV]

136Xe = —— Total
Others ¢ Science Data
SR1b

Electron Recoil Energy [keV]

120
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Fit result

m— Solar v

— 214Pb — 83K

Event / (t-y-keV)

Residual

Electron Recoil Energy [keV]

212ppy ——— Materials
3H-like

— Total
¢ Science Data

Others

- SR1Db
100 E

] ]
100 120 140
Electron Recoil Energy [keV]

Nominal Best-fit
Solar v 295 500+ 70
124Xe DEC 270 343 + 22
“2Pb 740 + 40 740 + 30
2 Pb 68 + 13 68 + 12
85Kr 130 + 40 130 + 30
Materials 160 + 40 1504 30
3H-like -~ —
136 %6 1460 + 50 1430 =+ 40
X 140 310 + 60
SSmKr free 98 + 14
1251 - o
Accidentals 0.4+ 0.3 0.5+0.3

SR1b

Nominal Best-fit
Solar v 287 660 + 90
124Xe DEC 351 445 + 28
“12Pb 538 + 24 537 + 23
1 Pb 80 + 10 80 + 10
Kr 390 + 170 330 + 110
Materials 137+ 17 136 =17
SH-like 233 92 + 18
136X e 1990 + 70 1950 + 60
9% 15937 16740 + 140
SRy free 111 + 19
| 39 0+ 30
Accidentals 1.3+0.1 1.34+0.1




Uncertainty bucdget

Event / (t-y-keV)

Residual

100

m—— Solar v 212pp Materials

—214py  —— 8Ky 3H-like

1

. 1 | |
40 60 80 100 120 140
Electron Recoil Energy [keV]

o (H) o+ ()

00

136Xe ——Total
Others ¢ Science Data
- SR1b

Fiducial volume 9.7 10
Efficiency 9.0 7.7
Energy bias 2.9 4.1
Energy resolution 1.9 1.4
214Pb correlated uncertainty | 4.3 4.1
“14Pb spectral shape L3 1 |
136X e spectral shape 1:0 1.0
Systematic uncertainty 14 14
Profile-likelihood uncertainty| 14 14
Total 20 20

* ]
40 60 80
Electron Recoil Energy [keV]

I I ¢
100 120 140

Uncertainty from profile-

likelihood: 14%

Non-rate systematic

parameters introduces

additional 14% systematic

uncertainty
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Fit result

GALLEX/GNO Fixing cross-section and
SAGE P.. — flux estimate
- Best fit flux for pp component: Borexino
° (] 0.2 + 20))(] Q10 [Cm_2 3_1] PandaX-4T
- Ratio between the pp and 7Be XENONNT
are fixed

. &)

- Note that PandaX-4T'’s recent HO rejected at 5.0 o P

pre-print shows 2

(8.5 +35) x 1010 cm-2 g1 1 §

G

- Measured pp flux is consistent with 'g

Borexino result at 1.90 (2) A

0 D 10 15 20

- Reject null-hypothesis by 5.00

—2 —1]

Solar pp flux [x1019 cm™2 s

V4



Summary

GALLEX/GNO - Fixing cross-section and
- XENONNT experiment: large-scale liquid xenon SAGE Poe — flux estimate
experiment for DM/neutrino/axion/--: Borexino
.Measurement of solar neutrinos in XENON: PandaX-4T
.MeV-scale (8B) ‘- via CEVNS NR process XENONDT |
.PRL. 137, 091807 0 > 10 s 20

Solar pp flux [x101% cm~2 s71]
-keV-scale (pp + ’Be) ‘-- via ER process

-Very recently released: (ArXiv: 2608.29450)
-Reduction of uncertainty for Rn-induced BG to 5%
-Final result: (10.2 £ 2.0)x1010 [cm-2 s-1]

-Reject null-hypothesis by 5.00

- The detector is being upgraded with new electrode,
and the analysis for other physics channels are ongoing.
Stay tuned!







Livetime [d]

EXxposure

SRO: ~ 96 days SR1(b): ~ 118 days
ﬁ ﬁ
: _85
Science Mode 220Rn 222Rn gzli%l;lcelfirata S1-only mode
83mKy 232Th mmm AmBe Tritium-enhanced Livetime:
88YBe 88y  mmmm 37Ar mode — ~214 days
200
150
100 /J_/_/
50
] | L | ] ] ]
Sep. Dec. Mar. Jun. Sep. Dec. Mar. Jun.
2021 2021 2022 2022 2022 2022 2023 2023

222Rn Activity Concentration [pBq/kg]

Norm. Res.

4.0

(\S)
ol

o
o

I
N
&)

3.5

Radon Removal System:
GXe-only mode

Radon Removal System:
GXe+LXe mode

3.0
2.5 - '
20}
1.5 -
Lof

0.5}

1.8 uBq/kg g Z ]

'I ll l b I E% Preliminary
Tl Al b 0Ly o il 8 2 ]
PRI T i

I ;‘5 g 0.8 uBq/kg 5

TR AR PR PO LU ST TR T

S f ty {{} } ]

100
Time since 01 July 2021 [d]

Exposure:
-SRO: 0.20 [year] x 4.37 [ton]
-SR1: 0.51 [year] x 4.00 [ton]

Between SRO and SR, radon
removal system was upgraded:

- 1.8 -> 0.9 [uBg/kg]
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EXxposure

Livetime [d]

SRO: ~ 96 days SR1(b): ~ 118 days
y (b) y ROI: [1, 140] keV
Optimized base on material radioactivity
Science Mode 220Rn 222Rn Ecii%};j:lfirata S1-only mode SRO (SR1): ~4.13 (4.24) tons
83mKr 232Th M AmBe Tritium-enhanced Livetime:
88YBe 88Y  mmm 37Ar mode — ~214 days —— SRO === SR1
1] 10*
-20
200 : 103
—40F 10° &
150 ok 0 >
s‘ e
i 30 * T 8
100 ! - . 0.1 fg
~100F 9
| 1072 5
>0 ~120F 10-3
_ .- 10~¢
I L 1 I 1 I 140 - e g
Sep. Dec. Mar. Jun. Sep. Dec. Mar. Jun. 102 252 402 50?2 602 662

2021 2021 2022 2022 2022 2022 2023 2023

25



Signal efficiency

— Total (Raw) === Total (SRO) — = Total (SR1b)
— pp (Raw) Non-pp (Raw)
1.0
4
%
~ 3
>
2
he
-
S 1
0

1 10 104
Electron Recoil Energy [keV]

Efficiency



Energy Calibration

cSl  ¢S2 o f -
yv2-fit H Low energy lines
E — (nph —+ ne) ‘ W — ( —+ ) ‘ 137(6\/) +10 ++ High energy lines (excluded)
gl g2 800F o
. T 7 - - 37 Q
cS1, cS2; “corrected” the detector uniformity = Ar & A Sa
o 600f & SRR
= b&é’b ({)\?‘ S’ %%Wl\(b{)’
> O LN AN
& i !“'Qy @‘%’@C):O
< 400 235
- gl and gZ2: detector-specific gain constant e
500 L 91=(0.1515+0.0014) pe/ph myg mgo D OV
_ . . — oV .. x
- Extracted from calibration data > gy = (1645 +0.64) pe/e B
v 1 l 1 l )
b)
22 g2 & 257 i3
O, = - L+~ (Q,=CcS/E, L,=cS/E) 3 op-frmmmes e 335
gl %4 = | | | |
o 5 6 7 8 9
Z L, [pe/keV]

- Using gl and g2, reconstruct energy of each event
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The XENONNT

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

\lo
- Underground area: suppress muon background 3 of
'/ 4 ; Nt :,." ;“,. ;;.,
- 1500 m of rock ~ 3600 m.w.e oY | oy
N . * : - s '.. (/ R
. ..i~\ ‘ ¢ . -‘ S ’1?.., .
- Suppress muon flux to 10-° of surface area \“\ | N N AN &
_ b 3.8 y -"(’o'.f": e QN W L, SO ;
P - o CallioLab 400 Sveiburdan e AYAES
o O e
: 6| . )
5 10 = e o Flat |
X CallioLab 660°® " Mountain
= prelllioLa o 5 Kamioka
S = o Calliokal-800
= - Boulby ® m
108 o CallioLab 1390
= o mlSM
: SURF
10_95—
- CJPL
E SNOLAB ®¢ "
10_10llllllllllllllIlllllllllllllllIllllllllll

0 1000 2000 3000 4000 5000 6000 7000 8000
Vertical depth [m w.e.]
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LXe Purification

- Liquid purification system

- Direct liguid circulation with
cryogenic pump
- Speed: ~2 LPM with liquid
- ~x500 of XENONTT system

= % ®= & .Real-time purity measurement with
5 4 I ourity monitor
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XENON Collaboration

>150 scientists, 29institutions from 12 countries
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Radon-induced background

. 222Rn calibration:
- Compare [B from 214Pb] vs [a from 222Rn]

- Place the source in the GXe circulation system,
and diffuse 222Rn into the detector Metal

- Source: 226Ra implanted SUS (~2Bg, made by
MPIK)

- 222Rn a * ~150 higher than normal run

getter

Heat exchanger

- Can be removed by distillation after the
calibration L Xe line

[1] F. Joerg, et al., Applied Radiation and Isotopes, 194, 110666 (2023)



Radon-induced backgrounc

. 222Rn calibration:
- Compare [B from 214Pb] vs [a from 222Rn]
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- Place the source in the GXe circulation system,
and diffuse 222Rn into the detector

- Source: 226Ra implanted SUS (~2Bg, made by
MPIK)

- 222Rn a : ~150 higher than normal run

Heat exchanger

- Can be removed by distillation after the
calibration L Xe line

[1] F. Joerg, et al., Applied Radiation and Isotopes, 194, 110666 (2023)



. 222Rn calibration:
- Compare [B from 214Pb] vs [a from 222Rn]

Place the source in the GXe circulation system,
and diffuse 222Rn into the detector

- Source: 226Ra implanted SUS (~2Bg, made by
MPIK)

| Heat exchanger
- 222Rn a . ~1b0 higher than normal run

- Can be removed by distillation after the

calibration LXe line

[1] F. Joerg, et al., Applied Radiation and Isotopes, 194, 110666 (2023)




Other backgrounds

- Other BG : Material r and Kr-induced
- Material r

- Low energy compton scattering induced by ¥ from
detector materials

- Reduced by fiducial cut, estimation by simulation

- Kr-induced

- B decay of 85Kr (Q=687keV)

- Removed by our own distillation (<O.1ppt for Kr)
- Mass spectrum analysis for sampled gas

- Also, analytical estimation using rare decay mode of 8°Kr

L

- B—.
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»
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Other backgrounds

- Other BG : Material r and Kr-induced

- Material y 0 —SRO --- SRI

. Low energy compton scattering induced by ¥ from s}
detector materials a0l

. Reduced by fiducial cut, estimation by simulation ool

7z [cm]

- Kr-induced
- B decay of 85Kr (Q=687keV)
- Removed by our own distillation (<O.1ppt for Kr)

-100F = - oI

o L
—120F . - T B
] . L . . ) IE.- ey r -*JI'.- : EE

- Mass spectrum analysis for sampled gas 10%25%  40° 50° 60 66°

R? [cm?]

- Also, analytical estimation using rare decay mode of 8°Kr

36
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Other backgrounds

212pp B decay

Background rate roughly 1/10 of 2'#Pb 224R4
t,,= 3.6 d
Utilizing 2?2°Rn calibration g s 590
. . ey . o
» 220Rn and %'%Po short half-life == not reaching equilibrium 5 Rn
* Full difference equation modeling required t22°5|§2
12 >
 (Conservative systematic uncertainty: = 20% =
Q
10 ——model ¢ data dvé
- 1 216pq 212pq
NZ 0.1 t,,= 150 ms t,,= 300 ns
82 10-2 : 3 NAS 1>
o S| = 2128 | & | 2
10-3 o : o
T Y Q? 2= 60.5 min v o
101—6 1 1 1 1 L 1 E
212p|, /75 %’2 208pp,
s t, = 10.6 h < 8 STABLE
NB‘ 0.1 v %
E% 9 208T| /
ol 107 0 t,,= 3.0 min
1073
10—4 1 1 | 1 | |

0 2 4 6 8 10
time since the start of calbiration [days]



Measurement for the pp neutrino

¢ Borexino Ref: XLZD design book
- Low-E neutrino physics e I,
_ . L 0.6 - ,
- Measurement for ve survival probabllity (Pe-e) * | +— ' M%W)*
0.4~ PP ‘ O*
- Measurement for the Weinberg angle 1o P
- Search for exotic neutrino interactions (ex. T
Magnetic moment) E, [keV]
0.7
Ref: DARWIN solarnu paper 20 ce 020
- 300 ty (natural)
- Goal for XENONNT: Demonstration with 3o odl 300 ty (depleted)
?
- Measurement with few % precision expected In =
future experiment 0.5¢
38
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Analysis for XENONNT initial data (SRO)
- Right: first science run by XENONNT (SRO)

- Good agreement between Data and BG — By  — 2Mpp — 13¥Xe = — 124Xe
{ Data 85Kr Solar v Materials

N
O1

- Main target for the analysis: peak-like
signals

N
-
|

>
D
. 2 sl .
. “XENON1T Excess”: ex. solar-axions & 1 | JEERRENEnEE
- 2 10} .
- => solar-nu signal was calculated by 5
Borexino's result © st

I

N m | | | ]

0 D 10 15 20 2D 30

Energy [keV]
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Detector upgracde

The data taking was stopped at Apr 2025
and stated to upgrade

In previous detector, there was an issue at
the electrode

Shortage of cathode electrode and
bottom screen electrode

- XENONNT SI projection
_ i@ XENON1T 50 GeV/c? WIMP

4. XENONNT (Now)

After replacing problematic electrodes and o

some PMTs, currently the detector is being
commissioned

[
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D
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I

4
L]
......
",
L
",
LA ]
........
LI I
-----
" aan g

WIMP-nucleon og; [cm?]

Expecting ~x10 better ER/NR
discrimination with new electrodes
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