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XENONNT @ LNGS LA
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Combining the S1 and S2 signal allows for:

@ 3D position reconstruction — fiducialization
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2024: First glimpse of the neutrino fog
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XENONNT Exposure uéi
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SB CEVNS: sub-keV NR
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SB CEVNS: sub-keV NR
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SB CEVNS: sub-keV NR
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SB CEVNS: sub-keV NR

5B neutrino CEVNS
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e dark matter search
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Dominant Background: Accidental Coincidence

“Isolated” S1 Not detected

A

Time

“Isolated” S2

Not detected

Reconstructed
AC event :

IsoS1 IsoS2

Rate Rate Tmax Raw AC Rate

~15Hz ~0.15Hz| 2.2 ms ~ 400/day
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Dominant Background: Accidental Coincidence

“Isolated” S1 Not detected Modeling and suppression

A > |

Get lsolated S1/S2

Match into AC

“Isolated” S2

Not detected

Reconstructed |

AC event Discrimination

Correlation with HE

ST or S2 waveform

IsoS1 IsoS2 T... Raw AC Rate Model Evaluation
Rate Rate ‘1'

~15Hz ~0.15Hz| 2.2 ms ~ 400/day
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Dominant Background: Accidental Coincidence

“Isolated” S1 Not detected MOdeliﬂg and SUPPFeSSiOTL - )
_k—_r> ‘ /// 52 Time shadow:
Get Isolated S1/S2 $2prevl Atprev
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large S2
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Reconstructed |

AC event Discrimination |
- - Time
Correlation with HE \ High chance of delayed
electrons & lone-hits
ST orS2wavetorm  \ after large signals
IsoS1 IsoS2 T Raw AC Rate Model Evaluation ® Using time and position correlation
Rate Rate e with high energy peaks: reduce
¥ the AC by 2 order of magnitude at
~15Hz | ~0.15Hz 2.2 ms ~ 400/day 809% Signal acceptance 11
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Dominant Background: Accidental Coincidence

“Isolated” S1 Not detected Modeling and suppression
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Validation of the AC model

SRO AC ——SR1 AC I
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SRZ2 417.4 441 0.31
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Validation of the AC model
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Enhanced analysis with SR2
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e Yields modeling revisited

e IsoS2rate: 10% | Signal efficiency: 5% 1

e ~20% lower yields 14
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Enhanced analysis with SR2
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e Yields modeling revisited

e Improved event
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e ~20% lower yields 14
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3B CEVNS search unblinding results

Component Expectation Best Fit *B CEUNS EEMIAC " Neutron EENER $ Data
AC (SRO) 7.5=0.7 7.4+0.7 E ‘ ‘ | | | i w;"
AC (SR1) 17.8+1.0 17.9+1.0 00 100 CS;O;;E] e s el
AC (SR2) 14.9 £ 0.7 14.9 £ 0.7 t | | | | l . I I 1
ER 1.2+1.2 1.4+1.2 % . 8 1.0 0.0 1.0 00 02 8
o Cuaxtie ces2, /Atp
Neutron 0.8 (-0.5)(+0.4) 0.8(-0.4)(+0.4) % ggt I | i i \ ‘
Total 42.1 (-1.7) 42.4 (-1.9) - 25oo 8 1.0 0.0 1.0 0.0 0.2 0.8
Background (+1.9) (+1.9) E I | | Qe 51 807 i i l |10
8B(SRO) 3.2 (-0.9)(+1.0) 3.3(-1.0)(+1.0) _ o E o e r
3B(SR1) 6.0 (-1.6)+1.9) 6.1(-1.9)(+1.8) @ 25 new eventganomi)o::;;wera
8B(SR2) 7.2 (-1.9)(+2.3) 7.3(-2.3)(+2.1) o GoF test passed
Total éB 16.3 (-4.4)(+5.1)116.7 (-5.3)(+4.8) o Discovery significance: 2.3 0
Observed 9 (SRO) + 28 (SR1) + 25 (SR2) @ Best fit 8B CEvVNS: 17 + 5
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3B CEVNS search unblinding results

AC-like Signal-like

Component Expectation Best Fit °B CEVNS
AC (SRO) 75+ 0.7 7.4+0.7 T e =
< =
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8B(SR2) 7.2 (-1.9)(+2.3) 7.3(-2.3)(+2.1) o GoF test passed
Total éB 16.3 (-4.4)(+5.1)116.7 (-5.3)(+4.8) o Discovery Significance, 3.30
Observed 9 (SRO) + 28 (SR1) + 25 (SR2) @ Best fit 8B CEvNS: 17 + 5
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Probe the solar neutrino fog and BSM neutrino physics

SNO, 2013

XENONNT, 2024 @ B rate (53) x 10°%cm™%s~!, consistent

with SNO result.

XENONNT, 2026
—— .
(This Work)

| L ! ! L !
00 25 50 75 10.0 125 15.0 17.5 20.0

8B neutrino flux [10% cm—2s~ 1] on °B neutrino flux into BSM neutrino

@ Converted the rate (and shape) constraint

physics.

@ sensitivity mainly limited by the

XENONNT, 2026 uncertainty of light and charge yields.
(This Work)
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Search for light dark matter in the ‘neutrino fog’
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- Rate: free

- Signal detection
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- Signal detection
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Light/Charge Yield: g, ,,
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Search for light dark matter in the ‘neutrino fog’
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- Signal detection
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Xe neutrino fog Rate: 3.8% Rate: Free

(O’Hare, 2021)

- Signal detection
efficiency:15%

§)
DM mass [GeV/c?]

— Light/Charge Yield: #,, 7,

@ Doubled exposure — 10% increase in sensitivity @ 5 GeV

Nuclear recoil energy LKeV

@ Officially reached the ‘neutrino fog’! ==
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XENONNT Upgrade

SRO-SR2 23 ~50% 16 2.25

Upgrade 100 ~30% 50 ~1
What if improve the drift field:

M Signal: improved gain — lowing the

energy threShOId _ - g%g%g ggrlzlmissioning
M Background: reminary
I Shorter coincidence window M\_‘rﬁj .
ﬁreréUCQ;'gfel
M Better discrimination in S2 waveform Y enumetma
@ New electrodes installed 19
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Summary and outlook

e A blind search across three XENONnNT SRs yields a
3.3 o observation of °B CEVNS

o Officially reached the neutrino fog

2 & Closing the water tank
e ‘XENONNT 2.0’ 1s now commissioning! R i A (2026:156)

m Band containing 1 0 & 2 o of toy MC

Upgrade
SRO-SR2 and

Commissioning

SNO, 2013

XENONNT, 2024

XENONNT, 2026
(This Work)

! ! ! ! ! ! -
5.0 7.5 10.0 12.5 15.0 17.5 20.0

8B neutrino flux [10° cm~%s7!]

arXiv:2604.06002

(accepted by PRL) 2024 2025 2026 2027 2028 2029

P

Discovery significance / o
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https://github.com/XENONnT/cevns_data_release

Thank You for Your attention!

lkx21@mails.tsinghua.edu.cn


mailto:lkx21@mails.tsinghua.edu.cn

BSM Neutrino Interactions with CEvVNS

Gy = (g5 +3¢],")Z + (g% + 3¢f," )N)FV (Q?)

v gz:?

CEVNS Nominal Model " = 3G (igie . 2)

do  GEM (1 MT) 2 Generalized Neutrino Interaction
SR 2E2 ) 7V
. Gv = (g +26" + i) Z + (g% + " + 2/ )N)FY (Q?)
Gy = (9vZ + g{}N)FV(QQ)
gpzl—Zsinze ~ 0.02 - S S
V9 v Neutrino Charge Radius
n o _— 1 V2o
g =~ B A A e )
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Background Components

AC I sro smt sm2

il |

0 10 20 30 40 Expected # of Events
* Validated by AC-rich sideband  Flat spectrum at O(0.1)keV
* Uncertainty: 9% (SRO0), 6% (SR1), 5% (SR2) A conservative 100% uncertainty
NR: Nuclear Recoil Background 8B: CEVNS Signal
 Estimated using full-chain simulations * Yields calibrated using 83YBe neutron source
 58% uncertainty from sideband e ~35% uncertainty from yields and efficiencies

23
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Enhanced search with SR2 Bt

@ Bring the AC suppression selections into event building

Peak classification

Event building criteria

Peak classification (S1 and S2) and position reconstruction . . .
Calculate FOM, identify the peaks can and cannot trigger event(s).

Assign main S1and S2

e Previously, the FOM 1s mainly counting the
competing peaks

e Redesign the FoM by combining the time &
position correlation with HE peaks + small
peaks
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3B CEVNS search unblinding results

DM-nucleon og; [cm?]

DM-nucleon Umg [cm?2(MeV/c2)4]

10—41

10—42
10—43 -

10~ |

10—45

10—46 E

~

310736
(A): SI DM-nucleon scattering (B): SD DM-neutron scattering
- 10—37
J—— NE
Darkside-50 (2023) 410-38 =
i @)
1. .. <
__, 10 39 g
-
S
10—40 i
2
Xe neutrino fog
(O’Hare, 2021) €025, 10~41
I I I \ I
MNxo 2n _ 2n —40
*2z:-.__ (D): g*"-dependent o = (q/q0)*" 0y 10

~

~~-~
—
\\ —-___-

DM-nucleon oy [cm?]

DM mass [GeV/c?]
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