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Neutrino Fog

e Solar neutrino is the unavoidable
background for DM

* First step into the “neutrino fog”

scatte.red
neutrino

recoll

Coherent elastic
neutrino-nucleus
scattering (CEVNS)

D. Akimov et al, Science 357 (2017)

’secondary
o recoils
scintillation
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Neutrino coherent scattering
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* |ntroduction Please also see the talk by Jaron Grigat!
(https://indico.cern.ch/event/1335188/contributions/6177615/)

« The XENONNT experiment, detector characteristic —
» Signal & Background

» (Calibration in low energy nuclear recoll

 Background: Accidental Coincidence, ER, Neutron, Surface

e Inference and Result
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Two-Phase LXe Time Projection Chamber(TPC)

2 time
\ | Eextraction
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drift time
(depth)

e 3D position resolution via
light(S1) and charge(S2) signals

o S51/S2 depends on particle type

e Fiducialization

time

—>

electronic recoils

nuclear recoils
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23 V//cm

5.9 tonne
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Sig. Bkg

Signal & Background

. Discovery significance ~ S/\@
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Calibration with Neutron Source: 88YBe
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NEST: Model Detector

extraction -

I O
- a @ 6\'L® _ )
s ey \O recombination
R X T

Excitation ., . de-excitation
> AE- > S ‘]
+ Mob- quenching
. 2n
Energy Deposit Heat

Excellent match between data
and model

Fit the NEST model with the
88YBe data to predict the light
and charge yield in the 8B

CEVNS energy range at the
XENONRNT drift field



8B CEVNS Signal Region of Interest

# of S1 hits spectrum ¢ S1 efficiemcy'1 0 m— S72 spectrum == = S2 threshold
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* A hit usually corresponds to a photon « S2 threshold of 120PE is used to
hitting the PMT and is recorded by our reject high isolated S2 background
DAQ and software
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Sig. Bkg.
-

appletree 0.5.1

pip install appletree @

Efficiency
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Electronic and Nuclear Recoil Background:

_ BO L 214Pb o 136Xe . 124X€ . 83mKr
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Final background prediction: Final background prediction:
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e SR1:0.56 £ 0.56 Events e SR1:0.33+0.19 Events
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Accidentally pair S1 and S2 peaks

1
Nic= | Rg(0) - Rp(0) - T,
lo
In low energy NR ROI: (51 2/3 hits, S2 from few to dozens electrons)
Sig. Bkg.

23 V/om drift field
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Iso-S1 Rate Iso0-S2 Rate T max Raw AC Rate

~ 15 Hz ~ 0.15 Hz 2.2 ms 5 mHz (~400/day)




Suppress isolated peaks & Simulation

|Isolated S1: 15 Hz —2.3 Hz

wemm [SOS1 SRO 2.34HZ ====1s0S1 SR1 2.21Hz

o After the time-space correlation

cuts, the majority of isolated peaks
= os| is removed.
R  Signal acceptance ~ 75%-85%

g e e Then we run Data-driven simulation

s to get the background prediction
|Isolated S2: 0.15 Hz — 25 mHz

AC Rate

E ] |
% Data = > Pair > i“lfggt‘;‘? —»Apply Cuts'>AC Dataset——> Mﬁgel
§  Isolated —

S2
axidence 0.3.1
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Gradient Boosting Decision Tree
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 Trained with AC vs Simulated 8B
 Also use the S1BDT score and
S2BDT score as inference dimensions

BDTscore Jse in Inference
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Determine Systematic Uncertainty
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Sl Sl SR 250} L * { |
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Sig. Bkg.
Inference and Result H
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Unconstrained fit SRO

8B CEvrNS B AC

Neutron HEMER ¢ Data

Nominal Background + 7.5
Expectation 8B fit 5.0
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The significance of the solar 8B neutrinos via CEVNS in XENONNT at 2.730
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SNO, 2013 10" == pp [+0.6%)]
"Be [+6%]

XENON1T 2021 L E
= pep [£1%)]

8B [+12%]

XENONNT, 2024
(This Work)

|A?'r/|’1

Neutrino energy (MeV)
e Assume the CEVNS cross-section
predicted by the SM

Test statistic g,

e Constraints on the solar 8B neutrino

+3.6 6 5 ot

8B neutrino flux [10° cm—2s71]
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| = Inverse  Decay Super Kamiokande
[ == p-ein H,O/D,O
10% = p-N, NC Inelastic

[ = p-ein Liquid Scint.

| = »-N, CEDNS
= oN SNO+ .
o 10°F  Homestake Kamiokande II —— | * Check our paper online:
czmd - KamLAND
= N * arXiv: 2408.02877 accepted by PRL
. Gallex/GNO
O 102 F —_— Borexino
= : SAGE — .
= * The smallest solar neutrino detector!

10 F
; XENONNT
, ’
U S Thanks for Listening!
1970 1980 1990 2000 2010 2020
Year
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Preliminary

Science Run: Start

Rn distillation: Start
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O
N\
Time [UTC] Date (SR1)

XENONNT maintains high electron lifetime thanks to its
novel liquid phase purification

Turn-around time of 0.9 days for entire 8.6 tonnes

About 90% of the electrons survive the full drift

dacheng.xu@columbia.edu



Background 220Rn WM 222Rn mm GAr
o 83mir - 2327h AmBe Maintenance
88yBe 88y & distillation
e e (S1-only)
o 1 1 0 sensitivity 2 0 sensitivity
o 10743 350
2 R
X 300 | e
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s 10 © 200 -
0p) —
2 =
8 o
&) 10—46 a-. 150 -
(€]
= 2
Q ©
D £ 100 -
O
S 10747
= o |
S
E 10_48 0+ =1 ] — ] ' T = T " 1 ‘ —T
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0 0 0 0 o 0 o o o
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Both SR0O and SR1 data are used to search for
solar 8B CEVNS and WIMPs Dark Matter, etc
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5 131my o 5
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_ g, = (16.45 4+ 0.64) PE/e 236.2 keV gymp, g1 = (0.1367 +0.0010) PE/p
> . . . 41.5keV 100L  92=(16.85 % 0.46) PE/e e
= — ! ! ! ! !
0 25} e
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Light Yield [PE/keV] ?
e 6.0 0.5 7.0 Tt 8.0 8.5 9.0
Light Yield [PE/keV]
Science Run g1 [PE/ph] g2 [PE/e]
SRO 0.1515 = 0.0014 1645:064 | ¢ 91 = g X n, (photon detection efficiency)
SR1 0.1367  0.0010 16.85+046 | * 92 = 8 XN, (charge amplification)
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o1

SRO CEVNS-search Surface Background SR1 CEVNS-search Surface Background

| === Model (90% C.I. Sys) | === Model (90% C.I. Sys) .
e Data 10&11 hits (90% C.I. Stat) e Data 10&11 hits (90% C.I. Stat) |
5 101 - ** R=60.15cm ” 101 - «+ R=59.6cm :
© 4 Rn
4&: 3im 84P() . /84P0 _ 84Po 1384 / : -
0 _ @ Bi [ o Bi [ « o :
% 107+ 27m82Pl2)14 b om szpﬁmf: T SZPIZ)% /’ W
” Preliminary J I I | E Preliminary
10_1 | AL | I 10—1 - T I T
56 58 60 62 64 66 56 58 60 62 64 66
FV max radius [cm] FV max radius [cm]
A radial cut is placed to reduce the Final background prediction:
background on the inner surface of the PTFE « SR0:0 (<0.12 Events), R, . = 60.15cm
panels . SR1:0(<0.23 Events), R, ., = 59.60cm
A negligible component in this analysis
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¢ HES1 e HES2 . IsolatedS1 =« Isolated S2 - Unknown Peaks

§
10+ & 0.5k |

T G — Signal

= 104k, T —— Isolated S1

R [

< |y, i 0.4r "

%Q 102 \\\\\\\\ Preliminary
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\\\\\\\\\ D I
! - < 0.3
— , Q
g 1k e peaks in data =
o % 0.2
§ 0.1 S2 Time Shadow = iig: uniformly injected signals
g 3-hit threshold: 0.038
é 10—2 2-hit threshold: 0.010 O]._
=
’ 103 0.0 e ETETTY! BRI AT B, o
0 50 100 150 200 ‘ 104 103 10~7 0.1 1 10
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Also use Shadow as an analysis dimension in the final inference
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Provide High AC Counts to validate the framework

3 ;3
~40r || = Expected
& $ Observed
g 20
K-shell EC (2.82 keV) S
© 0
L-shell EC (0.27 keV) 350
Rarely detectable S1 u
2300
N o
Dataset Predicted 2 -
250
.:. L :.
‘e i 2 A S
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 408 15 30 0.0 2.5 5.0
ACSideband 349.7 366 S1 [PE] Counts / PE
B 00 I B |
-2 0 2
o-deviation from expectation
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(0.27 keV)

&

L-shell Electron Capture

S1 Rarely detectable

600

500

400

300

Events per bin

200

100

Test statistic g,
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cS2 [PE]

XENON

Preliminary

Events per bin
N
=
S

0.0 02 04 06 08 1.0
Quantile of S1 BDT score

3.0 3.
Ly [photons/keV]

4D GoF p-value: 0.7
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Extended binned likelihood with 3% = 81 bins
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Component nate
[Events]
AC - SRO 7.5 +0.7
AC - SR1 17.8 +1.0
ER 0.7 £ 0.7
NR 0.5+0.3
Bac-ll;(;trilund 26.4+1.4
8B 11.9+45

Asymptotic discovery significance Z

--- Median discovery significance

------- Pure counting (median)
(I) ? ? ‘IL ? ? ™ Band containing 68 % & 95 % of toys
Background-only toy data 1.0
[1Signal + background
[
4
a
: )
| )
| o
| @
i -
| )
>
| o
| O
! A2
! -
|
|
|
) i !
0 10 20 30 0 1 2 3 4 5 6

Discovery test statistic qo Discovery significance [0o]

We expect to see solar 8B neutrinos at >2(3)o significance
with a probability of 0.80 (0.48), with a full 4-D analysis

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

dacheng.xu@columbia.edu 28



(B): Light mediator my <« 10MeV/c?
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