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Indirect detection

Prog.Part.Nucl.Phys. 119 (2021) 103865

Direct detection

NASA, https://chandra.harvard.edu/photo/2006/1e0657/

Astrophysical and Cosmological evidence:

Produce DM, walt for its annihilation,
Without dark matter, the night sky would be dark,

or detect the interaction of DM

and there would be no one to see It. with Standard Model Particles.
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 Jo-date no evidence for WIMPs so we have set limits
* Coherent elastic neutrino-nucleus scattering (CEVNS)

» Solar neutrino is the unavoidable background for DM

European Physical Journal C, 81, 907 (2021)

Symmetry 2024, 16(2), 201

scintillation

scattered

neutrino

nuclear
recoll

secondary
recoils

1014 —— ———— 107%° 100
~ -
o1 /Q | g 10-38 NEWS-G (2017) 102 Q
7 = % —
> Be c c
E N5 - O 10-40| CDMsLite (2018)\ |™\_DAMIC (2020) 104 2
108 n ;h\'\ | @] : 8
NQ % 7l |1 & N
g 1 B 0 104 -10°6 §
=) I e o O
£ s 8 O
= | N 9 G
£ 102 - | 1] L - 3 z
45» I/,:, DSNB ? 1046 L1010 O'.
Z %/:/ : \~ oz. Neutris =
10! E | R ™\ Atmospheric | = >
| | | \ ; sl L,
l E = N
l E N
L L
10~ ' ] ' ] S 10-50 _110-14
10! 100 10! 103 100 1ot 102 107

Neutrino energy [MeV]

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

dacheng.xu@columbia.edu

WIMP Mass [GeV/c?]



scattered

neutrino

nuclear
recoll

e To-date no evidence for WIMPs so we have set limits boson

* Coherent elastic neutrino-nucleus scattering (CEVNS)
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* Solar neutrino is the unavoidable background for DM~ « ¢ g
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e |Introduction

« The XENONNT experiment, detector characteristic
e Signal & Background
» Calibration in low energy nuclear recoil
 Background: Accidental Coincidence(dominant), ER, Neutron, Surface

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

Two-Phase LXe Time Projection Chamber (TPC)

o S51/S2 depends on particle type

~ time . . g .
, * Fiducialization (select volume
Eextraction "

\. _______ with the least background)

% A

drift time S 1 /f\ >2
(depth) / \\
Au_ ‘/ i\k 1
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S2

electronic recoils
p,v,v —ES

nuclear recoils

neutron
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‘ | , Drift : Sensitive Fiducial crr
e, \ Length Diameter Target Mass Drift Field

5.9 tonne
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Search for 8B CEVNS

Science Data ZZORE 222Rn
83mKl" 232-1-' AmBe
e Use Science Run 0 & 1: **YBe Y TAr
* 108.0 days (SRO0) + 208.5 days (SR1) =99 =
XENON
: : 250
 Fiducial mass: ~4 tonne B
= 200 |
* Exposure: ~3.5 tvy % _ sro SR
>
 Perform blind analysis — 6
 The features of data will be hidden oL
from analysts to ensure unbiased

Slgnal and baCkgrOUnd predlCthn Jun. Sep. Dec. Mar. Jun. Sep. Dec. Mar. Jun.

2021 2021 2021 2022 2022 2022 2022 2023 2023

&2 COLUMBIA UNIVERSITY 8

IN THE CITY OF NEW YORK



Signal & Background

Sig. Bkg.

» Discovery significance ~ S/ﬁ
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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

10
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NEST: Model Detector

oton + electron H

Excellent match betwee data
and model

+ Eit the NEST model wit \ the

88YBe data to predict the light
and charge yield in the BE

CEVNS energy range at the
XENONRNT drift field
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y2-fit H Low energy lines

+10 + High energy lines (excluded)
_ 800 +20 . - _ ] oo

37
2 Ar ol -
=] . 2.8keV | VR P
= 600 == noof ) o_\\—f N NG
— V/O qy@. Q'\/ 0(3/" {\z
o) % 9 O 0y’ 3o
— -~ VRN O
.2 ”/& i \‘z\ " O )
p ' A~ S U\{Q
S 400 *
—
&
O |1;’.El)m}i)e1
‘ 11 3.9 keV
hook  91=(01514=0.0014) PE/ph c

_ Jgo= (1645 l ' a vV
> JLOUI |
(D)
S
o]
)
<
-
i
0)]
(b)]
e

Science Run

SRO

0.1515 +£ 0.0014 16.45 + 0.64

SR1

0.1367 = 0.0010

16.85 + 0.46

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

dacheng.xu@columbia.edu

700

600

500

400

Charge Yield [PE/keV]

200

[
n 100

----- x? Fit
- Energy Lines

|
2

9 -6\ B V,\l‘ = \ YERIAR
P o o0d .
g Preliminary
|
|
| N
I @ g
| 2o 6‘59\&

71 = (0.1 10) 1 “ g)y&q ~.
> e R B fes®

3 | |
< 20 |
|
Y 6.0 6.5 7.0 7.5 8.0 | 8.5 9.0
Light Yield [PE/keV] ]
e Sl =g X n, (photon detection efficiency)
. 52 = g, X n, (charge amplification)

13



8B CEVNS Signal Region of Interest

# of S1 hits spectrum ¢ S1 efficiemcy'1 0 m— S72 spectrum == = S2 threshold
. T
) 4 S L |
|
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> © oL |
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— rs £ 4F |
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0.4 2 3F
> 1 S = 3 |
[1] 0 |
M 2 [
0.2
1 L |
|
| | | | 0.0 0 L | |
2 3 4 D ' 100 200 300 400 500
# of S1 hits S2 [PE] Use in Inference
S1 Range: 2 & 3 hits S2 Range: 120 - 500 PE

* 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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8B Rate [/t/y]
(N o > @) @))
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. BO L 214Pb - 136Xe . 124X6 L 83mKr
{ Data Kr —— Solarv -— Materials — '¥3Xe 1 2 <|1
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:s‘ 60 80 100 120 140 T2 4 6 8 10
- Energy 'keV] Averaged photon yield [ph/keV]
Science  CEvNS ROI CEVNS ROI Final background prediction (conservative):
220
Run ( Rn Model) (NESTV2 Model) o SRO 01 3 + 01 3 EventS
SRO 0.13 -0 « SR1: 0.56 +0.56 Events
SR1 0.56 ~0
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o1
8B FV mass ~ 4t

0 —HHESF\/Z ------ WIMP FV * A 10_; Neutron backgl.:*ound 0.1? [t~ lyear—1]
=20 \ 4107° _
—40 T 6x107)
ooE 8 -
— —60 S 2 4x1073
5 10-6 5 =
= —80 E g 3% 1073
~100 SR _
9 S 2x1073
~120 0-7 % &
—140 5 Péreliminary
0 20 30 40 50 63 0 00 300 400 500
R [cm] cS2 [PE]
* Rate estimated by full chain simulation Final background prediction:
* Uncertainty is determined with sideband  SRO:0.13+0.07 Events
data tagged with Neutron Veto « SR1:0.33+0.19 Events
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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 _ o Bi (" « Bi (" « - :
% 107 5 27m82Pl2)14 b szpﬁmf: T SZPIZ)% /’ 1o
” 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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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)




¢ HES1 e HES2 . IsolatedS1 =« Isolated S2 - Unknown Peaks

6
10 0.5 .

) — Signal

= 104 —— Isolated S1
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fd ) : 04_ Preliminary

§ 10 ' _

\\\\\\\\\ :D: i
< 0.3

— , Q
g {«——— Dpeaks in data -IC-’U
= % 0.2

z S2 Time Shadow = iig: uniformly injected signals
E 3-hit threshold: 0.038
E 2-hit threshold: 0.010 0.1r-
5

0 50 100 150 200 ' 104 103 10-4 0.1 1 10
Time [ms] Szprev/AtpreV |[PE/ns]
Use in Inference
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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%

- 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

2[6

- = My iy Ly ol . AC =
— 15 102 & — 15 Wi = s Signal === Background
—_ — = - 2 4
S § S 107 c 0.175
LN LN (@)
:_C: 10 o E 10 O 0150
S 10t 2 | 101 5 |
= 5 L = 5 B
~N ~N 5 0.125
7] B Vp) o
| | 10° - 107 % 0.100
—100 -50 -100 =50 =
Z naive [cm Z naive [cm
e ST 2 0.075
[ Signal(Validation) [—_1AC(Validation) {_7!AC(Test) =
Signal(Training) AC(Training) g 0.050
=
o
Z 0.025
0.000 |

10 » Reject 90% AC i

R Accept 80% 8B Signal | 1

] ] |
0.2 0.4 0.6 0.8 1.0

00 02 04 06 08 1.0
S1 BDT score Use in Inference

 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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Provide High AC Counts to validate the framework

K-shell EC (2.82 keV)

L-shell EC (0.27 keV)
Rarely detectable S1

Dataset Predicted

ACSideband

&2 COLUMBIA UNIVERSITY
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“ |l Expected
“ ¢ Observed
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L&\
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R i
0 % g

r : .n Iy ° | | I
d 30 0.0 2.5 5.0

Counts / PE
.

-2 0 2
o-deviation from expectation
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Determine Systematic Uncertainty
| WA
Sl Sl SR 250} L * { |
= 200 [ g 125
AC Rate|[/t/y] E{ o g 100 |
| SRO 6.37 = 1
------------------------------------------------------ 2 100} ¢ :
L SR1 7.58 = ¢ M 50 F
““F ACSideband ROl oof 25
. O'éDTscorOe'G o H0 0.0 072 0f4 Of6 018 1.0 0.0 0f2 of4 076 078 1.0
Quantile of ¢S2 Quantile of S2 / At
Unblinding shows within 2-sigma, use  '°f } skt | 1]
the statistic uncertainty of ACSideband _ [ S I .
to be the systematics = ool 2 100}
: % - ?) 75 |
Dataset | Predicted | Observed| p-value (4D) Relatl\_le S 5ol S 501
Uncertainty
25 | 25
SRO | 1227 | LI 033 | 2.0% b N I
SR1 | 3025 | 326 0.25 5.8% " Qailentil BlLis  OnaslealWESIThees
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ER
NR

8B

AC: Accidental Coincidence BackgroundER: Electronic Recoil Background

 Validated by AC-rich Sideband  Flat spectrum at O(0.1)keV
* Uncertainty: 9% (SRO0), 6% (SR1)  100% conservative uncertainty
NR: Nuclear Recoil Background
* Full-chain simulated * Yields calibrated from 8YBe neutron source

 58% uncertainty from sideband « ~35% uncertainty from yields and efficiencies
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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
dacheng.xu@columbia.edu
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T 3’Ar HEEAC ¢ Data
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w
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Quantile of S2 BDT score

Extended binned likelihood with 3% = 81 bins
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Sig. Bkg.
Inference and Result 26
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Component Nomi"a_“ BaCkgl‘O_und +
Expectation 8B fit
AC - SRO 7.5+0.7 7.4
AC - SR1 17.8 £ 1.0 17.9
ER 0.7 £ 0.7 0.5
NR 0.5+0.3 0.5

Total
Background

8B

Observed

8B CEvrNS B AC

Events per bin

Unconstrained fit SRO
Neutron M@ ER ¢ Data

7.5
5.0
2.5
100 200 300 400 500
cS2 [PE]
5.0
2.5
0.0 0.2 0.4 0.6 0.8 1.0
Quantile of S22 / Atpre
7.5F
5.0 F

2.0

0.0 0.2 0.4 0.6 0.8 1.0
S1 BDT score

7.5
5.0
2.5

0.85

0.90
S2 BDT score

0.95 1.00

Unconstrained fit SR1

8B CEvrNS B AC
15

Neutron MM ER ¢ Data

10

9)

100 200 300

cS2 [PE]

400 500

20

10

0.0 0.2 0.4 0.6 0.8 1.0
Quantile of S2pre / Atpre

15
10
D

Events per bin

0.0 0.2 0.4 0.6 0.8 1.0
S1 BDT score

15
10
9)

0.80

0.85 0.90
S2 BDT score

0.95 1.00

The significance of the solar 8B neutrinos via CEVNS in XENONNT at 2.73¢
1/300 chance to be fluctuated background

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

dacheng.xu@columbia.edu

29



" SB CEpvNS
1.0

0.8

0.6

Quantile of S2 BDT score

.0
0.0 0.2

BN AC

0.4
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0.6

Neutron

0.8
Quantile of S1 BDT score

B ER

Quantile of S2 BDT score

" SB CEpvNS
1.0

0.8

0.6

dacheng.xu@columbia.edu

BN AC

0.4

0.6

Neutron

0.8

Quantile of ¢S2

B ER

1.0
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SNO, 2013

XENONIT, 2021

XENONNT, 2024
(This Work)

68% CL threshold

Test statistic g,

0 5 10 15 20
8B neutrino flux [10°% cm~2s7 1]
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SNS

Solar

 Assume the CEVNS cross-
section predicted by the SM

 Or assume the solar 8B
neutrinos flux measured by SNO

COHERENT |
HH  Csl, 2022

He— Ar 2021

XENON

——— Xe, 2024 (This Work)
! Xe, 2021

10—39 10—38 10—37

Flux-weighted ocgyns [cm?]
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(A): SI DM-nucleon scattering
102 F (\\ .
E ‘~-~-_____________Pffksme-so (2018)
= 1013 * Another study based on same data
S
= andaX- -on " . .
S 104 \ ~20daX AT S2-only (2023) * First Search for Light Dark Matter in
: BN ENON TS the Neutrino Fog with XENONNT
Ecl:l 015 , | Y(2019)
A 0Ny  arXiv: 2409.17868 submitted to PRL
1046 Xe neutrino fog b'S Weo I —y
O’Hare (2021) k) LZ (2025
4 6 8 10 12
2
DM mass [GeV/c“] Mainly by
Shenyang Shi
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A

Super-Kamiokande

XENONNT:

~The Smallest Solar Neutrino Detector

KamLAND
1000t
e " XENONNT

5.9t

¥
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Inverse p Decay
v-e in H,O/D>O
»-N, NC Inelastic
v-e in Liquid Scint.

p-N, CEDNS * Check our paper online:
SN _SNO+

Super Kamiokande

Homestake Kamiokande II

* Phys. Rev. Lett. 133, 191002

KamLAND

Galle'GNO * With more exposure, we expect to
___SAGE  ———— measure the solar 8B neutrinos at
higher significance and to better

constrain its flux.

(Fiducial) Mass [t]

Thanks for listening!

1970 1980 1990 2000 2010 2020
Year
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% Observed discovery significance
—e— Median discovery significance
™ Band containing 68 % & 95 % of toys

e Check our paper online:
* Phys. Rev. Lett. 133, 191002

* With more exposure, we expect to
measure the solar 8B neutrinos at
higher significance and to better
constrain its flux.

Discovery significance [0]

0
0.0 2.5 5.0 7.5 10.0 12.5 15.0 ’ y |
CEpPNS exposure [t x yr] Tl/lawhs “COV LLStBWLV\'@ :
Year
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Supplementary



e |Introduction 200 GeV WIMP

BN ER B Wall B AC 0 WIMP SB CEVNS

« The XENONNT experiment, detector
characteristic

» Signal & Background

» (Calibration in low energy nuclear
recoll

 Background: Accidental
Coincidence(dominant), ER, Neutron
Surface

e Inference and Result

cS1 [PE]
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Preliminary

Science Run: Start

Rn distillation: Start

\O)
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—
1€
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|

|
:IE

—_
(@)

) -
T—-

Q\:.-

electron lifetime [ms]

———l

S

T ‘\
~

‘*\

222Rn

Purity monitor —— Empirical model ¢ 8™Kr ¢ 222Rn

SR

G-etter b3-7pass: S-tart
G-etter b3-7pass: E-nd

XENON

Preliminary

Electron lifetime [ms]

Purity Monitor, 68% quantile

83mKr — — Fitted line

37AI"

OA__________

L

.Q%

N

\
&

sg
L'
e
L ERE R
e =
_ 4 i
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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
o 1074 Y
O —
k= @ 250 | XENON
o is 3
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
L T X S X A S X
0 0 0 0 o 0 o o o
WIMP Mass Mpy [GeV/c?] Yo, %, ‘3‘0\, V)\Oy S0y ¥, o, U?OY Pos

Time [YYYY-MM, UTC]

Both SR0O and SR1 data are used to search for
solar 8B CEVNS and WIMPs Dark Matter, etc
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Test the mode with AC-rich datasets

* Build events longer than the TPC, thus
build Pure-AC events

Pass all selection

* |In high rate calibration data
In-ROI

 |n science search data, select events
which only failed anti-AC cuts:

ACSideband
Fail Anti-AC cut

AC Sideband
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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
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SNS

Solar

= Ehi|

COHERENT |
H-:-I CslI, 2022
—+— | Ge, 2024 10°
|—:—0—| Ar, 2021 tfg E
XENON (R T (3 AN SN
|—0-i—| Xe, 2024 (This Work) 8'c;> ; |
. L Pt 5 L E
! | Xe, 2021 - [ . s
‘ lllllll [] lI llelllll [] [] [] lllllI 05 10; // ;Ar ;
10-39 1038 10-37 '.g = /. Na i :
7 f §
Flux-weighted ocpons [cm?] o 1= ; e g
< = :[— sNs, Fr=1
1 1 I I | 1 1 | I l 1 I ] ] l 1 ] ] 1 l 1 1 ] I l 1 1 I 1 E E E ‘_SNS
810—1 AC L :
T Vi (%’ § i — Solar
E g : |— Reactor
—N %1 0-2 (3 T R ................ e R § COHERENT |..
— x | v xenon
™ i : : g : : || ¥ CONUS (Ge)
107 g f R O B R S — LY _CONNEE (Si) |~

PRI | SR SN N PR ‘Hﬁl‘l"lml'lhl

50 100 150 200 250
neutrino energy (MeV)

AR A NJE R & N AN AR.VYY E N7 AW

0 10 20 30 40 50 60 70 80 90

Neutron number Figure credit: Kate Scholberg
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& HE S2 Peaks «» Isolated S2, Removed

Y [cm]

Cut threshold set to remove the worst 20% of time & space
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N XENON

XQIiminary

« Isolated S2

e Isolated S2, i’assed 1§

Eg I

0.1

0.1 -

al £ .

= |

G B i

e

1073 ¥ S 107

b) = -

= S

10~4 — 104

Q\ :

v [

—5 &
10 10755
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50-perce .

' !
O-percent area range

Percentage (%)

0.02

0.00

&2 COLUMBIA UNIVERSITY
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E == 9% quantie
: w== T3% quantile

area range

i S2 width
Risetime: 10%-50%

| |
¢ ArlL-shell S2
Waveform simulation |

Percentage (%)

o
o
Y

s2 range 50p_area [ns]

0.10

hell EC ((.27 keV)

0.08

0.06

0.04

0.02

0.00

| |
¢ ArlL-shell S2
Waveform simulation

i

t

Percentage (%)

LEN P ¥ ¥ PN

10000
s2 _range 90p_area [ns]

Simulation & data match well

0.14

0.12

o
=
o

o
o
s3]

o
o
o)

o
o
nY

0.02

0.00
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| | |
¢ ArL-shell S2
Waveform simulation |

“.’rilflrfttf
5000 10000 15000 20000 25000 30000
s2 rise_time [ns]

Simulation include the microphysics,
detector physics, PMT&DAQ response to
get events.

S2 width (50%) [us]

Ao

xenon-fuse 1.3.0

pip install xenon-fuse (@

—— Fuse Rn?20 data

Drift time [ms]



% (Signal) -~ 10° « Split datasets to prevent
n - n
= =
E 15 102'§ ,'_'5_ 102 & [—1Signal(Validation) ] AC(Validation) i___!AC(Test)
: Si 1(Traini AC(Training)
tSOp X 1 / Tdi’lft % 10 § § § ignal(Training) (Training
5 101 3 S 1(&) 10
= 5 0 = L ;
N o~ !
n n 1E
' - 10° — , 10° 5
~100 —50 ~100 -50
Z naive [cm] Z naive [cm] D 0.1
< i
1st: 50-percent area range Ath: Drifttime 10-2 |
1073 |
0.2 0.4 0.6 0.8 1.0
2nd: Risetime 3rd: 90-percent area range BDT score
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ccccccccccccccccccccccc

2.0 2.5 3.0 3.5
t_area

bl

# of hits from Top Array

—————

nnnnnnnnnnnnnnnn
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centage (%)

0.6 1

0.0 1

SSSSSSSSSSSSSSSSSSSS

2nd: Mig_Time between hits

= Accidental background , sr0

= Accidental background, srl

4th: total #

™~

s1_min_diff

== Accidental background, srO

= Accidental background, srl

sl n_channels

dacheng.xu@columbia.edu

=== Signal === Background

T S N |
0.125 , e
S R D S

Normalized distribution

0.000 |

I I
0.0 0.2 0.4 0.6 0.8 1.0
S1 BDT score

 Trained with IsoS1 vs.

Simulated 8B S

e Utilize this discrimination

power in the inference. So
do the remaining parameter

space of the TimeShadow
and S2BDT cut.



Preliminary
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Stability of XENONNT During Science Runs

Background 58YBe 232Th 222Rn  --=-- Top PMT array
BAmEp 220Rn ey AmBe —— Bottom PMT array

2.04

2.02 I |
2 2.00 | ~
L
X 198F . (\lal*
S:.' ’“| 8 *EIT "l
‘ C.—U| 1 96 | l,l 1“ . \.\\ " T\. :' :I“ *: |||
— -'I ||‘ l', .—‘!“ ”l \‘\ :' \"'\ ,.: i“l ;‘: |‘|
- “‘," ‘\ :'I “\ | B ‘\ :" “\ ,’l A “, E“E |'|
Cl_q 1.94 - . '\‘ A e \\,F \“ ,. ‘\‘ :" ‘ “| /Fi l'. " ™
i “\ " ¥ i 1l . S " / \r‘,“\ . il
s 1.92 |- v 'u' i / "‘ }.‘l ’I": / r‘, \h/ \\
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1.90 | : "

minary " \'I
1 g L ! | | | NN | | L
I\ Q' O AN oY \fe Q0 Q' o
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Time [YYYY-MM, UTC]
Stability of XENONNT is well established in both SR0O and SR1
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