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XENON Dark Matter Project 3

15 kg 161 kg 3.2t 8.6t 50 t

XENON10 XENON100 XENON1TT XENONNT

Exposure

BG index



XENONTT at LNGS (2016-2018 4

v I N

“iy-shallen
. X3 0

LNGS hall B
700 t
1500 m overburden pure water Cryogenics
(3600 m.w.e.) land purification
84 =1 F
8“ PMTs
DAQ and
Cryostat i slow control

Ly

! Krypton
i distillation

% Water Cherenkov
f“/ muon veto



Dual-Phase Time Projection Chamber

Scintillation and ionization:
* Prompt light signal (S1)
* Secondary light in GXe from drifted charges (

time
GXe » Position reconstruction (x, y, z), calorimetry (E)
Gate + and interaction type (ER/NR)
Anode 1
Hl ER W Surface Neufron I AC W WIMP
drift time 3000
Lxe (depth)
Edrift 4000
N > 2000

CSZb [PE]
o
S

particle
400

PMTs 200
L. AlthUser




L ow-Energy Electronic Recoil Excess 6

. 2l4pp ---- Solar v -——. 83mKyp

133 124x¢
--- Materials 131my e —— By

- 1251 I SR1 data
I I I I I |

Phys. Rev. D 102 (2020) 7, 072004

—
@]
'S

SR1 (226.9 days)

3 120 . , , ,

L0 | Excess between 1-7 keV
E 80 ‘ ‘ I I l l | e« 285 events observed vs.

: 5 60 I I H—hl ‘I‘r“ 232 = 15 events expected

bl 5 | | | from bestfit background

[ - ] *+ 3.3ofluctuation from

. | ERARIENE) ; g g | I S Poisson counting

A e b_z: .« «.."." .| + Unbinned likelihood ratio

% 0 5 10 15 20 25 30 tests for signal models

E Energy [keV]

" ] L ] ] ] ]
0 25 50 75 100 125 150 175 200
Energy [keV]



Possible Known Physics Origins 7

* Mismodeling of detector threshold Unlikely or B00r ]
* Instrumental backgrouna cannot account > 600 | L |
* Binning artitacts for size of the %4400_ [ 1 _
* Simulated shape of background spectra excess. 5
e 37Ar from an air leak 2001 — Bestit ]
o o . . . I SRI1 %29Rn data
* Tritium (3H) from cosmogenic activation, o
leaks, emanation from materials... e R :
2 |
0 é éll Eli EI% 1IO 1I2 1I4
(a) Tritium Energy [keV]
140_ I I I I I
S 1207 Bosonic Dark Matter or 37Ar?
© 100} Tritium signal )
N Monoenergetic peak at 2.3 + 0.2
Z 80 favored over
3 keV tfavored over background-only
5 60f background-only at
D at 3.00 (global)
m 408 3.20
201 Leak would need to be large and

0 5 10 15 20 25 30 can be constrained with 85Kr!
Energy [keV]



Solar Axions or Solar Neutrinos? 3

140 —— He: By e ABC axion .
; | | | | | | ' 120k Hq: Bg + axion oo 57Fe axion _
<  eneea Primakoff axion
20 F Gan = — 11990, + Gan - % 100] | Solar axions favored
> N : | i
— e %ﬂlﬁw over background-
- 2 60} -
> 15 F Primakoff « gayzgae2 — § l I_ Only at 3.40
ﬁ m 40 1 .
::>§ 57Fe « (gggf)Zgan 20 7
10} - :
O 140
-IC_U) 120 ~
< = Axion + 3H
=l AL tavored over 3H
| | % 60 ! [ T hypothesis at
90 25 50 7.5 100 125 150 17.5 20.0 o 40 2.00
Energy [keV] 201 )7
).
» 3 solar axion components measured via 1o . .
. . o 120 Neutrino magnetic
axioelectric effect % 100
o . | o} moment favored
* Finite neutrino magnetic moment s %
| - | 3 " 2 60 over background-
P )
ension with other experiments and astropnysics 2 10 only at 3.20
* Need more data to distinguish tritium and BSM 20 |.

S| gna |S Energy [keV]



XENON1T Low Energy Nuclear Recoils

1.0

Non-standard

* Energy threshold driven by S1 coincidence criterion: light in at
least 3 PMTs to suppress accidental coincidences

0.5

* Reanalysis of dark matter science data with 2-PMT threshold 32 0.0

e Solar 8B neutrinos and non-standard interactions
—0.5_- XENONI1T

* Low-energy detector response (= how much signal is visible) EEN COHERENT Cl[Naj 2017
COHERENT LAr 2020
e Low-mass WIMPs g ol
—1.0 —0.5 0.0 0.5 1.0
£6e

T 1073 - _— .
c Phys. Rev. Lett. Projections of 90 % confidence volumes
O —36 _| . .
= 10 126 (2021) 091301 for different sets of external constraints
.f:’ 10-38 - | | r | |
O :
v | Qy + Ly
T 10740 {4 S2-only Migdal |
S N — i
5 10742 - 7 |
° 10 S2-only NR \\\ 8B o |
@ 1074 - 5 XENON1T
5 S1-S2 2-fold N S + Qy + Flux
g 10_46 7 E \\-—
= S1-S2 3-fold NR i
D 10_48 L LELIL | ! | ! |

0.1 0.3 1 3 10 30 100 300 1000
Dark matter particle mass [GeV/c?]

XENONI1T
| | L1

5 §) 7 8 9
Ly [ph / keV] (Flat)




Upgrading to XENONNT 10
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 Liquid xenon purification

» Radon distillation column
* WIMPs, low-energy
excess, OvRp, ....
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— Sensitivity (90% CL)
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XENONNT Time Projection Chamber

11

* Total xenon mass 8.6 t with 5.9 t active mass
e 4.0tfiducial volume tfor WIMP search

e 494 PMTs

e 1.5 mdrift, 1.3 m diameter

Outer vessel

Inner vessel

Diving bell

Outer vessel flange

Top PMT array

Top electrode frames

HV feedthrough

Guard rings

Field shaping wires

Blocking and sliding
reflectors

Bottom PMT array

Bottom electrode frames




XENONNT Neutron Veto

12

* Gadolinium-doped water Cherenkov
detector with 0.5 9% Gdy(SO4)3

e Optically separate inner region of existing
muon veto

* 120 additional PMTs

* Projected 87 % neutron tagging efficiency

- = Muon veto PMTs

Support structure

Cryostat and TPC

Neutron veto PMTs

Neutron veto reflector

——
—l

S5m




XENONNT Liquid Puritication 13

10*F Low-Rn Q, Filter - - 7
| e +' Preliminary
Data (purity monitor) = XENON
Model — e ———
é‘ | .,...- e —T T
) | /;-""‘
E i
= -
G i
3 "
v
= / Parameters
*:_:’_, A // LXe mass: 8620 kg
é‘f | O, outgassing: 0.08 mg/d, bast’
(/ Filter cfficicncy: 60%
Crvogenic LXe Purilication (2.1 LPM) 1
X GXe Purification (78 SLPM)
10% 2 4 6 3 10 12
Time [d]
XENON1T: 0.6 ms ~ 0.9 x maximum * High purification flux for removing electronegative

impurities: 2 | /min LXe = 350 kg/h

drift-time with gas-only purification
* Low-Rn filters for science data taking

e Achieved electron-lifetime of 7 ms



XENONNT Radon Distillation Column

14

Radon-free compressor

as heat pump

» Constantly remove emanating radon from

xenon using difference in vapor pressure

e Remove radon faster than it emanates and

LN2/Xe heat
— ) decays
3 ~ exchanger L . . .
N S b 9 * Liquid xenon inlet and outlet with 0.4 |/min
n\..., s (Bl prn Xe =~ 70 kg/h
| : | —l— Xenon 6 o
| RAD distillation:
L_ i i Y = — _ LXe only
~ Radon N
o = Za Sources inside
= g detector x
0 . Reboiler and 3 I Gas extraction
Xe/Xe heat 2 from cryogenics
exchanger 57
| % Prelimina
| XxenoN
/ T o——
0 5 10 15




XENONNT Commissioning

15

Intensity [PE/ns]

Ampwlwde fpemns]
o 7 o
" A “w ~n
A A A ' A A 'S A A

Amp \'._!ude ";acwl.-:;

. Feb. 2021: First light
I T in gas without field

2 4 4 Prelimina ry
.. J ‘LI\\L'\“_iENON

S1 + S2 event in dual-phase with fleld

Malnw'Alt 31 MokvAR 82 Top array

3 | .
: |
51
— ~ _ & '
m Time [ws! fornj
JisiiEstes | E“
sssseteessess l |
“' Preliminary
XENON (|

SmKr Rate [A.U.]

06E J0 LA B AL B B AL B
L 103 — tg5: 157 £ 1 ns

0.5 102 :: .
i 41.5 keV
101 'R SR T T I R T T I

0.4F 500 1000 1500 2000 ]
i ts1, - ts1, [nS]

0.3F =

S1,
0.2 32.1 keV -
S1y,
0.1

O
=

N R B B i
0 100 200 300 400 500 000 700

ldentification of 83mKr
calibration events

cS1 [PE]

Now recording
science data!



University of
Zurich™

Summary

« XENON1T saw an unexpected excess of low-energy
nuclear recoils of unknown origin.

* A low threshold search for 8B neutrinos yielded improved
low-mass WIMP limits and constraints on detector
response.

« XENONNT is taking science data and will improve on
XENON1T with 1/7th the background and 20x more data

.....
.........
...........

.....
...........
...........

330stennasts www.xenonexperiment.org

instagram.com/xenon_experiment

twitter.com/xenonexperiment



https://www.instagram.com/xenon_experiment/
http://instagram.com/xenon_experiment
http://twitter.com/xenonexperiment
http://twitter.com/xenonexperiment
http://www.xenonexperiment.org/
http://www.xenonexperiment.org/

XENONNT Physics Reacn

WIMP-nucleon og; [cm?]

Rate [(keVty)~!]
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XENONNT SI projection

‘e XENON1T 50 GeV/c2 WIMP

Exposure [ty]

fiducial volume

to 10-48 cm?

Reach world-record low background in 4 t

Probe WIMP-nucleon cross-sections down

Investigate origin of low-energy ER excess

and discriminate hypothetical BSM signal

from tritium background
OvRp, solar neutrinos, ...

12F | I | | I =
§ 2"“Pb: 1 uBg/kg (XENONNT goal) T
I 2Pb: 3 uBg/kg

10F T 2'Pb: 5 uBg/kg (achieved in SR2) _

Expected o
@)}
|

Preliminary -

1 2 3 4
Exposure [t-y]

D 6



Flectronic and Nuclear Recoils 18

Dual signal enables discrimination of interaction type.

Bl ER M Surface Neutron I AC W WIMP

3000

Nuclear Recoils Electronic Recoils:

e CEVNS
e WIMP search over

wide mass range

4000

* Backgrounds, mostly

2000
INtrinsic 222Rn

e Searches for excess

CSZb [PE]
o
-
S

400 above background

(OvB[3, 2vECEC, axions

and bosonic dark

* Very low

background from 200

neutrons, neutrinos

matter)



