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WIMPs
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The U and Th Chains

Thaorium
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y: 969 ke (13.2 %)
' AL
noble gas,
Radium | y: 92.4 keV {1,}5&1 P "‘~p[esent in air
y: 92.8 keV (2.4 %) |~ g
ranciurm s .
Astatn I:I I'll
“I 21‘Po olermen - 2;2P0 ;:ol:-::lam

u.“...i.. ! = f?:iar‘- 14 IFBeay 1
ay B & :

L]
Poloniur y: 609 keV (41& %) : gl Y and :
y: 1120 keV (14,1 %) HEBiE ™ _[EBil” i
Y: 238.63 keV (44 %) y: 1765 keV (I 4'.{ % g donin O B g 5 ¥ :
Bismuth ’gfm < | [EPb}: | [@Pb):
L o 0 ke )
£y L
‘\‘ 1*:"'TII Thallium 7 Tl Trallism ;’
et e - v:295 keV (17.7 %) [ ™, o af oL at
Rk S T : 352 keV (34.2 % : ,”
happo i y¥'583 keV (30.4 %) e St T
tobe Grses Y: 2615 keV (35.6 %) R
Thalliun misal Ll i

Transiton Mataly

Schumann (Freiburg) — XENON Status and Future



“Background Sources
(for ton-scale detectors)

"'-.__ B g i |

SRRy By

£ NQ\ 2¥high-E neutrinos % [N
& - CNNSbg  ‘sadg

- ",.r:.‘l - ¥
- NR sighature i S L

pp+’'Be neutrinos S5 P e pare
— ER signature [ R @ity sl ¥} i{fm

= | “:target-intrinsiq"bg:
® -, B-, y-radiafion, n;
‘activation, impurities, ’ ] ] i
P Electronic Recoils Nuclear Recoils
I (gamma, beta) (neutron, WIMPS)

L | <8
< neutrons from
= (a,n) and sf 2V




Background Suppression

H>0 f Polyetiyiane

A Avoid Backgrounds
Use of radiopure materials

Shielding
deep underground location
large shield (Pb, water, poly)
active veto (U, y coincidence)

self shielding — fiducialization

Pb

z [mm]

Astropart. Phys. 35, 573 (2012)

B Use knowledge about expected WIMP signal

WIMPs interact only once
— single scatter selection
require some position resolution

WIMPs interact with target nuclei
— nuclear recoils
exploit different dE/dx from
signal and background
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spin-independent WIMP-nucleon interactions
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The XENON Collaboration

www.xenonlt.org
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XENON Instruments
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The XENON collaboration develops and operates
dark matter detectors of increasing size and sensitivity
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Dual Phase TPC

Dolgoshein, Lebedenko, Rodionov, JETP Lett. 11, 513 (1970)

TPC = time projection chamber
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Background Rejection

— 3dim vertex reconstruction
— fiducialization

— multi-scatter rejection

— energy measurement

M. Schumann (Freiburg) — XENON Status and Future
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TPC Features

— 3dim vertex reconstruction — - e -
— fiducialization z“‘ iy
E 0.0
— multi-scatter rejection = ol
— energy measurement %

.
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— Charge-Light-Ratio (S2/S1):
Particle ID
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Matter Project
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XENON

Matter Project

EPJ C 77, 991 (2017)

#.;..

largest LXe TPC ever built
cylinder: 96 cm
active LXe target: 2.0t (3.2t total)
248 PMTs







How would dark matter look? BSE

XENON

Matter Project

... but it's a low-E neutron interaction from calibration!
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Calibration and Analysis Ne

XENON
Matter Project
Ri¢ [cm]
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0 [T _
-20
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Used to construct background and
signal models.

use central 1.3 t LXe for analysis

Exposure: 1.3t x 278.8d = 1.0txy

03 10 20 30 40 50 60 70 80
Corrected S1 [PE]

Light Signal
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90

100 - Jargest low-bg exposure ever
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Blind WIMP Search

Xe

XENON

Matter Project

0 i2

3 g i 6

= N\ lowest i e
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_ﬁ,,' II Rn220 Callbrafmn 5 . ﬁ \ aChIeved In ‘5 - J ,
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500 1000 1500 2000 250
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0

Used to construct background and
signal models.

7
///er data use central 1.3 t LXe for analysis
R
e Z o Blind analysis
o L HLSELL R A B e = region of interest inaccessible during
orrected S1 [PE] analysis to avoid human bias
Light Signal
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— no statistically
significant
excess
observed

Unblinding Xe

200 GeV/c? Matter Project
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IEl No signal — Exclusion Limit

XENON
Matter Project PRL 121, 111302 (2018)
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spin-independent WIMP-nucleon interactions
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some results are missing...
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e Charge-Only Analysis

XENON

Matter Project

pos HV

E~10 kV/cm . . . . . . standard analysis (S1+S2)

N

Effective exposure |tonne-days|

50

Recoil energy |keV|

neg HV
E~1 kVicm
charge-only (S2)
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NE Charge-Only Analysis

XENON

Matter Project

PRL 123, 251801 (2019)
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spin-independent WIMP-nucleon interactions
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WIMP mass [GeV/cz]

300 1000 3000  10*

some results are missing...
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NE Migdal Effect, Bremsstrahlung

XENON
Matter Project PRL 123, 241803 (2019)

PRL 121, 101801 (2018) .,y ‘X
JHEP 03, 194 (2018) : | : e

- cae - 0.1 GeV/e® WIMP (MIGD) B S1-S? data
U - 0.1 GeVic® WIMP (BREM) .
10°L a . == S2-only data
—  L0GeVie? WIMP (MIGD) —

— 1.0 GeVic® WIMP (BREM)

[a—

—

o
Lty

—
—
f—

Rate [events/tonne/year/keV ]

T
1001

1 | |
0.5 1.0 2.0 3.0 5.0
A Electronic recoil energy [keV]

Auger electron

— exploit expected effects after
nuclear recoil

— very low threshold ~180 eV (~4.5 electrons)
— caveat: effect not yet observed in calibration
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Xe

XENON

Matter Project

Migdal Analysis

PRL 123, 251801 (2019)
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spin-independent WIMP-nucleon interactions
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WIMP mass [GeV/cz]

some results are missing...
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New Physics in ER Data

Many models predicts sighatures from new physics in low-E ER data.
Our selection:

Solar Axions Primakoff

* axions: solve strong CP problem and CDM candidate ~

ABC
Jae < '
« if axions exists, production in Sun with E, ~ keV via E'//:/a _E*_.h__<1:::
IRCH HGa~y -y

— ABC: atomic recombination/deexcitation, Bremsstr.,, Compton i/a
— Primakoff y — a conversion >’Fe

—>Fe: 14.4 keV M1 nuclear transition Jan >
* normalization of spectra depends on axion coupling constants ”/r/:/a

Axion-like Particle (Bosonic ALPS)
* assume all DM is made of non-relativistic ALPs

- expect mono-energetic peak at unknown m_

T 1012

)

p

Enhanced Neutrino Magnetic Moment
e expect y ~ 107*° p, for massive neutrinos

« BSM physics could enhance . ;

if y >10~*> y, — neutrino is Majorana
e current limit p <3x10~"* i Borexino PRD 96, 091103 (2017)
« I/a cross-section increases with p ?/E_

1010
13-——JL -

10% 150

T

L ICRLL LU B AL L L AL |

S

Flux at 1 AU (cm & 5 Iney ]) [for lines, cm 2g
=
[=7]
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Xe Detection

XENON

Matter Project

* neutrinos: elastic ve-scattering 5 5 2 /3
: ; : gs. SEZ 32/
* axions/ALPs: axio-electric effect ——» 0.c = 0pe - 1— ——

_ B8 16ram? 3
e detector effects need to be considered:
E-resolution, detection efficiency

1 | I I | I 1 I
200 - e ﬁBC aX.ion 1 — M |
>’Fe axion —— 20 keV/c? ALP
S Jae = 5X 10712 Primakoff axion
'Y 300 g5 = 1x10° - -
:, Jay = 2X10710 Gev'l
\4:,
7 200} + .
-
D
&
100 -+ -
0 | | 1 | 1
0 5 10 15 0 5 10 15 20 25 30
Energy [keV] Energy [keV]

Production ® Detection
Production ® Detection ® Reconstruction
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€]  ER Data: Calibration

XENON

Matter Project
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B = nph =+ ne W=13.7 eV/q
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Detector specific constants from calibration
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yield [pe/keV]

32



€]  ER Data: Calibration

XENON

Matter Project

E =W (npn + ne) W=13.7 eVIq

(G5

37Ar (2.8 keV)
. I — B I 'F . . - .- - -1 %
R PR Detector specific constants from calibration
500
52 _ 95l 92
60Co B g1 E w
—_ 1332.5 ke
S 400
)
Y
X
v
El- 300_ 131mx
9 163.SekeV
9 236.2 keV
200
1
20
cS1 [PE] 100f-
| | | | |
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XENON

Matter Project

— SR1: 226.9 live days

— standard data quality cuts

— single scatter events

— energy range: 1-210 keVee

— inside cylindrical 1.042 t fiducial volume

— threshold dominated by 3x PMT requirement
— from data and waveform simulation,
tested with Rn220 calibration data

R [cm]
10 18 25 30 35 40 45 50

I | I | I | I

—20

Z [cm]

—60

—gok. -

]DDU 200 1000 1500 2000 2500

R? [em?]
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Efficiency

Events/keV

INE] Data Selection and Threshold

------ Selection |
=== Detection

llll
102

—— Best-fit
| SR1 ?20Rn data

Energy [keV]
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Ne Background Model

XENON

Matter Project

10 components

- o — - 2]4Ph —— = lﬁﬁxe —_—— 1251
[ ==~ O5Kr . 13Im¥e  ==- solarv
103 b==- Compton  ==—- #mKr —— Total
"::__"* : 13356 1240
ob)
~<
> 102
o 10
o —
B o o o e e
|
g —
o 4 0 vov o0 ==
::, —
10!

- —
-
——

100 125 1 175 2
Energy [keV]
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LXe intrinsic:
214Pp (from 222Rn)
85Kr
#mKr (from calibration)
“oXe (2vBB)
(2vDEC)
— today's signal is
tomorrow's background

From neutron-activation:
131mxe (|C)
(B+81 keV y)
125) (EC)
— divide data in two periods:
close/far from n-calibration

Detector materials

Solar neutrinos
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NE Background Fit

XENON

Matter Project

— unbinned profile likelihood fit to data (76 * 2) evtsi(t y keV) in 1-30 keV
— combined fit of data close/far to neutron calibration — world record background level!

---. 214pp --=-- Solarv -——. 83mKgy 104 ' ' ' ' ' ' ' '—é
. 85K1“ 133Xe 124Xe : SR1, (55.8 days) E
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Xe

XENON

Matter Project

= | ]] _

o g Ll L
Rrasiiinimainiiy

E 40 ] -

ZZ_J : | I I IT g‘%ldata_

0 5 10 15 20 25 30

Energy [keV]
What causes 1t????
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Excess of Events

» excess in 1-7 keV range
285 evts observed vs
232 = 15 expected
- (naive) 3.30 fluctuation

 events uniformly distributed
— In space
— in time (but low stats)

* far away from typical WIMP
artefact backgrounds
— accidental coincidences
— surface background
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INE]  BsMm Signal Models?

XENON

Matter Project

r— H[;: By l I ......I ABC axilon 1010 3
120 H;: By + axion ~ =eeee 57Fe axion i
% ------ Primakoff axion 1011 -
'% 100 | I 1 ; Supe:;]):)FI\i.‘;R
S w0 LA |1 o N
= r | ] } I Ly i S
§ 60 || [ 1 l]l” [ ] [’ ol
m 40 [ N XENON1T
] [ (S2only) XENON1T
20 Ji, solar axions: 3.50 1014 L (this work)
T S A SR L w0 ! ! :
0 5 10 15 20 25 30 S T
107 09 10! 102
Energy [keV] m, [keV/c2]
140F — Hp:B, ' ! el Bosonic ALPs
120k~ Hi:Bo+ho 3.00 global (4.00 local)
> = +
% 100} ] ] | @ m_=2.3+0.2 keV
>
%80_ : rrl” 1 T, Ir _I_
2 60| l |1 [ l [ l | | l—
[<8)
o 40f l - _
20k [..  Neutrino maan. mom.: 3.26- ... and many others since we
e g ___________ T made our result public.
% 5 10 15 20 25 30

Energy [keV]
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INE]  BsMm Signal Models?

XENON

Matter Project

. . . . . Assume (not claim!) that

——— Hg:Bg = esee ABC axion h . . d b
ol — HiBoraxon 7Fe axion V] the entire excess is caused by
= 0 == Primakoff axion solar axions
@ 100 .
< 50 : l quU 11 1. Lo 17 DES2 .
L ) 11 1 — KSVZ 4 )
g L1 ll]”l L] I e . Tori1 D12 e
& 40f | 1 Gaegtf < 4.6 x 10718 2.5
20 B solar axions: 3.50 - JaeGay < T-6 x 107 GeV ™! /2.0
0 JUCCLTRRC T LLE L P ORI M I L | 18
0 5 10 15 20 25 30 o
Energy [keV] ‘

3d 90% CL volume excludes one of:

gae =0
gay = ganmcf =0
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INEl  BsMm Signal Models?

XENON

Matter Project

. . . . . Assume (not claim!) that

——— Hg:Bg = esee ABC axion . .
ol — HiBotaxon e 7o axion V) the entire excess Is caused by
; ------ Primakoff axion SOlar axions
4] - -
. ] ] 107 . . . .
% or T I quU | I R I [ 1 VL
= 60F S|
o 40F [ | E
20 [, solar axions: 3.50 - Lo109¢ solar .
o LEices: et £=exy ! ! > ; ¥
0 5 10 15 20 25 30 © i
Energy [keV] 2 1010 : 3
= E _"i CAST (m = ; ]
2l e "= 10 mey)
10MEEE
F o w Yﬂ-\':! ~
F = XENON1T
- 5 (this work)
10-12 « ] ]
0 1 2 3 4 5

Jae le-12

e projection onto d., VS 9, plane
* in conflict with astrophysical contraints
arXiv:.2003.01100
* new: considering inverse Primakoff effect
for detection weakens tension
arXiv 2006.14598
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XENON

Il Neutrino Magnetic Moment?

Matter Project

-

Assume (nhot claim!) that

the entire excess is caused by an
enhanced p

M, =[1.4,2.9] x 107
(90% CL interval)
e compatible with experiments
* tension with astrophysical
constraints

T T T T 10710 ¢ T T T T T
140 —— He:Bg  =eaeas He 7 L arrows indicate allowed regions
—— Hip: B + 11, [
120t 17 Bo T H [
> B ——
$ 100 ] ] - i | |
>3 —
o 80k l ] ] I [ 2 e
< A7 | . i Z 1011} E
11 5 1
S 60f l |1 I1 l | | l | | l— £
E a0k s arXiv:
= I 1907.00115
20r [~ Neutrino magn. mom.: 3.20 [ arxiv:
T e e 1910.10568
0 | 1 1 |[ssmsmsussnnnsn prsssasssssaa
0 5 10 15 20 25 30 10-12 1 L 1 1 L
Borexino Gemma Globular White XENONIT
EI’IG‘I"QY [keV] clusters dwarfs (this work)
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DNSE] Tritium: A new background?

XENON

Matter Project

| | I | |
140_— H{]! Bﬂ BHJ

120F — M BotH |
N Tritium 3H: 3.20
m — —
$ 100 l ]
> T
s 80F .
——
_:'-E . |
@
o 40F ] i
20 18.6 keV endpoint N
0 l | ] *J L

0 5 10 15 20 25 30
Energy [keV]

« cosmogenic production by Xe-spallation or present in H,O (outgassing from walls)
— ONLY above-ground activation relevant!

* half-life = 12.3 y — ~constant in our dataset
* 3H:Xe concentration from fit: (6 £ 2) x 10-° mol/mol - <3 3H atoms per kg of Xe

M. Schumann (Freiburg) — XENON Status and Future
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BN Tritium: A new background?

XENON

Matter Project

1ok [—I[:;BU T T T T —
—— H;: Bg+3H - =
120 ne Tritium 3H: 3.20

%100:[ l -
oo A 1o L
"é 60 I |l ll 1 | ll l I l—
5 40t ] _
20 i
% 5 10 15 20 25 30

Energy [keV]

Many unknowns about *H in LXe

* Radiochemistry? Formation of molecules?
* Diffusion of tritiated molecules?

* Desorption? Emanation?

« No direct measurent for H, nor HT

At this point, we can neither confirm
nor exclude the presence of tritium!

M. Schumann (Freiburg) — XENON Status and Future

*H from spallation of Xe

» expect 32 *H-atoms/kg/day

* 3H is reactive — forms HTO in Xe gas

* HTO is effectively removed from Xe

* expected activity 100x lower than from excess

< 106 10719
= S N R _
) a ’o" gl '_o'
__L_l 10 j 1. Above ground 2. Underground E : 10—21 E
= 4 production decay g
= oh =
=8 g1 [e)
= 102 oF 10-23 §
. o l.-__. —
= 4. Decay I ® Lab]
2 4 :é 25 &5
= 10°F ----. HTO prediction 18 ~ 10 E
< ®  SRi bestfit tritium 1 5 % 2
15
mm 1072 ; ® 10-27

O 0 O O o0

'\000 '\:LQQ '\&00 '\,Q)QQ
Time [days]

Emanation of gases containing *H into LXe

* HTO from initial H2O contamination
— unlikely: required concentration spoils purity

* Tritiated hydrogen HT?
— no direct measurement but could explain

excess if 100x more H, than other molecules
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Xe

XENON

Excess Summary arXiv:2006.09721

Matter Project

We see an excess of low-E ER events
above our known backgrounds.

v

120 1 I | |
Tritium 3H ‘ % 1:: ] ] l I l l ] [ ] :’ Solar Axions
':i 111 | | S
< oo Hl[ T
/ g 40 ] |
- — Bo - Bosonic ALPs
NeUtI‘InO IJV j 22 | | | I ]:fil data \
o [ .
0 1ID 1I5 eVl ZIU 2|5 30
Energy [keV
X O and many others...
Artefacts

Observation of Excess Electronic Recoil Events in XENON1T
XENON Collaboration + E. Aprile (Columbia U.) et al. (Jun 17, 2020)
e-Print: 2006.09721 [hep-ex]

pdf [= cite

¢ links
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— target mass x3

— background x0.16
— online Rn-removal

— liquid Xe purification



UNI

SE] XENONNT: Axions vs. Tritium

XENON

Matter Project

FREIBURG

R i = T | | | I e
assume excess persists 2 el 1 nBakg (XENONAT goul) :
and is from solar axions I 24Pb: 3 uBq/kg

« How much data is needed 10F T ?'Pb: 5 pBg/kg (achieved in SR2) i B
to distinguish it from 3H? |-

* exploit differences in
spectral shape

* sensitivity depends
on background level

Expected o
(&)
|
|

4 | —
2 : —
0 L | | ; | I
1 2 3 4 5 6
Exposure [t-¥]
0.0 0.5 1.0 1.5

Running Time [y]

assume 4t FV and no calibration
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X@ XENONNT Sensitivity Goal

Matter Project

UNI
|

FREIBURG

spin-independent WIMP-nucleon interactions

[ [ [
| I I

£ L L

o= = oo

S
S
S

A

1074

&
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107*

)
&
r‘h
-..I-
3’

[
|

P

1

107*

Cross Section [cm?]
=
5

f—t f—t
| |
= £
~J =)

,heutrino floor*
PRD 89, 023524 (2014)

[
|

P

oo

[
|

P

R}

DAMA/I

)

\ pC’rCDMS \ COSINE-100

FI11||| |||||rll‘ ||||I1||| ||um|‘ ||||I1||| |||rl‘.|1 ||||I1||| ||||1m| |||||1||| ||||rrn| ||||m|| TTTTTH

2 3 5
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10 20 30 50 100
WIMP Mass [GeV/c?]

200 500 1000

some results are missing...
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The ultimate Limit

UNI
|

FREIBURG

JCAP 01, 044 (2014)
WIMP 6 GeV/c >

25107 em?

]

WIMP 100 GeV/c *
v:hep ...

>

b

—

X

ES

X
"= 10"
X

8
2107
L
o3
'

Energy [keV]

. } Interactions from coherent neutrino-nucleus
~heutrino floor

10_48 PRD 89, 023524 (2014) \ Scatterlng (CNNS) WI” domlnate
\ - ultimate background for direct detection
10_49 | | | 1 L1 11 | \‘T V';;:/'.
1 2 3 5 10 20 p //"\a
WIMP i SRR xS .
Z boson
q

M. Schumann (Freiburg) — XENON Status and Future 50



DARWIN The ultimate WIMP Detector -

DARWIN &

(17]
<o
(118

» | Xe-based

darwin-observatory.org

1074 = D
— M’S}% Jéfo
10-%2 L 0 70 \
| )
a3
o 10 = \ \\ \ \ DEAP—%("O
g 10744 B\ \ | S
2, = \ <ERoNI0
= = UxX Exposure
Sl AW I
2 107 \\ <
S F W\ Pl PP
O na7L AN AN T __— 20 txy
= LT T TS 200 tX
1074 & \ TN i ‘\’\’\-\ g
—49 [
10 E | | 1 | L 111 | | | | | 111 | 1 | | ] L1 1 |
| 2 3 5 10 20 30 50 100 200 500 1000

WIMP mass [GeV/c?]
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DARWIN \DA_RWIN

www.darwin—-observatory.org

UNI

FREIBURG

* aim at sensitivity of a few 10™*° cm2,

* international collaboration,
30 groups, ~160 scientists

— continuously growing

* endorsed by several national and
international agencies

* preparing CDR for LNGS
* Timescale: start after XENONNT

2024-25

M. Schumann (Freiburg) — XENON Status and Future
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Backgrounds N2
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\-hlgh E neutrmos ,,,-;__‘ ining background sources:
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1
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L 3 = :..
[ PRy |
| i

' ®Xe-intrinsic bg:
- Ml _222Rn 83K, 2v{3[3
neutrons from

(a,n) and sf ' e Electronic Recoils Nuclear Recoils
(gamma, beta) (neutron, WIMPS)
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DARWIN
DARWIN The ultimate WIMP Detector = -

JCAP 11, 017 (2016) +

Challenges

* Size
— electron drift (HV)
— diameter (TPC electrodes)
— mass (LXe purification)
— dimensions (radioactivity)
— detector response
(calibration, corrections)

* Backgrounds
— 222Rn: factor 100 required
— (a,n) neutrons (from PTFE)

* Photosensors
— high light yield (QE)
— |low radioactivity
- |long-term stability

e etc etc
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DARWIN
DARWIN The ultimate WIMP Detector = -

JCAP 11, 017 (2016) +

— R&D within XENON coIIaboratlon ++
—two ERC projects I

ULTIMATE (Freiburg) Coaese
Xenoscope (Zirich) ‘erc

M. Schumann (Freiburg) — XENON Status and Future



DARWIN
DARWIN The ultimate WIMP Detector = -

.
“
.
0

High-voltage
feedthrough ...

.
.
.

“-...,Connection to cryogenics,
purification, data acquisition

Top

other than WIMPs

photosensor. ... | Rlgy. -
array . A | Wi
| (B[ - ...,
| ) mil | Anode

e WML, | B What (else) can

coricre W@ do with these
Instruments?

PTFE
reflector

B
(T
.
e 1
.
“
.
"l

So=soo=a “ Cathode

% X 3 =
S s e e e e ¢

s o=
= =g
| ==

- Bottom
photosensor
array
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(SbeS 1)-ER mean

0

log

Interactions in LXe Detectors
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-0.6 F

S
o0

e

it
4 i
+ ;“

+

e e e 0l
[ N

+

* " * *
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Energy [keVnr]
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40

45

5

scattering off atomic electrons,
excitations etc.

: . — axions/
— electronic recoill

ALPs

* rare processes detectable
If ER background is low

coherent scattering
off xenon nucleus
— nuclear recoll

 Dark Matter
* CNNS

58



Interactions in LXe Detectors

pp+'Be neutrinos

5 skt scattering off atomic electrons,
E 5 excitations etc. | . ions/
x b — electronic recoill ALPs
> B
X 1355 * rare processes detectable
= 1ob since ER background is low
3 r : ,
% n SO it :
Sk _ k| ) coherent scattering
. e, Ra@1wsakg) | L' | Off Xenon nucleus
0_00 ——t bt | . )
E 6 8 0 12 14 - nuclear recoll
keVee] . .
T~ e, ' == - | * Dark Matter
_1 2 " | 1] I";l‘ I++"T'I+: |;:I' | ‘I++I ]‘4 I+I | L | r | I'| il L | | | | 4 | | | | I'I I‘l-l - > CNNS
’ 5 10 15 20 25 30 35 40 45 50
Energy [keVnr]

— Many science channels are accessible

DARWIN = A low background, low threshold astroparticle physics observatory
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_ DARWIN
Solar Neutrinos —

L

JCAP 01, 044 (2014)

ER Spectrum in Xe _ arXiv:2006.03114

Backgrounds Signals _

; [ — Materials 136xe pp — 13 pep

& 103F Radon 124xe || === 7Be === 150 v capture

= [ m— K rypton

S 10%f A AU/\

> [ !

c 10t

c i

S 10°f

o 10~ \

E 102 \

& 103

< 10-

=

$10*

L \

0 200 400 600 800 1000 1200 1400
Energy [keV]

* DARWIN's ER spectrum will be dominated by pp neutrinos (and 2vDEC+2v[3[3)

e distinct features in v spectra allow extracting neutrino fluxes
— full spectral fit of all components up to 3 MeV

M. Schumann (Freiburg) — XENON Status and Future 61



Solar Neutrinos

o FIUX
pp
"Be
13N
150
pep
v capture

[\¥]
o
T T
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= I
rD (%]

(9]

100

r T — T 4 T L e e R |
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| —— pp ~~.
| — 'Be

1 10 100
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P(ve = ve)

0.5

_DARWIN

-
o

JCAP 01, 044 (2014)
arXiv:2006.03114

- 30 ty (natural)
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DARWIN
135Xe: Ov double-beta Decay

#
n p n P ~ T
—_— > = =S o 136(:5
i o/ P
e e § 1 R
W ‘| e AL %0
. - o
v : ‘\\ BB a1
ZVBB 7 OVBB VM x Q =2457.83 keV - v 760.493 keV
AJJJ< o | ! 818497 kev
N i
13SBa

« OV candidate with Qg =2.46 MeV
* 40t DARWIN LXe target contains 3.5t of **Xe without any enrichment!

o) | . XENONIT o/E ~0.8% @ Q,, R =
= 4 arXiv:2003.03825  FWHM/E ~1.9% @ Q,, | + MS
;“‘: = R i i
=
S
S i R . 1 5 .
O% " 500 1000 1500 2000 2500 3000

Energy [keV]
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DARWIN
135Xe: Ov double-beta Decay -

B>< 136Cg
136X8 \‘\ T . o+ A L ¢ O
~ 1

\
. BB S
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o
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v
(¢
dNAEE/ Q)

Q=2457.83 keV ™ . |V 760.493 keV

T 818.497 keV

s
—_ 3

13SBa

« OV candidate with Qg =2.46 MeV
* 40t DARWIN LXe target contains 3.5t of **Xe without any enrichment!

10°;
{DARWIN (Mg, = 5t) OvBB --- Combined Backgroun g =
B e Sl (e 107 DARWIN Sensitivity

3 * optimize sensitivity by fiducialization
5  important background from decays of
[ neutron-activated *"Xe
£ 107 DEW AN/ = — assume LNGS depth
3 214Bi
% i _li T HYH - 27
£ 10438 (v-e-) E - half-life sensitivity: 2.4 x 10> y

1023

2200 2300 2400 2500 2600 2700 2800
Energy [keV]

M. Schumann (Freiburg) — XENON Status and Future 64



XENON & DARWIN: Exciting Times

UNI
FREIBURG

X@ \DARW|N a low-background

X ENO Nmw for astroparticle physics

Events/(t-y-keV)

- low-threshold observatory

Matter Project

it

120 . . . . . 0 73
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80 ] ] ‘ 7 43 -
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60 II ll |Il I | I 510—44_
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Energy [keV] =
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