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WIMP e [Clastic collisions with nuclel

e The recolil energy is:

- |q'|: uv

2m " m

E, (1-cos) =50 keV

N
¢ and the expected rate:

m ¥ nt,

p.
R N_/{<G,‘(N> u=
"1:{ m, +m,

N = number of target nuclei in detector
o, = local WIMP density, m, = WIMP mass
<0,\> = scattering cross section

WIMP

@ Requirements for a dark matter detector
e Large detector mass

e Low energy threshold ~ sub-keV to few keV's
e \ery low background and/or background discrimination
e Long term stability
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A HIGH PRECIS.ON PARTICLE DETECTGR USING NOBLE LIQUILDS

We agree wholeheartedly with Peter Rice-Evans® and the Editors

of Natire® that there exists a need for higher resolution particle detec-

tors at
t are working toward the development of a thin multi-conductor
ber filled with a noble liquid. Cur initial effcrts with liquid argon have
been described in several NAL Summer Studies Reporu‘ and the suc-
cessful operaticn of a liquid xenon proportional counter is the sudject
of a recent paper.

We brielly lumm:rin what has been learned thus Iar:
(1)
and a single 4 ym anode detects ¢

non proportional chamber with an 8
rged particles with nearly 100%
efficiency. The pilee riser in lnas than 150 naac and (s typically

0.15 pC in size. (Using liguid argos all ver chamiers have Lren sensis
tive oaly at scattered >oints along the wire.)

(2) The electric field necessary for electron avalanche is approx

2 million V/em, (Consequertly the cestral wire must be the anode ‘n
arder to svoid fisld amiscdion )

(3) Fer the dewection of lvnizetivn pulaes (liguid gain = 1) produced by
a moveable collimated source of alpha particles, a 700 pm thick cham-
ber having Swires spaced 25 pm apart has a spatial accuracy better
than 15 um rms.

(4) A series of parallel conducting strips muuntsd on & substzale is
capable inducing electron multiplication,

(5) Severe electronegative contamination of liquid xenon (due to un-
known impurities) can occur even wher the oxygen and nitrogen is

held beluw 0.4 paris per mu:ion.6

.2

We are now wWorking to improve our control over electranegative
impurities, to show that a ser.es of substrate mounted conductors has
high precition in the avalanche mode, and to develop a practical read-
out scheme.

w).n: the liquid xewvn mulii-conducto:r chambesr provides accurate
spatial information in its "thin" form, italso provides efficient, rapid
-ray and y-ray doucdo;\ in its "thick" form. The former should

ve invaluable in the fields of high energy and cosmic ray physics.

wiile the latter holde ecually great promise in the field of radioclogy.

Work done under the auspices of the U.5. Atomic Energy Commis-
sion. -
Lawrence Berkeley Laboratory Stephen E. Derenzo
Univereity of California Cerard Smad|a
Berkeley, California 94720 Rotert G. Smits
Haim Zakiad
Luis W. Alvarez
Space Scicace Laboratory Richard A, Muller
Univertity of California
Berkeley, California 94720
1
2

3

Rice-Evans. F.. Nature. 232. 625 (1971).

Editorial, Nature 232, 599 (1974).

Alvarez, L, W., Group A Physics Note 672, University :x’
California Lawrence Radiation Laboratory, Nov., 1968,

Derenzo, S, E., ot al,, Natioral Accelerator Laboratory,
Ratavia, Illinois, Summer Study reports SS5-154 (1969 aad SS-184
(1970).

Muller, R, A, etal., Phys. Rev. Letters, ;l. 532 (1974).

Many of our purification technijues are cescrited in z.ldid. H.
{D. Eng. Thesis). Lawzence Radiation Laboratory Report UCRL-
20690 (1974).
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...then Compton telescopes, EM calorimeter, DM, Ov20, PET...
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LNe LAr LXe
Z(A) 10 (20) 18 (40) 54 (131)
Density [g/cm°] 1.2 1.4 3.0
Scintillation A 78 nm 125nm 178 nm
BP [K] at 1 atm 27 87 165
lonization [e /keV]* 46 42 64
Scintillation [y/keV]* 7 40 46
* for electronic recoils
: PHOTON ENERGY (e¥ E ==) excitation + ionization T-' ot e S
~ . ] 1|0 S— 1'5 — 12101 0.9 NR, light
3 qui l l ¢ ‘ _02f
§ l atct)(n Xe' Xe '+ e~ % 0.7 ‘. ‘ o .ER. charge
= mouon 5 06 g’
2 Ty ¢+Xe g, 05 . ‘.
= Xe2 Xe'2 % 04 : SR
g * ¢+c" ? 03 - fight !
% ’ 2xe +hy Xe""‘ Xe :?r ANR' eheree alpha, charge
- e -~ B T — scintillation  ionization Jlamssee o0 o o . ¢ o ¢
WAVELENGTH (R light electrons 0 1 Drik Fleld (kViem) ¢ 5
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» High A:large number of Sl interactions

> Self shielding: high Z=54 and and high & F — ]
density 0=2.83 kg/1 % - 18 evts/100-kg/year Xe (A=131)
X i Ey = 5keVnr Ge (A=73)
» Scalability: possibility to build compact 2 - 8 evts/100-kg/year — Ar (A=40)
detectors, scalable to larger dimensions g E, =15 keVnr ) ’
S 10°F
» Odd-nucleon isotopes: high A=131 with % : po <’U>
~50% of odd isotopes. Good for SD. g i
» Wavelength 178 nm: no need for a wave-
length shifter 10°F
» Intrinsically pure: 13¢Xe has very small -
decay rate; Kr can be removed to <ppt M, = 100 GeV, 0y, = 10~%cm?

» Charge & light: highest yield among the 107030 20 30 40 50 60 70 80
noble liquids Recoil Energy [keVr]

» “Easy” cryogenics: -100 °C

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 2020 38
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XMASS - LXe detector at Kamioka, Japan

e 11ton total LXe mass & 800kg FV

e Ultra-clean PMTs directly in contact with the

| Xe target

¢ High light yield measured: 14.7 PE/keVee
Ein =0.3keVee

—

o

1 1
w0
©

MA/LIBRA §
GeNT (201 2
MS-Si (2014)

>
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A. S. Barabash and A. |. Bolozdynia, 1989,JETP Lett.,49, 356.

Os1 Light signal
Prompt scintillation photons

Os2 Charge signal
GXe \‘> Secondary scintillation in GXe from drifted electrons
& Energy reconstruction from cembined S1 and S2
drift time
LXe (depih) LJ 3D vertex reconstruction
X,Y from S2 pattern in top PMT array
Z from drift time

¢ Velume fiducialization

particle _& Single/multiple scatters discrimination

¥, B 8030
B NR (Nuclear Recolls) \\»- .| Electronic Recoils 4
uclear Recoils M e
WIMP signal, neutrons, CNNS \@ oof e :
LJ ER (Electronic Recoils) : ¥ i : SOREAS, ikt
Electranic Recoll s .
¥, B backgrounds % , = "Nuclear Recoils
- %0 B bk g . .
) ) L WIMP, n s & '
-+ Recoil type identification from 200 |
52/s1 uE
- - .
Larger for ER than NR .‘ | 1
.’ | | | | | | | 1
. 03 12 2C 0 40 50 80 rY 80
Nuclear Recoil Corrected S1 [PE]

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 2020 10
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THE EVOLUTION OF SPECIES

TOTAL LXe mass:
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XENON

XENONNT

3.2 tonnes
PANDA X-ll
LUX
XENON100
XENON10 Ll@(
6 2005 2008 2013 2016
& 22 kg 105 kg 250 kg 580 kg

XENONI1T

2016
2000 kg

0.2

2020

6000 kg

0.02

Marco Selvi Xenon Detectors for DM and neutrinos
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XENON10 XENON100 XENONAT XENONNT

UL L]

2005-2007 2008-2016 2012-2018 2019-2023
25 kg -15cmdrift 161 kg-30cmdrift 3.2ton-1mdrift 8 ton - 1.5 m drift
~10-43cm? ~10-4°cm? ~10-47cm? ~10-48cm?

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 2020 12
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N XENON1T: All Systems Yo

. Melting ;pqlnt:ﬁﬁnt'rc
E. Aprile et al., Roiling point: -107.1C

“The XENON1T Dark Matter Experiment”,
EPJ C 77, 881 (2017).

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 202 14
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i

A
.
|

3.2t LXe @180 K
12.0 t active target
/fiewed by 248 PMTs|
*1 meter drift length}
~1 meter diameter |

-

/-

The Iargés‘ .quuid noblé TPC‘e er operated for Dark Matter Search
AT W - <=

O o S S S\
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INFN ER and NR Backgrounds [
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Electron recoils (ER):

* low energy Compton
scatters from the radioactive
contaminants in the detector

\ WIMPs and Neutrons
scatter from the

S e , — components: U and Th
O ER chains, *'K, ®Co, 137(Cs.
* Intrinsic contaminants: [3
- / Phatans and Flectrons Ci@(dyﬁ Uf :::RI1 (1C\ng}1ter‘ﬁ
. / scatter from the 5 13¢
4 J Atomic Electrons 'I\r, ' j)\L.
» Elastic scattering of solar

ff electrons.

Nuclea1 Recoﬂs (NR):

« Radiogenic neutrons: spontaneous fission and (o, n) reaction from the U and Th
chains in the detector components.

* Muon-induced neutrons
* (Coherent scattering omostl_y solar) off the Xe nuclei.

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 2020 10
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1077

=\ (b/"}' LUX (M)

Spin-independent
WIMP-nucleon
Elastic Scattering

EDELWEISS (Surf)

-38
10 — NEWS-G
CRESST-III N DAMA/I
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40 ‘

10 CDMSlite \§\

DarkSide-50 (§2)
107+ \ \

XENONIT ( S’) .

107 N7

l 0-36 *@/‘,
0
Vy
Ve

perCDMS
l DELWEISS

| 044

Cross Section [cm?]

10—36
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World record ER background:
___. 21pp . Solarvy  ---- WK 76 * 2 events/keV/t/yr
ok Xe e in[l, 30] keV

---- Materials ---- 131mXe —— By
——-. 136¥e ———. 1257 I SRI1 data (2.e-4 dl"“)
1047 | | | | | | | | |
SR1 (226.9 days) L
o Neutron-activations
E _ 13ImX e, , 125]
":>’ 102 = g 1 \ ]
S S e ST TR T
) S N A, Sl C
2 o S ,. \‘ Intrinsic
o O v I Vs pommme- o backgrounds
= *=,—7‘/-_‘ILI ‘\_1I'-'=l’=:\f"::—_::::__: ____ -l’ ______ Jl _____ 214 3
oops TR A
AT R : ‘ K, 83mKr
10—y
2-_.. ° 0 ® oq0 ° ~ e ®e0 ® ° ° ® g0 ¢ 00 °*
@) °* e *° L, o o 00 % D .'0'“..‘0... '. o * K RS o ® .
2f e T e T Detector material y
1 1 [ 1 1

| |
0 25 50 75 100 125 150 175 200

Energy [keV] .
Solar neutrinos

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 2020 18



INFN

XENONA1T results

13129 5 OBY

[Kr]4ad'®5s25p¢

Melting .point: -111.9°C
Boiling point: ~107.7C

|stituto Nazionale di Fisica Nuclcare XENON
103 | [ ] ] ' ] | '
Sl 5'2 Y :;E'Efé - - :3 :6 Ias i_ = :
E=w-(2+2) o[ B F 0 FEEFOFF PP HE
L SECIIES ' A AL 1 ; |
Nphotons g 10" : * Nl g i i ' ; J :
N — WY
D 107" fygw", 7 Hik
e o g /'5"2\‘"“"“*‘
& 10~ NS
R
-
St o s
5 b LUX { XENON1DC | P
l ¥ EXO 200 % PandaX Il : b
» '373‘ a + XENONITSS 4 XENONITMS | .
WIMPs, X-rays, Y (E<200 keV), - A P i ‘
B-electrons G 3 R L i | |
3 o - |
< 2 P R
<] | s
. o] L 0.94%
Reconstruct energy from combined | ©3Gadm st Toam, | oem
S| and S2 signals A pu— — . B
- 051 i § 0.40% | - |
. ' ' | 1 ! ! I !
Anti-correlation between light and = i oL BE Ry 4L s
' ' w 0.0H— : : 0 ’ '
charge for optimal resolution | bl ! g ! -
:th 0.5 — — 1 % S I ‘ i
E 0 500 1000 1500 2000 2500 3000
— Energy [keV]
Energy resolution and linearity in the MeV energy range
Eur. Phys. J. C 80 (2020) 8, 785 - arXiv:2003.03825
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pew (242) 37Ar calibration: 2.8 keV x-ray peak

8 &
Nphotons 2500 : “'Ar (ZIB keV) :
L . )
2000k 10?3
5
& 15001 g
S1 & ;
% IUU‘J-. ||.')l.-Q
| : :
’ soof <
WIMPs, X-rays, ¥ (E<200 keV), PRELIMINARY
B-electrons " . . . o
0 10 20 30 '
cS1 [PE]
. e 5741‘ iata
Reconstruct energy from combined 17500 5 5 ey
S| and S2 signals 15000 J
Anti-correlation between light and 125001
charge for optimal resolution % 100001 .
700 -
5000 -
2500 _
% 1 2 3 r 5
Energy [keV]
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Observation of two-neutrino double electron capture in 129Xe with XENON1T
Published | 25 April 2019 | Nature 568, 532-535 (2019)

Elactron capture Neutrino amiasion
THE INTONNATIONAL WEDRLE J2U PSAL OF 52 ITNEL e 6
A ' > : . - ; i -‘A; -. '. Tq"'_. b, ‘., .— ~ % A‘:,‘ K LM L M
e : s T N l)4xe > 12 4Te + 1' + l' Atomic
“vB S reksxation " X,
. Y. & g
W™ L

7  SIGNATURE: mono-energetic peak at (64.3 £ 0.6) keV
Energy released by X-rays and Auger electrons (atomic

relaxation)
”  First observation of 2VECEC decay
. w— f — 2VICEC ) celitration data
”  The longest half-life ever measured e —

(1.8 4 0.5, +0.1,,) x 1022 yr w0 [a I
~1012 times Iarger than the age of t '

N BTN THEALT s i SHrd LAY

E—————_ - . ~m\ "/, - Q-
Y Dark- manerdetecmrcapturesexonc 4 TS - XENONIT ENERGY 20 b //xf
3 "‘jf"”’de{;'“"‘"ﬁ: ‘“’f‘-.—.m.,.-" e 0 .l RESOLUTION N — -
~ : — » e . .- b
==, = e e TV at 64.3 keV: 3k —_— =
:':::'":}':’:‘— (4.1+0.4) % £ 5 L , L *
1% <
25 £ 10
IR &2 » =
L C Ced L 3 = —lL —
30 e | > €5 o ] )
Energy LkaV]
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120

100

80

60

40

Events/(t-y-keV)

20 —— Bp

[ SRI1 data

15 20 25 30
Energy [keV]

Observation of Excess Electronic Recoil Events in XENON1T
arXiv:2006.09721
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XENONA1T results
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Observation of Excess Electronic Recoil Events in XENON1T

arXiv:2006.09721
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Solar axion
favored over
background-only at

3.50

Axion + *H
favored over 3H
hypothesis at
2.10
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- ol I

* Inner region of
existing muon veto

» oplically separale

« 120 additional PMTs

« Gdin the water tank

¢ 0.5 % Gdz(SO)z

« Tolal 8.411 Xe

« 59tinTPC

« ~ 4 tfiducial

« 248 — 494 PMTs

distillation purification

» Reduce Rn (?14Pb) from
pipes, cables,
cryogenic system

* New system,

PoP in XENONTT

» Faster xenon cleaning
« 51/minLXe

(2500 slpm)
o XENONI1T ~ 100 slpm

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 2020 24
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16 March 2020: 11 Sep 2020:
closed the cryostat completed nVeto installation

Marco Selvi Xenon Detectors for DM and neutrinos Congresso SIF 2020 25
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Xe
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Boiling point: -107

XENON

arXiv: 2007.08796, submitted to JCAP
(Corresponding author: Pietro Di Gangi, post-doc INFN Bologna, MonteCarlo WG leader)

]0-46 -
XENONNT SI projection in 20ty - XENONRT SI projection
al e Discovery limit (50) _ e XENONIT 50GeV/c? WIMP
10 -=-- Discoverv limit (30) ¢
o —— Sensitivity (90% CL) QO -
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INFN near future: LZ “Xe

Melting .point: -111.9°C
Boiling point: -107.TC

Istituto Nazionale di Fisica Nuclcare XENON

The OD The Skin

¢ 17 tonnes Gd-loaded liquid ¢ 2 tonnes of LXe surrounding the TPC

scintillator in acrylic vessels
e 1" and 2" PMTs at the top and
e 120 8" PMTs mounted in the bottom of the skin region

water tank . _ o
* Lined with PTFE to maximize light
¢ Anti-coincidence detector for collection efficiency

y-rays and neutrons

¢ Anti-coincidence detector for y-rays

¢ Observe ~8.5 MeV y-rays
from thermal neutron capture

e Draw on experience from ¢ Tag individual neutrons and y-rays

Daya Bay e Characterize BGs in situ
See talk by B. Penning
“The LZ Outer Detector” —Enables discovery potential
DM16 Thu afternoon 494 PMTs GAS PHASE AND

ELECTROLUMINESCENCE REGION

7 tonne active LXe

5.6 tonne fiducial
(1.5 m diameter x 1.5 m height)
‘lx_riurfacc

- Located in Sanford

Underground lab, Lead (USA) Siim pT
. 4300 m.w.e. 50 kV cathode HV
« 1077 muon flux reduction

4x grid electrodes

T

Gas Xe circulation @ 500 slpm
(tumover full mass in 2.5 days)

LZ TDR arXiv:1703.09144
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INFN near future: LZ

Istituta Nazionale di Fisica Nuclcare

Phys. Rev. D 101, 052002 (2020)

10-42 IIIFIII 1 I II]]III I I I]ll]]]

& LZ sensitivity (1000 live days)
) Projected limit (90% CL one-sided) LUX (2017)
= 10 £10 expected —— PandaX-II (2017)
S, +20 expected —— XENONIT (2018)
2 4 -
2 10 \
3
I
w
Z 107
St
Q
—= pMSSMI11
§ 10-46 (MasterCode, 2017)
Q
—
3
o .
S 107
= =
10-49 L 1 1l 1 1 Lo el L el
10 100 1000
WIMP mass [GCV/CZ]

90% CL minimum of 1.6 x 1048 cm? at 40 GeV/c?

131.29 SR
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- Xe

Melting .point: -111.9°C
Boiling point: -107.TC

XENON
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INFN near future: PandaX-4T [BG

Melting .point: -111.9°C
Boiling point: -107.TC

Istituto Nazionale di Fisica Nuclcare XENON

. ]O-J/
4-t0n target Wlth SI 8 — PandaX-ll 2016
cre . i 10°
sensitivitv ~10-47 cm? —— LUX 2016
-39
Top PMT array 10 —— CDMSLite 2015
3 10740
§ 1074
GXe c
2 42
T 10 :
z SuperCDMS |
PTFE reflector -43 » ‘
: 9 é 10 \”OO kg d A Post LHC1 mSUSY constraint
LXe Target = )
& = é 10744
T, )
® £ 107
: -
w — -46
Cathode &8 3 10 )
----- = ? q07
s 10748
Bottom PMT array 2 5
-49
1.2m(H)x1.2m(D) 10
- - . ]O-SO I
Designed field: drift (400 V/cm), 10°
extraction (6 kV/cm) WIMP mass (GeV/c?)

3-in PMTs, 169 top/199 bottom Nature Physics 13, 212-216 (2017)
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NFN - future: DARWIN Xe

;1elt l t Il 9C

XENON

|stituta Nazionale di R

www.darwin-observatory.org

29 institutions, 12 countries

Working towards a CDR and a TDR
DARWIN in the APPEC roadmap

CDR for 2022, Construction timeline 2025

Engineering
studies Commissioning
2022 TDR 2025 phase 2027
@ 2024 2026 wm
taking
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CNFN  future: DARWIN Xe

Melt t ll 9C

Istituta Nazionale di Fisica Nuclcare

CHALLENGES
+ Electron drift over 2.5 meters.
HV more than -100 kV for drift field of 0.5 kV/cm

- Background: reduce 222Rn (material screening, distillation)
and (a,n) from PTFE

+ Purification and distillation: need high speed for large
quantity of LXe

« Light collection efficiency: 4pi photosensors

+ Photosensors: high QE, low dark rate, stabili
JINST 13 (2018) P10022

g e S ULTIMATE
‘J,L\ ; (Uni Friburg)

“:‘ﬂ

16 5IPMs

» = >/
R ‘.3' /
e/

Courtesy of F. Tonnies
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INFN future: DARWIN Xe

Melting .point: -111.9°C
Boiling point: -107.TC

Istituto Nazionalc di Fisica Nuclcare XENON
104! JCAP11 (2016) 017 10% JCAP11 (2016) 017
- wAN
o Neutron coupling £
10
E E 10°
2, =
S S10 3
g g \\\ ! p— ". "
104 N -
£ gek NN e -
o &) - N SN —— S DARWE
T Tttt 1l W |
- N T T Y e
ovk N~ L . 0.5
ol vime@ilad™_ =TT ——— | [peeemeenemsecctoenTosammsseee g &]=o 25
lo ' Lill 1 L L 1 1 111 1 1 1 1 1 11 1045 'lLll s ' A 'LALAl s 1 1 L;L;l . ..
56 810 20 30 40 60 100 200 400 600 1000 56 810 20 3040 60 100 200 400600 1000JCAP11 (2016) 017 000
WIMP mass [GeV/c?| WIMP mass [GeV/c?]

- Huge dimensions: 2.6 m height x 2.6 diameter
* Huge exposure: 200 ton x year
+ 50 tons of LXe
* 40 tons of target
- 30 tons fiducial
« Sensitivity: ~104° cm?
+ 99.98% ER rejection at 30% NR acceptance
* Light yield 8 PE/keV at 122 keV, Energy window 5-35 keVnr
« Sensitivity: ~104° cm?
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INFN

future

DARWIN

131.29 T
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ot

|
|stituta Nazional IMP rt' T t I t . ENON
10" e 710
2 . x = S e 4 o
= Sl cross section 2 X 1077 ¢cm? 3 f’.ﬁ“-‘::';“’; Kemon (50cy)
- Sx<10 F v =544 ks Germanium (3txy)
10" ;\ 200 tx y exposure ax10° v =230 knv's Argon (10txy)
a = : — 10"}
- -
= 107 & =2 210
g g
9l 131
QI07 B R s |
2 : : 10 @ @
§ I . L:: X107 |
e ix | ™
OlTE 500 GeV sx10° F M x:
E 4x10™* - Xe+Ge
. 10 Xe+Ge+Ar
107 E l JCAP11 (2016) 017 ‘ PRD 83, 083505 (2011)
L LAl Es £ 2.2 8 2 238 lxl(,“’ :717.7:*.*:7.*:*‘ A A A A A A
10 10° 10 20 30 40 50 100 200 300 400500 1000
WIMP mass [GeV/c®) WIMP mass [GeV/c’]

- Reconstruction of WIMP mass
and scattering cross section

Parameters reconstruction
improves with information from Ge
detectors

- 10, 20 credibility regions for 20,
100 and 500 GeV/c? marginalised
over astrophysical parameters
uncertainties

- Few 100 GeV can be constrained
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@‘/i? Solar neutrino & detectors  Av

BO Homestake
LZ, XENONNT e superkK
0.001 MeV 4 MeV
= (blob area x detector mass)
LUX 013 : : : :
10"2 N Serenelli et al. 2011
o 0.6%] Solar Neutrino Spectra (+10)
10
.................... 10" "Bef£7%]
................... ~ 10°
............. ' 408 ”:ZZZ’F=~"Z[” %]
~50% of pp flux has w | I
energy < Ga threshold E 10 . {, .
X 10° | :
“ 10 /:/"
|
10* o
| '
P. Sorensen talk 10° | !
@Neutrino2016 e o
10‘ 1 /‘l/r
0.005 001 0.2 005 0.1 0.5 1.0 2.0 50 10.0 20.0

Neutrino Energy in MeV
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Measuring pp neutrinos

-

038
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Rate [evts x t! x y' xkeV™']
2
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06
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04

03

02

Energy [keV]

Av

JCAP 1611 (2016) no.11, 017

7
- pp Be perp "B
n —d
’ l
. DARWIN I
[~ 3 ' 1 l 1 1 1 4 l
2x10? 100 2x10° 104

Neutrino Energy [keV]

« XENONNT/LZ could reduce the uncertainty on the pp flux to 2.2%
(currently Borexino is @10%)

« DARWIN (50t LXe) could bring this down further, to ~1%

 Need to reduce Rn by a factor >10

Marco Selvi (INFN Bologna)

Neutrino Physics with DM experiments

NNN17, 27th October 2017
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Solar neutrino NR

Expect commissioning
in 2019

experiment goal is

1000 days live and 5.6

tonnes fiducial mass

solar neutrino ER

counts (window defined ¥©2

by plot axes): 233 pp,
19 'Be, a few SN

Rn O(100)—0O(1000)
optimistic and

pessimistic cases
+ both compatible with dark

matter search goals, but the

former makes neutrino
physics much more
convenient...

solar neutrino NR
counts: 7-70 ¢B

Marco Selvi (INFN Bologna)
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as seen by LZ / XENONNT
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R. Lang, C. McCabe, S. Reichard, M.S., I. Tamborra,

NN Neutrinos from SN )(V

"Supernova neutrino physics with xenon dark matter detectors”, Phys. Rev. D 94 (2016) no.10, 1030009.

CEVNS with xenon nuclei: not affected by neutrino oscillation

Low energy events -> 52-only analysis

(in the few s burst duration the background rate is small enough: 0.02 / (t s) )

Events per ton of Xe

<999 Qhyee 99 < T AUF d Sun > e 05 4
. . L5220 Shen L5220 Shen — DARWIN (401)
Sy, [PL] (Npu) — XENONDT/LZ (7t) -
>0 0 26.9 21.1 15.1 12.3 ™ — XLENONIT (20)
=0 0 13.3 9.5 6.0 5.2 o
1 8.3 110 2.0 5.6 1.1 s 10
2 16.7 7.3 5.1 3.6 2.6 = I
3 (%) 25 .2 3.5 2.4 |.7 &n -l :
S -
S2%n [PE {Naih - |
>0 0 26.9 21.4 151 12.3 2 Gl e .
>0 0 18.5 11.0 9.9 7.6 8 F 3
20 1.2 184 140 9.5 7.6 A - >
40 2.4 18,1 13.7 9.7 7.4 = = :
60 () 3.6 17.6 13.3 9.1 7.2 = =F SRS
~ - ] . e= — . .
80 1.8 17.0 12.8 9.0 6.9 ST e .
100 6.0 16.3 12.9 8.6 6.5 0 20 40 60 30
SN distance |kpc]
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INFN  future: DARWIN Xe

Melting .point: -111.9°C

Boiling point: ~107.7C

Istituto Nazionale di Fisica Nuclcare XENON

and more fundamental physics cases
arXiv:2006.03114

- 0.8+ © DARWIN
L ] s ® Borexino
olar neutrinos ol b L KamaND
e ) ¥ SNO
‘;.0.6- {
a

0.4} H

" 0.3

* Neutrinoless double o - —
beta decay of 136Xe Neutrino Energy [MeV)

arXiv:2003.13407

Coherent neutrino nucleus scattering

-

p—

o
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.Pmiddx ]

) 28 -
110 - SuperNova neutrinos
-—
> nen
- 6107 B St Phys. Rev. D 94 (2016) no.10, 103009
v Lot ,_Qm """" we) - - -
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O’: e): 52T }_,—9 """"" NEXT-HD = XENONnNT/LZ (T1)
‘g ot 3155 — XENONIT (21)
=2-107 & 7 .-
> i :
-~ ‘ 5 1
§ ,.’ P
- P
= ,
c
&
2l

Detection significane [or]
N

6-10°° 2 ® KamLAND2-Zen oF 3:
.1026 z: z: :
4-10%, 2 a 6 8 10 12 z Py g
Exposure time [yr] I+ = Z: o I 1
R I e S !
1A SN distance [kpc|
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Fig. 1: event rate from a Cr51 neutrino source

With a 10 MCi 21Cr source

~210 events / (t * day)

Event (dru)
=
o> F S
TTTT T T
X
-
-~
™
; [
>
<

3

"
10@5

1
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(only 6 in the low energy
region of interest)

AAAAA

10°¢ 10
Electron recoil energy (keV)
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oo Neutrinos as NR calibration Av

o : R [+ R 1050000
 An O(10 MeV) beta-beam -> CNNS NR | L o
IS - . — - . Tu‘._..,. \ conp mssmanms . .
, Tt
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH ] : ’I : : LW

J0-t-2001

A novel concept lor a v, neulrino betory

. Zuocchelli U
CIERN. Goeneva, Switzer andd

Abstract 1
I | f o =h demand CECOEeIeE T | i 1y
'k« 1 ine factor wopt llrl;' I i ]
a procoace | vi of an end el m oncutiino l
ey and develosmeat add 1 it fensibllity are ongoiang. Tu tl
capt is or ., that could possibly achieve bea | pezd b -l'-‘l
nd nzle 10 favo lectron anti I =nomy

hnel

F ne for o "He deeny.

Accelerate an 6He nucleus (end point at resf: 3.5 MeV)
up to gamma = 10 (end point 70 MeV)

CNNS produce a ‘few keV->tens of keV" NR,
uniformly distributed in the detector,
with very well know energy spectrum.
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Summary plot
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Melting .point: -111.9°C
Boiling point: -107.TC

XENON

Explore WIMP DM

Spin-independent WIMP-nucleon interaction from My~ 5 GeV/c2
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