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The XENON collaboration

~170 scientists. 2/ institutions
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The XENON project at Gran Sasso
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Sensitivity improvement

All the detectors of the XENON project
located in the Gran Sasso laboratories

1.4 km rock coverage

(3800 m w.e.)

1e6 muon flux reduction
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Dual-phase XENON TPC

Optimal technique for detection of dark matter search and rare events

particle

S1 prompt scintillation
S2 proportional to ionization
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time

drift time
(depth)

cS2y, [PE]
S

102

S2/51 to discriminate nuclear
recoils (NR) from electronic recoils (ER)

3D position reconstruction
Low energy threshold

Energy reconstruction
combining ST and S2
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The XENON1T excess

Events/(t-y-keV)
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214|Pb
85Kr

- Materials
— Solar v

124)I(e
136X e

133Xe

101 ! Axions+3H favoured over 3H-only at 2.1 ¢
0 25 50 75 100 125 150 175 200
Energy [keV]
3.20¢ NEUTRINO MAGNETIC MOMENT H

20 | | | | | seu,=[1.4,2.9] x 101 pg

100 i - v p,> 10-15 would imply neutrinos to be Majorana fermions
% ol l ] ‘ l J | & Tension with astrophysical constraints
; 1 ’ ll 11 1 [l [ Ty =T { : 3.00c BOSONIC DARK MATTER
% 60 - l | ‘ ] | 1 l l l ] [ »& Including pseudo-scalar (ALPS) and vector (dark photons)
= I bosons
L 40 l 7 & Most restrictive constraints to date set
A< .

20 . . By ]
[ SRI data == 37Ar would be removed by the online Kr distillation.
0 ! | | | | The necessary air leak to explain the excess is > 13 I/
2 . year, while the upper limit from other contaminants (K,
° L i Rn) is 0.9 l/year
] | | | |
0 . 10 15 <0 49 50 https://arxiv.org/pdf/2112.12231.pdf
Energy [keV] Progress of Theoretical and Experimental Physics, Volume 2022, Issue 5, May 2022, 053H01
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NEW PHYSICS OR UNEXPECTED BACKGROUND?

3.20c TRITIUM BACKGROUND

Fitted concentration: (6.2+2.0) x 10-25> mol/mol 3H/Xe
We don’t expect that much 3H from liquid purity
Very difficult to confirm or exclude such a tiny abundance

3.40 SOLAR AXIONS

»=Non-null coupling to electrons - ABC and/or Primakoff
& Strong tension with astrophysical constraints

Solar axions + (unconstrained) 3H fit

events/(t-y-keV)

Expected o
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ABC axion
57Fe axion

Primakoff axion

Energy [keV]
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| | |
214ph: 1 pBa/kg (XENONNT goal)

214ph: 3 uBa/kg
214pb: 5 pBg/kg (achieved in SR2)

-Axion vs Tritium discrimination in nT

]
1 2 3 4 D 6
Exposure [t-y]
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Upgrades for XENONNT

ooooo
0000
o000

Larger

TPC

Total 8.4 t LXe
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Ne water tank

0.5 % Gd2(SO4)3

purification

Faster xenon cleaning
5 L/min [Xe
(2500 slpm)
XENON1T ~ 100 slpm

and INFN)



Upgrades for XENONNT

The RADON removal system / Key performance parameter

» liquid xenon inlet and outlet

» flow of 0.4 |/min LXe = 200 SLPM = 70 kg/h
» radon reduction of factor 2 for sources within detector RS BN e t=Ys B=1a cryogenic
» further reduction by gas extraction from cryogenics distillation column

\_ Basic removal concept proven: EPJ C77 (2017) 358, arXiv:2009.13981 | 222Rn level (goal)

= In XENON1T was
51 13 yBag/kg (science run)
4.5 uBg/kg (latest R&D run)

i | Illﬁ*i

!
| ﬂ}# H H{H W{”” *{}* \ it ;’*i

rate [uBg/kg]
w

*N*

Large Xe flows using Rn-free compressors
and heat exchangers

i* ﬂ

[‘Hﬂhw |

+ 222Rn a-decay best fit equilibrium: (1.72 = 0.03) uBqg/kg
0 —— ' ' ' | | Rn contamination in first SR is 1.7 uBg/kg
g2 - . | Wilbereduced to <1 uBg/kg in next science
I PN B A T S L
2 -2- o ' ‘ arXiv:2205.11492

0 10 20 30 40 50
days since distillation start (intermediate mode)
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Upgrades for XENONNT

The purification system

XENON

0.67 ms 0.65 ms

2.2 ms 10+ ms 86 % @15 ms

Search for new physics with XENONNT

Replaceable filter units and low Rn emanation
High flow of 2 liters LXe/min (350 kg/h)
Electron lifetime tfrom 100 usto 5 msin 5 days

Electron litetime > 10 ms in science run (maximum drift
time in the chamberis 2.2 ms)

9 C. Macolino (UnivAQ and INFN)
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Upgrades for XENONNT

The neutron veto

Tag neutrons which contribute to
background in WIMP search

Gd-loaded Water: 0.2% of Gd in mass
-> 3.4 t of Gd-sulphate-octahydrate;
(technology from EGADS-SK colleagues)

Water cherenkov detector around
cryostat with 120 8" PMTs inside an
enclosure of reflective panels

0.8
§  Sdoud chincidarion
>’O.7 1 * } * } * + } 4 veto window length 600 ps
£ 0.6 t 4 by
: : : g t
Science Run 0 running with pure water, . Hhy by
. .. 5 04 $
tagging efficiency was 68% - Yoy ’
2 02 |
Z
S
. . reliminar
Gd -doping to increase performances 't , 0.0 - . . .
38 L\ 7 0 5 10 15 20 25
(85% efticiency with 0.2% Gd) Ares,hpeshicld {pe]

Search for new physics with XENONNT 10 C. Macolino (UnivAQ and INFN)

XENON



XENONNT: Science Run 0

97.1 livetime days (from July 6, 2021 to November 10, 2021)

100 ~

Gain stable at 3%
22ORn data

All PMTs working except

80 AmBe data
17

83mKr data
23 V/cm drift field
2.9 kV/cm extraction g °07 SRO data
field E Hotspot
Hot-spots:sporadic o TED

ramp-downs of the
anode, due to localized,
high-rate, bursts of
electrons (hot-spots)

37A1r data

20 A

0 -
2021-05 2021-06 2021-07

Krypton distillation
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XENONNT: Corrections and efficiencies

i3 | e 1 S2corrected for depth and LOT SHrpT— 60
- T : . Selecti
6F 1 Lifetime Corrected S2 J mhomogeneous response + election ]
F 5 - 0.8} - Q 150
D 5F ] otal 5
< [ ] : : > 140 £
> 4k 1 Wavetorm simulation and 5 0.6 fou
5 F - . g 2
N3 1 data-driven method Iz - 1805
I i : : : o L | © =
§2 f ] (validation) drawing S 04r |2 o
e — B . D : i =
: ] subsamples of photon hits - e Solar axions
1F . 2T _
: 1 to make up a pulse for S1 | 10
I Ly ——— e ] / ‘\
"0 5000 10000 15000 20000 0.0 : EE— T —+0
S2[PE] - , "
: t Efficiency: probability to Enerqy [keV]
_ 1.0F I:..-a:-:::: reconstruct.a peak after DATA QUALI CUTS
8 = reconstruction ER data » Data outside FV
O ; . relimimna N ! .
= : Wy \Pl\\ e Events are required to pass a range of quality cuts:
g TR R S AR bottom ratios etc. consistent with real events
g 0.4 g | T : - An S2 width consistent with the expected diffusion
Preliminary &
o B S 80 - An S2 over 500 PE
a 0.2 . - ~100f5 - Not within < 300 ns of a neutron veto event
p ) \I/)VagfegOI.‘m Sll\n/}u%ﬁtlgn 120k ¢ Events must be within ER band
L e e ... lata-driven iviectnod. . . , )
e ' : : 140k : : e Fiducial volume cut selects a mass of (4.37 = 0.14) tonnes
0 O 10 15 T —. with low backgrounds
Number of Photons Detected “1%% 2030 40 50 63
R [em]
Search for new physics with XENONNT 12 C. Macolino (UnivAQ and INFN)




XENONNT: Calibrations

—
C o

Rate [A.U.]
o
(97 ]

17500
15000}
12500

-~

10000 |

cS2[PE]

7500

5000 |

2500F T E

—
L A A A l A ' A A l A A ' A l A A A A l A A A A

200 300 400 500 0.5
cS1[PE] Rate [A.U.]

83mKyr

-Injected every 14 days

-Used to estimate:
S1 light collection efficiency as a
function of position
Position reconstruction distortion

due to the field
Validate COMSOL field simulation of the
signals ratio S(32.1 keV)/5(9.4 keV)

Search for new physics with XENONNT

60 |
;"&*\, 14000
> 50 STAr } l l l ”
N < 40k ' 3000
2 calibration sources for Electron S =4 l L] 5{“{“1“» HIH“ l» l ll[
— ¥
Recoils: 2 i } ‘,ii ] ] l “H 12000
37Ar and 220Rn e 20 } l :
-, ’} ; § 1 1000
10} (»f ! ’-\ 220Rn
37Ar: mono- energetic peak at 2.82 8“”-‘—” , \ ' ' 0
keV to set the low-energy response  © _Jf™* .: A -‘ . .
and resolution models 0 2 4 6 8 10
Energy [keV]
220Rn: 212Pp from 222Rn provides a 164 BN ER W AC W Wall
flat B-spectrum to estimate cut :
acceptances and validate our energy
t h reS h O | d -F’RELI_\HN:\RY
2]
. . . &
't also defines the ER blinded regionq
3
0 20 40 60 30 100
cS1 [PE]
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XENONNT: energy scale

+}+ 9.4 keV CE [®3™Kr] +§+ 41.5 keV CE [#3"Kr] «§ 5.5 MeV a [**?Rn]
+$+ 32.1 keV CE [3™Kr] +§+ 1.8 MeV y [2!4Bi]

y2-fit H# Low energy lines =
800 +10 ++ High energy lines (excluded) 10.0 |~o—s . s e o
+20 e S e > ol
' > — — t n o - 1 a (B ®
— 37TA N D E
= - P& 5 ds g o
© 600F Yo D @7 M 85 |
-~ o G S A 8 i
~ s ¥ G O 00 A a, Pre| =
[1] - o VN '\,\/r\, . — golL reliminary ALy=1%
ay & Do Preliminary |
— . S N i 2
d:: 400 - ‘!! ly /.9 o wm = *~—i—e . = ——t——t+—0—+—o0 0+ —+—9—1
”“\\ 70 b
"”’““—r-‘..,_\\ 131m Xe
— ~— 6.5 1 1 | | | | |
500l 91=(0.1515+0.0014) PE/ph 1zsmXe\"‘—*v«uéﬁfffe" |
> g, = (16.45 +0.64) PE/e 2302 ke B 450 | il
QJ 415 keV P, :- ._.-: - ot 4 |t
'M 1 | 1 1 R
- T 400 | 2
= 25} 3 > f lii
— 0 ----{- --------------------- }--i—- I ——— 38--5-- 5 | B AQy =1.9% i [
CU " E : : -1 J. D_‘
= —25 . . . . ol Preliminary pe
7 o) 6 7 3 9 B 250 ?-“q‘—“ S o ifamer ® = @ odfle cee Mo ™ L1415 i
Q O
m Ly [PE/keV] 200 :’_. : . . . . . . - i a = 4.0
For ER sources the entire deposited energy is given by the observable PO . ! ' ' ! ' '
J00106  0viaT tooios Doiion Sootiol T ol oD
cS1  cS?2 Date (UTC)
light and charge E =13.7eV (— + —)
g1 g2

Mono-energetic peaks between 1 and 140 keV from 37Ar, 83mKr, 129mXe and 131mXe

Observed bias in energies between 1-2% included in the modelling
Stability monitored during SRO from calibration sources, 222Rn a's and materials’ y's

Search for new physics with XENONNT 14 C. Macolino (UnivAQ and INFN)




XENONNT: Tritium Enhanced Dataset (TED)

Significant effort to reduce possible sources of a low-energy

——- AC
I 83mKr

—— Total --- Xe --- 12Xe
excess as due to Tritium in XENONNT: me— 2UPh ——- Solary  —-- Materials
* TPC outgassed for ~3 months before filling GXe to reduce HTO/HT S K
e |nitial HT was considerably reduced when the entire xenon inventory ——

was processed through the Kr-removal system : [
e Xenon was transferred to the liquid storage system via high = 60 [ |
temperature getters with hydrogen removal unit (HRU) before filling &
* Prior to cool down and filling, the cryostat and TPC were treated by iv 10
continuously circulating GXe for ~3 weeks = b
® GXe or LXe was always purified via the getters when filled into the % :
cryostat 2 40

e HRUs were regenerated before SRO

0
TED: after Science Run 0, the detector was operating bypassing the 5 %
getters for the gaseous Xe purification during 14.3 days i

ces [keV]

This enhanced the H2/HT concentration in Liquid Xenon by a facto/
10-100

The TED was blinded and after unblinding no tritium-like excess
was found

Search for new physics with XENONNT 15 C. Macolino (UnivAQ and INFN)
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XENONNT: Background

S BO _ 214Pb o 136X€ . 124Xe L 83mKr
) { Data 85Kr Solar v Materials — 133Xe
D
40
: | o
= | ~
£ 30 & l | l
£ ®) | | )
N O i l
8 20 .
> O
= o
100 &
= \
N

o)
NONO

60 80 100 120 140
Energy [keV]

Search for new physics with XENONNT

XENON

Full blinded analysis with different stages of unblinding
Energy range (1-140) keV

Fiducial mass (4.37+0.14) t Exposure is 1.16 t*y

222Rn: ~ 1.7 uyBg/kg (XENONA1T SR1: ~ 12 uBg/kg)

natkr: (56 + 36) ppg (XENON1T SR1: (660 = 110) ppg)
83mKr background is due to leftover of calibrations

Spectral shape dominated by two double-weak decays:
136Xe 2v[3[3 and 124Xe 2vECEC

124Xe 2vECEC the rarest decay ever observed in
XENONI1T, now also used as a validation of the energy
reconstruction

16 C. Macolino (UnivAQ and INFN)



XENONNT: 37Ar

Why not include 3’Ar in the background model?
37Ar leak during the SRO operation is not possible since:

Cosmogenic activation is excluded
-Xenon detector has been underground for years
-Before SRO data taking the entire xenon inventory has

been distilled by the Krypton removal system
(XENON Collaboration, PTEP 2022, 053HO01)

Leak is excluded
-natKr variation allows only very small leak to be possible
-only very small leak is possible when comparing 37Ar
activity in the lab air

Search for new physics with XENONNT 17

Events / keV .

LZ background: 37Ar is observed due to

cosmogenic activation during transportation

above ground (short half-life: 35 days)

90—IJIJII IIII Illlllllllllll\Illllllllllllll IIII\IIII Illl\II\I\IIIllllllllllllllll
20 - 2.8 keV peak via electron capture E
- ’ Solar v ER - 3 Decays & Det. ER -
70 : — %Xe == Total background
- *_:SM*r Sys. rate unc. B
- “Xe Sys. & stat. rate unc.
60 - — 127Xe e Data B
50 -
40 - LZ Collaboration,
: ’ arXiv: 2207.03764 -
30 -
20 -
]O B ° ]
O- == = e S—— —— 8 e i - ——— L -y
O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Reconstructed Energy [keV ]

C. Macolino (UnivAQ and INFN)



XENONNT: Unblinding

— Total --- %Xe = --- iXe ——- AC
0 arXiv: 2207.11330 T oy T Metemss e R
,.:>\ 60_— | —
S
10 - -
IS 2
= :
k2 £
=
2 _
o 0
SRO data < ° 9 :
WIMP search AT 0 a0 60 80 100 120 140
region (blindgd) ces [keV]
E?‘(Chlded 1"99101‘1 ( BEST FIT (1. 10keV (1, 140) keV
0 20 40 00 80 100 214py, 56 +7 980 + 120
s51¢; 6+ 4 90 + 60
Unblinded ER region only c51 [PE] Materials 16+ 3 270 + 50
214Pb best-fit rate: (1.36 = 0.17stat) uBg/kg e 8.7%0.3 152050
Solar neutrino: the 2nd largest ER background below 10 keV Soarnedine 2265i023 zzzizz
) ) 12450 6=+ 0. +
The total ER background below 30 keVis (16.1 £ 1.3stat) events/(t - y - keV), o | o70z005 | 0712003
the lowest background ever achieved in a dark matter detector (~0.2x of iy : 160 £ 60
_ XENON1T ER search)! Bk : W1
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XENONNT: Compare with XENON1T

120

— B, __ l j

ol 1P ] S 100 F l XENONITT -

> [ — : . -

2 s - > sof [ | I -

= T 5 o B 1111 I T1.11 & L‘

E ;60_ 11 ¢ 14}[ [.i | ‘l_-

o A | t |

5 z | i l __

O 40fF ] -

SHE XENONNT :

| | 20 R . F

3 WI SRS LiS Lt

0 5 10 15 20 25 30 O0 ~ 5 10 15 20 25 30

Energy [keV] Energy [keV]

The excess observed in XENON1T when
modelled as a 2.3 keV mono-energetic peak, is

N is f in XENONNT!
o excess is found in ONn excluded with a statistical significance of ~4c

Bo = (16.1 = 1.3stat) events/(t*y*keV) in (1,30) keV The best-fit rate of tritium is 0 and the upper

limit (90 % C.L.) is 14 events/(ty), i.e.to a
concentration of 5.4x10-26mol/mol of tritium in

g xXenon.
Search for new physics with XENONNT 19 C. Macolino (UnivAQ and INFN)

Factor ~5x reduction wrt XENON1T
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XENONNT: Solar axions

10_7 E I
: ' >
i KsVL =
' : é; 10710
10_8 e : E 3 = : w\/
: i > | : o
i I N -
I
- 5 . XENONNT 10-11E
-9 L | . _
I> 10 i (ThlS WOrk) ) PandaX-II
O . 1 S LUX
& i : XENONNT i
— ! 10-12F (this work) NS
> 10~10 LCAST (mg < 10 meV) HB stars = : . g
> E | 1 T e L - 1 U i
ﬂlpc—g | r-f’, il
E - R
o - | -13 e eaaen o ol (UBINIIEDE A NP S
10~ 2 7 = \ 0702 0 1 10 102
& 19)5 O : axion mass [eV/c?]
l Z
-12 . M 1 g a1 M P
10 10-13 1012 10-11
Jae

XENONNT compatible with background-only hypothesis

Axion signal assumes axio-electric effect and reverse Primakoff effect

Best direct detection limit of g..

for axion mass below 100 eV/c2

Best direct detection limit of g,, for axion mass between 1 and 100 eV/c2
90% upper limit on 14.4 keV peak from 57Fe solar axion component is 20.4 events/(t yr)
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XENONNT: Bosonic DM

10—11

10—12 :

Jae
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10—14 !
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Bosonic DM: ALPs and Dark photons
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No limit/sensitivity between (39, 44) keV/c2 because 83mKr background rate is not constrainead

Competitive limits for mass in (1, 39) keV/c and (33, 140) keV/c

Maximum local significance ~1.8 o at ~109 keV
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XENONNT: Neutrino magnetic moment

Massive neutrinos imply a not null 10719
magnetic moment — if new physics raises PandaX-II
' ' ' ' XENON1T
this magnetic moment, it may cause an - . 1 i
enhanced neutrino scattering rate T 7 T
Gemma
— 1
= 1011} -
Constraint on neutrino magnetic moment 3% - Whit '
Upper limit at yv < 6.3*10-12 uB - 1
' Globular |
. e . Cfusl%e? XENONHT '
The most stringent limit in any direct _ T (This work) .
detection experiment
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XENONNT: 124Xe 2vECEC
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214Xe 2vECEC recognizable in the energy spectrum due to the ultra-low background:
_L peak visible even with only ~1% BR

KL & KK peaks used for calibration purpose (energy resolution)

The measured half-life Toygcec = (1.15 £ 0.13 £ 0.14 ) x 1022 yr with a significance of 100

Consistent with the previous XENON1T result, Tovecee = (1.1 £ 0.2 £ 0.1 ) x 1022 yr [XENON Collaboration,
Phys. Rev. C 106, 024328]
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XENONNT: Conclusions from SRO ER search

XENONNT pertormances in SRO:
>10 ms electron lifetime and (1.77 +- 0.01) uBg/kg radon concentration

Exposure 1.16 tonne years (2x XENON1T)
Lowest ER background ever achieved in a DM experiment (0.2x XENON1T):
(16.1 +- 0.3) evts/(t yr keV)

No evidence of 3H, even in the TED arXiv: 2207.11330

Search for new physics in ER data: best fit signal strength 0, XENON1T peak rejected at 8.60

Exclusion of XENON1T excess: measurement incompatible at ~4o
No evidence of 3H, even in the TED

Most likely explanation of XENON1T excess is a small 3H contamination

Big effort in XENONNT to reduce tritium outgassing

Competitive limits on several new physics models
Search for new physics with XENONNT 24 C. Macolino (UnivAQ and INFN)




XENONNT: What next?

Unblinding Nuclear Recoil data soon for Follow us at:
WIMP search

@» xenonexperiment.org
[G) xenon_experiment

A second science run (SR1) with tfactor 2
lower radon level is ongoing Q XENONexperiment

XENON PR Team: xenon-pr@Ings.infn.it
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The future: DARWIN

Existing collaboration working on a CDR for a

_arger detector with
_ower background: the irreducible

neutrino background

1044

[
<
(-]

[
°
©

-+10710

R&

D on electrodes, photosensors

Py -10712
S aemas -== DarkSide-20k (100t-y) |
""" - -~ PandaX-4T (6t-y)
~ =~ XENONNT (20t-y)
-== LZ (15t-y)
~-- DARWIN(200t-y)

[

<
»
(=]

[
<
Y
©o
=
<
[
w

Neutrino Coherent Scattering

S| WIMP-nucleon cross section [cm?]
S
=
°

S| WIMP-nucleon cross section [pb]

Tt 102 100 1%
WIMP Mass [GeV/c?]

=
<
ul
-~ ©
° L a1 1 — a1 L — a1 1 PR T T | n PR T T | 1 PR Tt
o

Based on XENON detection techniques but different challenges related to larger and much
more radiopure detector
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The future: XLZD consortiu %

Zeplin-|

arxXiv:2203.02309
. C ONsS Ortium b etw een XENON /D ARWI N an d LUX' Z eplin A Next-Generation Liquid Xenon Observatory for Dark Matter and Neutrino Physics
- J. Aalbers,'2 K. Abe,>* V. A > F. Agostini,® S. Ahmed Maouloud,” D.S. Akerib,»? D.Yu. Aki .8 J. Akshat,”
(LZ) eStabIIShed on J UIy 2022 A.aK.eZSl Musalhi,fb F. Aldei,rlrieS.K. Algs(l)lsrz,rilz L. Altli?li)eser,laéoé.osl? Amarasingffel,l"‘ F.D. :ma,rol,lngm./;. Ames,Sl’glt

T.J. Anderson,”? B. Andrieu,” N. Angelides,'® E. Angelino,'” J. Angevaare,'® V.C. Antochi,'® D. Antén Martin,2°
B. Antunovic,2 22 E. Aprile,?2® H.M. Araijo,'® J.E. Armstrong,?* F. Arneodo,?®> M. Arthurs,'* P. Asadi,?¢
S. Baek,?” X. Bai,?® D. Bajpai,?® A. Baker,'® J. Balajthy,3° S. Balashov,3! M. Balzer,3?> A. Bandyopadhyay,3?

° g J. Bang,3* E. Barberio,3® J.W. Bargemann,3® L. Baudis,® D. Bauer,'® D. Baur,3” A. Baxter,3® A.L. Baxter,®
Memorandum Of underStandlng between XENON and M. Bazyk,3° K. Beattie,*° J. Behrens,*! N.F. Bell,3® L. Bellagamba,® P. Beltrame,*? M. Benabderrahmane,??
. E.P. Bernard,*>4°% G.F. Bertone,'® P. Bhattacharjee,** A. Bhatti,?* A. Biekert,*>4? T.P. Biesiadzinski,'* 2
DARWI N mem be IS tO COl |abo rate Slg ned on J U Iy 65 2021 AR. Binau,® R. Biondi,*® Y. Biondi,> H.J. Birch,'# F. Bishara,*® A. Bismark,® C. Blanco,*” 19 G.M. Blockinger,*®

E. Bodnia,*® C. Boehm,*® A.I. Bolozdynya,® P.D. Bolton,!! S. Bottaro,’®:®! C. Bourgeois,’?> B. Boxer,3° P. Bras,>3
A. Breskin,* P.A. Breur,'® C.A.J. Brew,3! J. Brod,*® E. Brookes,'® A. Brown,?” E. Brown,’® S. Bruenner,!®
G. Bruno,?® R. Budnik,’* T.K. Bui,* S. Burdin,®® S. Buse,® J.K. Busenitz,?° D. Buttazzo,” M. Buuck,!?

A. Buzulutskov,’” %8 R. Cabrita,?® C. Cai,®® D. Cai,?® C. Capelli,’ J.M.R. Cardoso,'® M.C. Carmona-Benitez,°
M. Cascella,'! R. Catena,®! S. Chakraborty,%? C. Chan,3* S. Chang,%® A. Chauvin,®* A. Chawla,®® H. Chen,*°
V. Chepel,®® N.I. Chott,?® D. Cichon,%® A. Cimental Chavez,® B. Cimmino,%” M. Clark,® R.T. Co,%® A.P. Colijn,'®
J. Conrad,'® M.V. Converse,’® M. Costa,’% %! A. Cottle,!% 70 G. Cox,%° O. Creaner,”* J.J. Cuenca Garcia,*!
J.P. Cussonneau,®® J.E. Cutter,3° C.E. Dahl,">7° V. D’Andrea,”® A. David,'! M.P. Decowski,'® J.B. Dent,"*

by 104 research group leaders from 16 countries

- Community whitepaper with combined science goals,

background considerations, priorities posted on arXiv
March 2022.
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