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SEARCHING for “the WIMP

Limit on Nucleon o(Sl) at 50 GeV

WIMP Limits vs Time: principal detector categories
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Credits to E. Aprile

Protagonists: 1990 - 2000

scintillators and cryogenic detectors
proof technological feasibility and are
the “starters” of the WIMP hunt

Background discrimination: 2005-2007

cryogenic detectors provide particle
identification > a breakthrough!

Liquid noble gas detectors enter the field

Scalability: > 2010

liguid noble gas detectors take the lead
in the run for the classical WIMP



CURRENT STATUS of the WIMP SEARCH

Cross Section [cm?]

Astroparticle Physics European Consortium APPEC, v1.02 ~ 1 - 1000 GeV/C2 Wiih quUid n0b|eS

10732 e

 world-wide effort with enormous

CRESST (Surf)

o technological progress in last decades
107° . .
EDELWEISS (Surf)  fonne-scale experiments with extremely
1 NS rare interaction rate
10 S paytan current limit: 0 (0.01) cts/(keV tonne year)
1_42 DarkSide-58 (S2)
0 XENENIT(SZ)
1074 /__,/‘~\\:§ i
= :—1’1(:0: :
10—46 n
10748 E \ T S--TT
10—50 ! Ll el

0.1 0305 1 3 5 10 30 50 100 300 1000 3000 10*
WIMP mass [GeV/c?]

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER 5



CURRENT STATUS of the WIMP SEARCH

~ 1-1000 GeV/c?with liquid nobles

« world-wide effort with enormous
technological progress in last decades

« tonne-scale experiments with extremely
rare interaction rate
current limit: 0 (0.01) cts/(keV tonne year)

- no discovery !

; §Eﬁbﬁ;§zzexperimental triumph: No dark matter, but
. the best “null result” in history

Searching for dark matter, the XENON collaboration found absolutely nothing out of the ordinary. Here's why that's an
extraordinary feat.
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THE "ALLOWABLE" MASS RANGE

<—|—|—|II|—|—I—H—|—H—I—H+H—H—'—HH—*

zeV aeV feV peV neV peV meV eV TeV PeV 30Mg

“wave-like” dark matter “particle-like” dark matter Ef}g‘;

- see talk of A. Ringwald
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THE "ALLOWABLE" MASS RANGE

Tttt
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THE "ALLOWABLE" MASS RANGE

Tttt

zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV 30Mg

“wave-like" dark matter “particle-like” dark matter E'oe}g';

DM absorption DM scattering

DM DM
DM
SM
SM

SM SM

- Possible production scenarios discussed before by M. Cirelli
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THE "ALLOWABLE" MASS RANGE

Sttt

zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV 30Mg

“wave-like" dark matter “particle-like” dark matter E'oe}g';

DM absorption DM scattering - see talk of M. Kuzniak
DM DM
DM
.».. ‘..." S M

SM
SM SM

- Possible production scenarios discussed before by M. Cirelli
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DARK MATTER INTERACTIONS AN

« elastic DM - nucleus scattering (NR)
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DARK MATTER INTERACTIONS AN

. elastic DM - nucleus scattering (NR) o
@ 102
@ _ 10!
2
®){®

« DM - electron — scattering (ER) (inelastic) 10

10 T T T T
6 103 102 1071 10¢ 10! 102 103

@ Mass (MeV)
@ @ Elastic NR for H and Xe
.\

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER



MIGDAL EFFECT - promising avenue

Electron cloud

7T not ionized
. Inner electron Elastic @ / \ (in most cases)
Nuclear Recoil shell is perturbed Scatter l\
\ /
AN /

©
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@ (x) | \

\\\"/// \\\h—’
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—_——

b gx-ray
Migdal @ /// \ lonization &
Effect l excitation
\ /> (low probability)

\

AN /
S—— credits to J.Bang

change in the Coulomb field felt by the electrons results in an energy transfer from DM to the electrons

- readjustment of the electron cloud can spit out an electron of a few hundred eV = ionisation signal

BUT there is a penalty to pay > signal rates are suppressed
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1 keV/c2
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1 MeV/c2 1 GeV/c2

Si, Ge, AlL,O5, CaWO,, LIAIO, Nal '\l

NR
EEEEEEEEEEEEN g

(Liquid) noble gas defectors PR I
LXe, LAr, LHe, Ne Sl
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CRYOGENIC DETECTORS - the Renadissance

10"
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WANTED: large targets
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CRYOGENIC

~ 1 event/ kg-day WANTED: large targets

= exposure is driver

WANTED:
low energy thresholds - liquid nobles are

avenue

SI WIMP-nucleon cross-s

- performance is the driver

~ 1 event/ tonne-year

- cryogenic detectors
+ new technologies

WIMP mass (GeV/c?)
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CRYOGENIC DETECTORS

Primary signal:
heat bath = 10 mK dark maftter creates phonons / heat

thermometer - temperature increase measured by thermometer
__~ (TES, NTD) - precise measurement of (almost) full deposited
energy

o(keV) > 0(uK)

/ o —— absorber

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER



CRYOGENIC DETECTORS

heat bath = 10 mK

thermometer
- (TES, NTD)

000000000
oooooooooo

BR R o= ) scintillation
g light
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Primary signal:
dark matter creates phonons / heat
- temperature increase measured by thermometer

- precise measurement of (almost) full deposited
energy

Secondary signal: scintillating target

- separate cryogenic detector for light signal

- particle identification via ratio of light to primary
phonon



CRYOGENIC DETECTORS

heat bath = 10 mK

thermometer
e (TES, NTD)

E-field

, Ge

ER

== NR

60 80 100 120 140 160 180 20t
Recoil energy

SuperCDMS EDELWEISS
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Secondary signal: semiconducting target

- phonon and charge sensors on target

- particle identification via ratio of ionization to
primary phonon

- surface event rejection via ID electrodes

20




SuperCDMS @ SNOLAB

iZIP detector (6 V): Ge of 1.4 kg with TESs

double-sided readout 7
with E-field-shaping [ ¥
provides z-dependence °
and surface rejection

th ~ 150 eVm By -

0 +V 0 +V 0

Cryogenic facility &
| in construction

Optimized for phonon . o
resolution and collection <i>Prompt phonons —

efficiency hﬁ%\ Luke phonons \
th ~ 60 eVn,

Credits: P. Cushmann, S. Zatschler
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P. Cushman

Credits:

SuperCDMS @ SURFACE

HVeV detector Run 1-4: Si wafer of Tcm2 x 4 mm

Single e-h resolution
Siwafer with 0.93 g

0=2.7eVee
Ey, = 9.2eV

0V detector (aka CPD) : Si wafer of 10.6 g

th =16.3 eVn,

o

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER

- see: S. Zatschler, B. Zatschler, S. Das €

PRD 102 091101
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EDELWEISS 3 see £ Guy €

HV detector @ LSM: Ge of 200 g HV detector @ LSM: Ge of 33.4 g LV @ surface: Ge of 40 g
NbSi TES to read NTD FET replaced by HEMT
the phonon signall o=0.53e - RED20

Eih ~ 20 eVee collab. with Ricochet

Ei, ~ 400 eV,

towards single
e-/h* sensitivity for Gion = 30 €V
DM-e- interaction

PRD 106 062004

Nb,Si, ,
spiral Al grid

RY S E L Superconducting Single Electron Device
C O e ionization signal SSED signal

arXiv: 2306.00166

-2 NEW program for sub-GeV searches
40 g Ge HV detectors (200 V)

- NTD for heat signal: goal opnonon =20 €V

- identify athermal phonons from heat-only
events using the NbSi TES

PRD 108 022006 Credits: J. Gascon, E. Guy
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102002

PRD 100,

Detector A - CaWO,:

exposure: 5.698 kgd
Ei= 30.1 eVpR

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER

122003

PRD 107,

Si wafer detector:
0.35¢g

exposure: 55.06 gd
Ein= 10.0 eV R

N—

092008

PRD 106,

3
§
jg -

Al,O; wafer detector: LiAIO, detector:

exposure: 0.14 kgd
Ein= 6.7 eV g

exposure: 1.161 kgd
Ei= 83.6 eV g

_/

~

various target materials

excess of events at low
energies (LEE) observed in all
detectors below 0(100 eV)

different holders - LEE related?
scintillating parts removed



LIQUID NOBLE GAS TPCs for Xe, Ar

[0)
£
|_
Proportional S2
A width O(1us)
typical thousands
photo-electrons
e
Sl drift time O(100ps)

Incoming
Particle

width O(10ns)
typical few
photo-electrons

v
——— Primary S1

Light signalr

Credit: LZ collaboration SLAC
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Dual-phase time projection chambers
-> primary scinfillation signal S1

- ionisation electrons via secondary scintillation
S2 in the gas

- particle identification via ratio S2/S1
- position reconstruction
- multi-scatter rejection

+in Ar: pulse shape discrimination

25



LIQUID NOBLE GASE TPCs for Xe, Ar

N
\

Proportional S2 \

width O(1us) '
\ typical thousands

photo-electrons l

Time
N\

\ /

Outgoing
Particle

Incoming
Particle

Light production less efficient than ionization
S$2 only-mode

- sensitive to single extracted electrons

- lower energy thresholds
e.g. XENONIT: ~5 keV,, versus ~1.5 keV,,

Credit: LZ collaboration SLAC
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DM-NUCLEUS SCATTERING LAN
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DM-NUCLEUS SCATTERING LANDSCAPE
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DM-NUCLEUS SCATTERING LAN

DSCAPE
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DM-NUCLEUS SCATTERING LANDSCAPE
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DM-NUCLEUS SCATTERING LANDSCAPE

SuperCDMS-CPD 2020

CRESST-IIl 2023

EDELWEISS surf. 2018

CRESST-IIl 2019

CRESST surf. 2017 NEWS-G 2018 ==+ CDEX-1B Migd. 2019 ==« CDMSlite Migd. 2022

=« EDELWEISS surf. Migd. 2019 EDELWEISS Migd. 2022 =« XENON1t Migd. 2019  ===== COSINE-100 Migd. 2021
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DM-NUCLEUS SCATTERING LANDSCAPE

SuperCDMS-CPD 2020 CRESST-IIl 2023 EDELWEISS surf. 2018 CRESST-IIl 2019
CRESST surf. 2017 NEWS-G 2018 = « CDEX-1B Migd. 2019 = = CDMSlite Migd. 2022
== » EDELWEISS surf. Migd. 2019 EDELWEISS Migd. 2022 = « XENON1t Migd. 2019 = ===== COSINE-100 Migd. 2021
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Credits: A. Botti, P. Privitera

Silicon-Charged Coupled Devices (CCDs)

Pixel array

_ Dark matter creates one or a few
pixel

electrons in a pixel

conduction

-

Fully active

valence band volume

/ v

Silicon band-gap: 1.2 eV.
f Mean energy for 1 e-h pair: 3.8 eV.
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P. Privitera

A. Botti,

Credits:

Silicon-Charged Coupled Devices (CCDs)

Pixel array

_ Dark matter creates one or a few
pixel

electrons in a pixel

conduction

- repeately measure charge
- sub-electron readout noise

valence band

& >/

Standard CCD mode: charge in Skipper CCD: charge in eact

each pixel is measured once pixel is measured multiple times
5

o bbb owO = Nw
measured charge in pixel [e]
“ measured Eharge in pixel [e7]

Readout-noise: 3.5 e RMS Readout-noise: 0.06 e RMS
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Privitera

P.

Credits: A. Botti,

Silicon-Charged Coupled Devices (CCDs)

Zoom

N Pixel array
. : Dark matter creates one or a few
- /__pixel electrons in a pixel
na ~ - repeately measure charge

- sub-electron readout noise

-~

- 50 pixels

Muon

Excellent spatial resolution:
SENSEL: ~ 20 mm x 100 mm, 5.4 Mpixel

o
15x15 um?2

pixels
i ——— \
5 10 15 %20 25 30

" Energy meagured by pixel [keV]

a) b) €)1x100:
Oxy Oxy x Z
v Ox o z - particle identification
<+—>
T [T - surface background rejection
z xr—>
X m—

- background measurements
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Credits: A. Botti, P. Privitera

SENSEI

SENSElI @ MINOS

(2020)

PRL 125, 171802

« 5.5 Mpix of 15 um

« qActive mass~2g

« T~135K

« 3000 dru with shield

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER

19 CCDs: mass ~ 40 g

shield fully deployed

data acquisition starting soon
goal: 5 dru for 100 g

6.3 Mpix of 15 um

6 CCDs: mass ~13 g

low background shielding
T~140K
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P. Privitera

Credits:

DAMIC

DAMIC @ SNOLAB

« 16 Mpix of 15 um

« 7/ CCDs: mass~69g

« ~200 CCD:s for 1kg

« background shielding
« T~140K

« ~10dru

PRL123 181802 (2019)
PRL125 241803 (2020)
PRD105 062003 (2022)

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER

‘Support structure
? Mpix of 15 um

DAMIC-M @ LSM

=3

Py -

4 Box with two CCDs

1 CCDs: mass ~13 g 2 2 CCD:s for first run

goal: ~ 200 CCDs for 1kg

low background shielding

Search for daily modulation
of MeV DM signals

- see: P. Privitera €

PRL 130, 171003 (2023)

«—10%
£ m— DAMIC-M, this work
o L
® o7 Fou=1 —— DAMIC-M(2023) = = = DAMIC-SNOLAB (2019)
1510 « = = EDELWEISS (2020) =~ SENSEI (2020, recast)
o SUperCDNS (2019) = = = XENON1T (2019, 2022)
10—29 - oo PandaX-ll (2021) = = = XENONI1T Solar Reflected DM (2022)
.
10"
-
108 F
-
10°%F
-
10 .
reez
- € out
10—39 PR | -
X1 12307 07251 10
ArA1v: . mx(MeV/cz)
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DM-ELECTRON SCATTERING LANDSCAPE

10° T T TTTTT T 1T
? PRL 109, 021301

O e I A
10 Xenon10 ?

103 .................................... ....................................... ....................................

Dark Matter Particle-Electron Cross Section o, (pb)

0.1 0.2 1 2 345 10 20 100 200 1000 A
Dark Matter Particle Mass (MeV/c?)
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DM-ELECTRON SCATTERING LANDSCAPE

== DAMIC 2019 DAMIC 2023 = EDELWEISS 2020 SENSEI 2020

SENSEI@MINOS 2020 == SENSEI@SNOLAB 2022 SENSEI@MINOS Migd. 2020 SuperCDMS HVeVR2 2020

PandaX-Il 2021 = XENON10 2017 XENON100 2017

DarkSide-50 2018

XENON (S2-0nly) 2019 = XENON (SE) 2022

3109 I T T T T TTTT T T TTTTT — |||||10_27¢¢\
: : : E
= 108 ' ' ' 1026
pTT TS T S ms S, e 10 102 ¢
! CCDtechnology | 2 S
| very active and I § 5
I takes the lead at : @ @
: masses below , O 4
\ 10 MeV/c? [ 5
S o o o e e o o o - ’ 2
©
@
pum o o S o ~ Lu
g Voo
I $2-only analysis LS
: gives excellent L& 42 : _ 5
1 sensitivity to liquid : L 103 Heavy mediator............... -, G 10% &
l nobles TPCs S F., =1 : | =
\ I = 10—4 ............ DM.~..7 ... S PRI I~ s L 10740 s
/7 X s s g
> N e e = = === - E 10—5 ....... [ O O ST Tl FECe Jooeoe e ff feeeeeeneens PR S TN TR I RSO fooe eeefeepeeleot o) 10—41 é
Q 0.1 0.2 1 2345 10 20 100 200 1000 A

Dark Matter Particle Mass (MeV/c?)
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Liquid nobles via TPCs
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CHALLENGE 1 - LOW ENERGY EXCESS (LEE)

SciPost Phys. Proc. 9, 001 (2022)

= CRESST-III DetA
= EDELWEISS RED20

10° —— MINER Sapphire « steeply rising background towards
== NUCLEUS lg prototype .
107 SuperCDMS CPD lower energies

—

(=]
T
1

« Low Energy Excesses are globaly
[bz limiting the sensitivity in this

community
T A ot 1 [ SN

0.25 0.50 0.75 1.00 1.25 1.50 1.75 10!

10°{

Event Rate (Counts / kg/ day / keV)

10! 4 -

Total energy deposition (keV) 005 0.10 0.15
= DAMIC ° ° ° A
7' —— EDELWEISS RED30 Origin(s) still
> ‘ S
2 ov] e e unknown
3 SuperCDMS HVeV Run 1
» 10%] SuperCDMS HVeV Run 2 . .
E very active field
3 I .
S . . of research Workshop series:
< L T | Jun 2021
% o B ' — Feb 2022
- - - - ] - Jul 2022 @ IDM
0.1 0.2 0.3 0.4 0.5 ] . ]
Electron equivalent energy deposition (keV) 002 004 006 008 Aug 2023 @ TAUP
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CHALLENGE 1 — LOW ENERGY EXCESS (LEE)

SciPost Phys. Proc. 9, 001 (2022)

CRESST-III DetA
310 wesane steeply rising background tfowards
¥ ot lower energies
e Ny - Low Energy Excesses are globaly
2. . \ limiting the sensitivity in this
' Status: s om Y
b I community
« disfavors particle origin
« points fowards solid state physics =
effects 8 - ,
10% 91‘0[’ e’r cr S'I'Cll .WEISS RED30 Orlgln(S) Sh" |
3 10! g y L-L;'l-(:'(i'[) Unknown
il and/or sensors
i s and/or holding J very active field
S of research Workshop series:
Jun 2021
g 1o | Feb 2022
o - - — o | Jul 2022 @ IDM
Electron equivalent energy deposition (ke V) :\:\: :11;4 :w:lv 0.08 Aug 2023 @ TAUP
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CHALLENGE 1 — LEE in CRESST-lll st amchoeus <

LEE rate
Counts in 1/day, one point per file

Si2 wafer from 0.04 keV to 2.0 keV, efficiency-corrected

50 - — fit result
More warm-u p CYClES! ----- powerlaw, slow time decay
-=-=- powerlaw, fast time decay

—-- constant

40 Si2 data

—“
Q
wn
—t
(@)
o
3
o
>
)
>
(r

0 100 200 300 400 500 600 700 800
Days since start of data-taking

credits: M. Kaznacheeva arXiv: 2207.09375
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LEE rate increases prominently
after warm-ups:

- excludes radioactivity

- excludes DM explanation

Origin(s):
- Mechanical stress?e

- thermal expansion?

- > REDUCE STRESS LEVEL
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CHALLENGE 2 - ENERGY CALIBRATION

- see: V. Wagner €&

Energy scale s

Electronic recoils:

low energy X-rays

LED sources

lasers

target material activation

Nuclear recoils:
neutron capture reaction

-> the CRAB project

3
e : / JINST 16 P07032
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CHALLENGE 2 - ENERGY CALIBRATION

Energy scale

Electronic recoils:

low energy X-rays

LED sources

lasers

target material activation

Nuclear recoils:
neutron capture reaction

-> the CRAB project

/ JINST 16 P07032
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Counts / 2 eV

30 F

15 F

10

CRESST—III PRD 108 022005

) [ Data
““W isotope —— Best Fit
expected recoil energy 112.5
eV
1=(107.8+1.3) eV
o= (5.6+1.3) eV
l“l. 11,
A
100 200 300 400 500

Energy (eV)

- see: V. Wagner €&

Thermal neutron capture

on ]82W

- de-excitation with a
single gamma

- mono-energetic
nuclear recoil
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- see: J. Xu, P. Majewski<

CHALLENGE 3 - MIGDAL EFFECT

Potential enhancement of low-mass DM sensitivity for
existing experiments, in partficular liquid nobles (LXe, LAr)

- actively used to set some of the strongest bounds:

XENON1T, PRL 123, 241803 (2019); XENONnT, PRD 106, 022001 (2022)

LUX, PRL 122 131301 (2019); DarkSide50, PRL 130,

101001 (2023)

EDELWEISS, PRD 106, 062004 (2022); SuperCDMS, PRD 107, 112013 (2023)

CDEX-1B, PRL 123, 161301 (2019)

- theory set and (almost) straight forward BUT laboratory measurement missing and mandatory

Measurements at LLNL LZ TPC

“15M of 2.45 MeV
monoenergetic neutrons TPC

High enerbne'u'rrons of 14.1 MeV

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER

NILE facility at RAL

/

A

H Y
X .__/Y N

PMT
cathode
ER#%x? v

TSUTOn "’N"‘\. CF, gas
G-GEMs

ITO anode /

=

L\

D-D: 2.47 MeV and D-T: 14.7 MeV

first science on
the way;
stay tuned for
robust results in
the near futurel
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DETECTION TECHNIQUE and TARGETS

1 keV/c2 1 MeV/c2 1 GeV/c2

Cryogenic detectors
Si, Ge, ALO5, CaWO,, LIAIO, Nal N

=l
NR

EEEEEEEENEEENN Q.

...lots of space

to still be

xplored. .. (Liquid) noble gas detectors ¥ ’“i”
explo ea LXe, LAr, LHe, Ne 4 *

I BB EEEEEEBEHEHNHRNBENNRER
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A new player — the TESSERACT project

- see: S. Hertel, R. Romani<

. Athermal Phonon Collection Fins (Al)

. TES and Fin-Overlap Regions (W)

= = = =/ S) [=

1 photon 1 He atom o
/ P, \
/ [
/ - phonon/ 1
/ ... roton | 5
'..-" excimer w‘ -
GaAs " - LHe

Goal: use multfiple target materials (GaAs, sapphire, ...)

+ advances in TES sensor technology
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HeRALD - superfluid “He > see: S Herel¢

LEE may have spontaneous relaxation of detector materials as origin
- “4He target is in superfluid state = close to quantum ground state = stress-free region

Calorimeter 600
L — — j— p— \
- e—- - —
- - - -
. — — -
liberated \ T / 500 1
4He atoms Y 2
\ N4 £ -
A A S 400 A .
— 2, 8
g 5
L i d & 300 1 3
quasi- - . = B
. 4 2 8 - c
particles : : : g . T
~ B @ 200" 5
0] e . an : °
- atomic o 8
~ i s
N recoil 100 4 ' g
(42] i\ . é‘,
Al 3, . i}
= :
! ) . 0 S NDRT .
S He (isotopically pure, <100mK) 0 100 200 300 400

S2: Evaporation [eV in Si]

First key measurement. evaporation channel ‘gain’ aka ‘efficiency’

- gain of 0.15 (1eV of energy deposed in the 4He phonon/quasiparticle system appears at 0.15eV)
- = work in progress
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NEW technologies entering the field

«  MKIDS with BULLKID > M. Vignati
* Qubits -2 R. Linehan
* Magnetic sensors with MAGNETO -2 G. Kim

« Narrow-gap Semiconductors with SPLENDOR - S. Watkins
« Polar crystal with SPICE - R. Romani
« 3He with QUEST-DMC - E. Leason
« “4He with DELight - F. Toschi

.. apologies if | missed your favorite topic |
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OVERALL PICTURE

improved detection techniques
+ EXCESS solved
+ calibration done, incl. Migdal

+ new players optimized for sub (sub) GeV

exploration of the full low-mass

parameter space!

AND: exposure needed

at O(tonne-years)

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER

= CRESST-IIl 2023

SuperCDMS-CPD 2020
= CRESST surf. 2017 NEWS-G 2018

= . EDELWEISS surf. Migd. 2019 = - XENON1t Migd. 2019

——— COSINE-1002021  ===== COSINE-100 Migd. 2021
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SUMMA SUMARUM

SuperCDMS-CPD 2020 ——— CRESST-Ill 2023 ~——— EDELWEISS surf. 2018 ——— CRESST-Ill 2019
——— CRESST surf. 2017 NEWS-G 2018 = : CDEX-1B Migd. 2019  —— - CDMSlite Migd. 2022
~— « EDELWEISS surf. Migd. 2019 ==« XENON1t Migd. 2019 DAMAV/LIBRA (3c) —— COSINUS 2023
—— COSINE-1002021 ~  ===== COSINE-100 Migd. 2021
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DAMA's LONG STAN

08/2021

DING

R. Bernabei, Lomonosov conference, 2-6 keV

0.1

DM CLAIM

25 years of data

% 0.08 [t DANLA/NaI (029 {ORXYT) mpmmmmp © | s DANIA/LIBRA jphL (104 tORXYF) Sl | | s —
. S T T T [ O S (N KN SN (RN KN AN KNS (NS IR S S I A I
i 008 B L ¢ 1 1 Lo A [ e N [
iz SH | R e (T T T B I I [ I [ I I T e A A B R R I
i 0.04 - § IP : i : l{‘ A [ [ | [ | [ [ e e e R [
3 | ' 1 i | H | i H | | I | | | | | i | i | H | i | H H | i | H | |
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= —002 .% b 1 T oA T R T | T I T A S T I T
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1000 2000 3000 4000 5000 6000 7000 8000 9000

Total exposure:
Stafistical significance:
Energy region:

2.86 tonne years
13.7 0
2-6 keVee

Claim: positive evidence for the presence of DM
particles in the galactic halo
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Time (day)

Nal community using room
temperature scintillators - lots of effort

SABRE >
ANAIS-T112 =2
COSINE-100 =2
PICOLON =2

G. D'Imperio

I. Yanguas, I. Casas
H.Su Lee

Y. Urano
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COSINUS - the "cold” DAMA-check

> see: V. Zema, M. Bharadwaj, R. Maji<

remoTES readout for Nal first physics results cryogenic low background
arxiv 2307.11139 facility in hall B @ LNGS

Au-wire ~—— 1 band ——— ~ band
AU-pad \ AU}pad 2.0 —_— fjjl ::::j —— I inelastic
"". 15 |
N ) ) ‘
™ 3 " 3 [ 3
5 < o BT R R Ay ER
o Wafer T NS ) e
— TES Zoosfe o === g
0 Thermal link 5 D ST it NR
= to heat bath T P
< .
<
= —0.5
=
Z _10 1 1 1 1 1 1 1
25 50 75 100 125 150 175 200
Energy - neutron calibration(keV)
o(Nal) = (0.441+0.011) keV
DAMA islands
105 L —— COSINE-100 2021 (6307 kgd)
~ =~ this work - ROI (11.6gd)
this work - acceptance region (11.6gd)
10% -
10t
a
)
© 107! |
10-3 |
1075 | 6307 kg d
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CONCLUSION

CRYODETECTORS

probe new parameter space with small-scale detectors
for both NR and e - DM interactions

(;1\0\\“\\\3\““3 Low Energy Excess (LEE) is limiting sensitivity
WAL

CCDs

remarkable technological progress and most stringent
limits below 10 MeV/C2 fore -DM (heavy mediator)

N REQURED further overall background reduction
AC

¥z 1 5%

LIQUID NOBLE GAS TPCs
Migdal effect brings sensitivity < 1GeV/c?

new projects potentially
Immune to these
challenges

we
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Spherical proportional counters — NEWS-G

E Field [V/m]
10°

SPCs are metallic spheres filled with
gas, with a central anode producing
a radial electric field

« different gases (Ne, He, H)

» |ow threshold (single-ionization)

* sphere provides optimal
volume/surface ratio

MAX PLANCK INSTITUTE FOR PHYSICS / K. SCHAFFNER

SEDINE @ LSM

Ne + CH,4 (0.7%) at 3.1 bar
exposure: 9.6 kgd
E;,= 150 €V e (analysis threshold)

- see: J.-M. Coquillat&

$140 / SNOGLOBE @ SNOLAB

et .

sk

o s LN ‘B = (=
AL

'35 cm ¢ diarQete

10 days of data taken at LSM
with CH, before shipping to
SNOLAB

Data taking ongoing
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/[ — MIGDAL

Preliminary Result: Background-Only Comparison

In Background-only model:

Jeanne Bang, Austin Vaitkus, Chen Ding

e  Count total background events in Y' > 0.42 On behalf of the LZ Collaboration
e Determine significance of excess in model over data
o Systemati rtainties of background ts i ted in full Number of events
cglzj;ao:wuzcﬁozg(;:;gf ackground components incorpora in tul Source LIIITI'I1 s'l; oalzen UCLA Dark Matter 2023
P(N2N [, o0 (14K)), k = (sys. unc.)p, 03/31/2023
Observe a 3.4 o excess in data in Y’ in region of high S/B Observed Data Events 23
104 Preliminary = zssuz — Ek;cg:){ sSs 0.3 +/- 0.1 (sys.)
1034 —— MSu3 + LZ DD Migdal Data i MSU2 4.9 +/-0.1 (sys.)
5 Preliminary Result reports Event Prediction
c 1074 Data and Background only in this - 1
§ Green Shaded Region (Y' > 0.42) MSUS | 2.4 +/-01 (sys)) Conclusion
104
E b + IF10SU | 20402 (sys) e Direct search of L and M-shell Migdal effect is performed for LZ experiment
© 10% SREE —— Total BG Model | g 6,1 05 (sys.) using 15M neutrons into LXe TPC at 2.45 MeV
1o N e Compare results with expected Migdal signals in S1-S2 space calculated
- versus BG-only Model | 340 based on Ibe et al. and Cox et al.
10724 - -~ " 0's " 07 o | Poiss(n2231u=0.6+0.5) o Sensitive to Migdal Events with Nuclear Recoils in energy 10-74 keVnr
Y’ (=rotated S2, bin size varies by Y’3) o qu Qredlcts r?tes ~1.2x thqse of Ibe . .
mm e In preliminary high-S2 region analysis, observing 23 events on a background
9.6+0.5(sys)

o Observed excess consistent with Migdal signal predicted by Ibe and Cox
o The background models are well-constrained and are dominated by:
= Unresolved Neutron Multiple Scattering (MSU) being consistent with simulations and
well constrained by data (MSU-only region)
m Inelastic Nuclear Recoil + local Compton Scattering of Emitted Gamma-Ray (IE+CSU)
highly suppressed/evaluated with simulation and calculation.
o  All other backgrounds are subdominant
e Profile Likelihood Ratio (PLR) analysis using more observables that contains
an expected 6 L-shell and 152 M-shell (if Ibe et al., 1.2x higher if Cox et al.) is

being finalized
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MIGDAL @ LLNL > see: J. Xué

L-shell (>3kev) Migdal search

ER median
= ~410k NRs for L-shell search
— Larger S1 signals = less Vonla
stringent S1 cleanliness cut 2> 400 = Summary
increased event statistics | e
) | 02
= Signal ROI defined as within 84% & 3001 2
contour (Egx>3keV) and above ‘g g = The Migdal effect can substantially improve the sensitivity of existing experiments to
signal median 5,200 3 low-mass dark matter interactions
— Well separated from NR P 101
opulation %) * Tagged scatters of neutrons with liquid xenon is a promising approach to search for the
pop g8 q p g app
100 - - Migdal effect directly
= 5.7+/-1.2 signals expected . . ; T -
= | . 10" = We carried out a direct search for the Migdal effect in liquid xenon and achieved a
= 2 events observed 20 40 60 80 100 lower background rate than the expected signal rate
S1 [PHE] . . . .
- 2.1+/0.9 backgrounds expected o Analysis of experimental data suggests that we do not observe events at the predicted
Data set used for the L-shell Migdal interaction (Egz>0.5keV) search rate in our expected signal region

= Xenon recombination physics may explain the null result

* Low-mass dark matter search could still benefit from the Migdal effect since the NR
component would be negligible (no significant recombination enhancement)

= Additional experimental efforts are being planned to more definitively test the Migdal
effect predictions

Lawrence Livermore National Laboratory N A‘S& 13

LLNL-PRES- 853501 Navome Nuxioar Secuniy Amwamaten
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NEW OPPORTUNlTlES — CEvNS > see: M. Vignati€

The CEVNS Spin-Offs
CRESST SuperCDMS EDELWEISS .
G G :
‘ OS(Q’Q,O ;/;Tt Cz‘ E
ny Cleus
ILL
France

What’s the point for DM searches?

Nail-down CEVNS cross-section Boost for detector R&D Calibration of detectors via CEVNS(!)
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