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Pietro Giampa February 10, 2025 at 11:02 AM

*’ TRISEP 2025 Graduate Summer School - Speaker Invitation

To: csavares@uw.edu

Dear Claudio,

On behalf of the organizing committee, | am writing to invite you to give a series of three 1.5-hour lectures

on experimental dark matter searches at the 2025 TRISEP graduate summer school on elementary particles. The
school will be held at TRIUMF, in Vancouver, Canada, between June 16-27, 2025. In particular, we were hoping to have
this specific lecture on either the 26th or the 27th, but we can obviously be flexible if needed.
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Wait, should | cover this stuff too?!

\I am an expert in this field!

Yikes, I'd better find some reviews about this topic
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Ugh, seen that,
done that...

1. Dark Matter 101

—istory o AX]
—vidence o \\V
e \\Vhat do we know

2. Dark Matter Candidates

3. Experimental Search Channels
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Luminosity to infer total
mass of the cluster

Prediction of average
galaxy velocity

Emission spectra
red\blue shift to
measure velocities

Discrepancy In
velocities and mass!

Dunkle Materie
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e | uminosity to infer mass protile
of the galaxy

e Prediction of stars’ velocity

e Emission spectra red\blue shift
to measure rotation velocity



Matter+Energy in the Universe

Afterglow Light Pattern
375,000 yrs.

Dark matter

(1)  Inflation o

Dark energy

69%

Neutrinos
7 Fluctuations

Fhotons

\\. Black holes

» Baryonic Matter
- Dark Matter
» Dark Energy

Development of
Dark Ages Galaxies, Planets, etc.
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Dark Energy
Accelerated Expansion

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years

Inflation?
CMB era

Re-ionization...
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Some cool math

Angular scale

Multipole moment, ¢
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Bullet Cluster MACS J0416.1-2403




tipole expansion Galaxy velocities Rotation curves
thermal anisotropies Gravitational lensing (Bullet Gravitational lensing

<

Compelling evidence at all scales
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e Primordial Black Holes

e (Generated right after the

e PBH 10-16-10-2 Mo window will be

closed by observation of micro-lensing
of X-rays emitted by pulsars and y-rays
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~70 orders of magnitude!
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massive, cold, neutral, weakly interacting
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e Originally invented to solve a completely unrelated
problem - the Strong CP Problem

e | ater recognized to be a viable DM candidate

o Considerable experimental efforts are now being
made to search for axions
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electron and neutron Electric Dipole Moments (EDM):
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field trapped in a well V(a) ~ 1/2 mc%a2 where
ne mass of the axion field
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Interactions and Parameter £
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Equilibrium: T > m, and '~ = (
y7 < ete”,q7, WW~,HH, ...

V)”eq

ann

0 —m)(/ T

Cool-down: T ~ m, = I and

WIMP density is diluted by the expansion

prod

Freeze-out: T < m, = I ~ () and

.. <H

prod

DM abundance
m n(x)/neq(le) |GeV]

Weaker cross-sections produce higher freeze-
out abundances
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~ 0,..k = WIMPs can be observed!
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Direct detection
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— 0 10 20 30 40 50 60 70 80
- Slc [phd]
Productlon

. Annihilation in SM particles | S L * Scattering with SM particles

» Universe is our lab! ¢ | e Spans over many orders of

untagged jet
ag j,&l’ MET

\(

» Mostly space-based detectors X &Pl magnitude In mass v

» Background fluxes difficult to [ I 74 e Depends on local pov X

p-tagged jet

predict X * Rare events and huge bkg X
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CMS DETECTOR

STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Ovwerall diameter :15.0m Pixel (100x150 um) ~1m?* ~66M channels
X Overall length -28.7 m Microstrips (80x180 pm) ~200m?* ~9.6M channels

Magnetic field :3.8T
SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

./ MUON CHAMBERS
== R . Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

— — ‘ Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

N [ /A | o0 A i S ., PRESHOWER
4 . | » Silicon strips ~16m? ~137,000 channels

......

Production "/ ' Vi oy,

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

"W
(ke
RS,

at -

-
-’.

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)

N ..I 09 pp CO”iSionS/S @_1 3—|—ev ~76,000 scintillating PbWO, crystals
4 experiments at collision points

HADRON CALORIMETER (HC
Brass + Plastic scintillator ~7,000 channels 39
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tlectron
Charged Hadron (e.g.Plon)
w e e = Neutral Hadron (e.9. Neutron)

X (G

Production

<.‘/

‘ lectr OMBYNetK
‘ -
, ‘ LAKremeler 4
vy
\\
Madron Superconducting

Calonimeter Codenodd

On rebum yoke interspernsed
ransvene sice with Muon chambers
theough CMS

o ~4m detectors to record ~all particles produces in each collision

e Particle identification + energy/momentum reconstruction

e Virtually only DM (and neutrinos) escape undetected
33



X

—
Production

)

e Simplified models: SM + 1 mediator + 1

DM

Dirac fermion

e \isible models: mediator is produced, then decays to SM

e Semi-visible models: mediator is produced, then decays to DM

34



MissIing transverse momentum,
inferred from momentum
conservation

Invisible
Dark Matter particle

Invisible
Dark Matter particle

-V

X

—
Production

LHC collision '
interaction .
point

LHC detector
transverse
cross-section

Visible particles:
photons, jets \

; SATLAS

tXVER]



X

—
Production

e No positive observations

o Upper limits on the DM-
nucleon interaction cross-

section

JHEP 03 (2020) 145
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PRL 121 (2018) 081801

~38

10
-39
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~40
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IHEPOG (2020) 1M
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k arXiv:2403.03547
: 1 ;
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PLB 788 (2019) 316

ba 104 ; = tf resonance

6.1 1" EPJC 78 (2018) 565
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e ijet, 139 m°
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arXiv:2403.08547
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SM

SM

X

X

—
Production

e \What if

DM is light, with mass

~MeV to GeV?

e Example: dark photon A1 with
~100 MeV mass

e Produced from decay of

neutral particles: H — yA,

Sut H Is rarely produced and A1 has a low mass.

7! production cross-section (~100 mb) is 1012 times the Higgs'.

0

New search: 7° — yA,,then A, = eTe”

Sut light particles are produced mostly along the beam axis




SM

Point 4

SM

UWeES USES )

X t.i';'s7 I
UJG}‘*\,
Ve e

— . .
Production

o Exploit LHC circular geometry

PM2S Point 2

‘1 hH l uszs’uwzs

e Place experiments along the
blue tangent lines ALICE .}% * Soint 1.8 "°£l” >
e DM particles don't care about <G \"?’fi‘:;,-;,:;‘;
traveling through rock and cement! Bl ot
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SM

SM X

—
Production

e Exploit LHC circular geometry
e Place experiments along the

blue tangent lines

e DM particles don't care about

traveling through rock and cement!
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IIiT [ : | (2 laye rs)'

SM

2 ' — R SR |
[ st adia g 2t e il b i =Nl _ S g 000
e —— 00—
|
e ey T Calorimeter

FASERv tungsten/emulsion Decay Volume TimingT T 2

detector scintillator

X station

e Experimental Signature: no charged particle in the upstream veto scintillator

Tracking spectrometer stations

SM

—

. detectors + two very energetic charged tracks in downstream trackers.
Production |

TIE

PRl s

e Exploit LHC circular geometry

e Place experiments along the small, cheap,

blue tangent lines and high impact!

e DM particles don't care about

traveling through rock and cement! .



SM

SM

—
Production

e Observed events: O

3kg: (2.3 +2.3) x 1073 events.

e New world-leading constraints to dark photon models!

-Xpected

VetoNu scintillator
station (2 layers)

detector

Veto scintillator
station (3 layers)

———————— *----—_-_|I>—I
FASERv tungsten/emulsion Decay Volume TimingT
station
T ]

2 Fiducial Tracks

# of Events

lllllll | |

10°

Pre-shower
scintillator station

(2 Iayers)'

Calorimeter

scintillator

Tracking spectrometer stations

Ad35cn
L =27.0 fb™
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expected Limit
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Observed Limit
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Relic Target
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Calorimeter Energy [GeV]
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DM

o | DM undergoes self-interaction (self-annihilation), we can look for SM
poroducts of such reactions

DM density, where the

Indirect detection (decay y — SM is also an option)
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- a rate high enough

e But the resulting flux of annihilation products decreases as the square
of the distance, so can't go look too far from home!

o [Extra-galactic sources are generally regarded as too distant, within the
Milky Way Is the most promising
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Indirect detection

e Smooth component of DM halos can

be approximated to a spherically

symmetric distribution
e [his does not account for sub-halos,

but is sufficient for this discussion
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Indirect detection

Differential Intensity:
Particles per area, time Average of o and relative velocity

solid angle, and energy over thermal distribution

\ /

dNann 1 (ov)dNy ;
dAdt dQdE ~ 4x 2m3 dE an

/ J-factor - summarizes
information on DM

—nergy spectrum for particle x

spatial distribution
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Galaxy clusters (best) 18
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SM Particles from the cosmos constantly bombard the Earth.

Some of these messengers might be delivering information on DM.

- O . 1505

¥is T o N
- s o7 \\..“ 3
e J A 4 - AN
','.f'-', ot y ¥

X SM

Indirect detection Gamma Rays Neutrinos Cosmic Rays

» Point back to source ¢ »Point back to source ¢ »Not point back to source X

» Spectral signatures ¢/ »Spectral signatures ¢/ »Spectral signatures ¢

»High backgrounds X  »High backgrounds X »Low Bkg (for antimatter) ¢
» Attenuation X » Low Statistics X » Diffusion X
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—_—p e Earth Atmosphere opaque to y = Satellite-based telescope (Fermi LAT)
Indirect detection

y £, ~ (0.02 —300) GeV, Field of View ~2.4 sr

e v flux quickly falls with energy = Ground based Cherenkov telescopes
for high energy y

» Many arrays: HESS, MAGIC, VERITAS, CTA...
» E, ~ (50 — 100,000) GeV, Field of View ~5° — 107

Map of the y sky » Can reject hadronic cosmic rays, but not leptons (e-e+)
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ELECTRONIC PEARLS: The digital optical modules used to sense the passage
of neutrinos through the ice are encased in spherical pressure vessels made of
borosilicate glass. They are attached to their suspending cables at 17-meter
vertical intervals, from 1450 to 2450 meters’ depth. After a string has been
deployed and tested, the surrounding water (left over from drilling the hole)
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Map of the v sky

e[ oc: South Pole

50 -

o\/Olume: ~1 km3

o ~100 GeV

eCherenkov Light
from L conversions

e Also more

2450

experiments under

the sea: Antares,
Km3Net, P-One...

IceCube lab

IceCube
array

DeepCore
array

————————————
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freezes the detectorsinplace.

Digital optical module

vessel

— Cherenkov
radiation

Glass pressure

Photomultiplier
tube

NEUTRINO FLAVORS:
Simulations show that
each of the three types

of neutrinos will give rise
to a distinctive optical
signature when it passes
through the IceCube array.
The different colors shown
here represent detections
taking place at slightly
different times.
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Map of the v sky

e| oc: Kamioka (JP)

o\ass: ~50,000 t

—ih: ~5 MeV
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X SM

e

Indirect detection

—arth Atmosphere absorbs primary cosmic rays = AMS-02 on 1SS
y £~ (0.1 —500)GeV

Flux quickly falls with energy = Ground based observatories for high

energy cosmic rays
» Pierre Auger Observatory
» Cherenkov water tanks + atmospheric fluorescence telescopes

, £E> 10%eV = 10°GeV
54

Cosmic ray Sources
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Indirect detection .
3
e ~~ | HESS GC
e Current and future sensitivity to s- Fermi GC inclusive
. Fermi GC w/ bg modeling
wave DM annihilation to quarks v S e

Fermi satellites

and gauge bosons

PAMELA antiprotons

e More info on the Snowmass-2021

- - 10 100 1000 10000
topical white paper (2209.07426
P paper ( ) . m, [GeV]
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Indirect detection

e Current and future sensitivity to s-

wave DM annihilation to quarks
and gauge bosons
e More info on the Snowmass-2021

topical white paper (2209.07426)

Dark Matter Anmhllatlon into Quarks and Gauge | Bosons

XX — bb' XX — W+W“
l
: Current Sensitivity
|
_ |
10™2 ;
: |
'w :
(A |
= . Thermal DM
O I
= : Near Term
b 10~ 26 1 E
: |
: Far Term
:
|
|
|
|
()— ol Allll. 2 a2 aal PR Y -
l 101 10?2 10° 10* 10

Dark Matter Mass [GeV/c?]
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December

The Sun moves through a WIMP “gas”
"WIMP wind™ on Earth

The Sun orbits the galactic center
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WIMP Wind
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DM particles interacting in detectors here on Earth!

e \We do not produce the DM - traveling through a gas of

e Direct searches are branched in 2 main sub-fields:

e |f DM has any coupling (other than gravity) to the SM, we can look for

DM right now

Axion-like particles (ALPs) WIMP-like particles

Signal
» Detector

Resonant [ |

cavity ) " Photon frequency
Magnetic - ) (x axion mass)

field Photon &
Virtual -

photon | Frequency

Power

pr— )

- C ~
Axion ~———F—

Q0

PMT

Gaseous xenon

Anode

Liquid xenon

Cathode
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De Broglie wavelength of Va ~ 0 in detectors
~1peV axion: ~1 km of size ~1m

-

Classical Sea of Axion-photon
EM field virtual photons Interaction 0

mp VxB=-E+j+gaB

|

Y Additional source
term for EM waves
(i.e. photons)
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C,, - axion-photon coupling

W'Y

G - photon-cavity coupling
QC - cavity quality factor

Classical Sea of Axion-photon
EM field virtual photons interaction

e Microwave resonant cavities immersed in a static magnetic field

e B provides a sea of virtual photons to convert the oscillating axion field into a microwave photon

e [he cavity can be tuned to resonate at a precise frequency. [f no microwave is detected, tune on
next frequency - scan of parameter space.
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e Axion Dark Matter eXperiment

e ~38] superconducting solenoid magnet

e Cylindrical Cavity

» Volume: @ x H: (0.59 x 3)m3 =136 L

» OFHC annealed copper

» Resonance frequencies: (580 - 890) MHz

» Quality factor: ~(40,000 - 80,000)
» Temperature: ~(100 - 250) mK

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

e Readout: JPA amplifier based on SQUI
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—- e DM are heavy (1-100,000 GeV) particles - and slow (~100 km/s)!
Direct detection e Non-relativistic kinematics

June
WIMP Wind Ve
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UK nje | i

e De Broglie wavelength: A = h/(mv) of a 100 GeV WIMP ~20 fm
e Nucleus size ~ 1-10 fm = WIMPs interact with the whole nucleus

o A WIMP will scatter oft a nucleus and make it recoll
e \e want to detect such nuclear recoil! How to predict the signal spectrum?
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Form Factor Form Factor

/ x

S(ER) = ai Soo(ER) + ag a1 So1(ER) + ai S11(ER)

e

|so-scalar/vector {ao = ap + ap,
Couplings a] = ap — an

A

Proton/neutron |} “» = Zq u,d,s \fGF
Couplings

AP
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Scalar contribution Vector contribution

N

2 12
o =2 25+ (4= 2]+ g [ol 4+ 2) + ol 24 - 2]

N/ N\

Proton/neutron couplings Up/Down quarks couplings

2
ST _ 4 12 419
fp ~ fn = o) = - pr for the scalar contribution

e Coherent enhancement factor (A2) = Usually the scalar S| contribution
dominates over all others for nucler with A>20
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-Xperiment up and running

+ Accrue exposure (mass X time) - I.e. walit. ..

» Analyze data
* NO events or no excess above expected

background

Draw lIimits of WIMP cross-section vs mass

Best sensitivity depends on:

>~ Target atomic mass

~ Detector energy threshold

>~ In general ditferent across technologies and

detectors
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Cross section [cm?]
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What if we observe something?

lll]l

—

- arXiv:1012.3458 :

I | | | | I | I T ‘ I : —
p.=0.4 GeViem’, v =544 kmis, v, =230 kmfs k=1

My = 25, 50, 250 GeV/c2 ]
Ar, Ge, Xe separate

---------

| e DM ben‘chmarks

50 10°

m, [Ge\1/iJ3

o2, [pb]

10"

IIIII

|

arXiv:

p0=6.4 GeViem’, v, =544 kmls, v0=2éo s, k=1
My = 25, 50, 250 GeV/c? -
Ar, Ge, Xe combined '

---------

.1 Xe+Ge+Ar

1012.3458 e DM benchmarks

] l | | | L1l | |

50

m, [Ge\1/?3

A positive observation with more than one target will help constraining My and o
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Cosmic rays on the atmosphere

Secondary muons arrive at surface

Flux at sea level ~10,000 / m2 min

L .  Need a better shield than the atmosphere...
Also, activation of materials

. * Rock efticiently absorbs neutrons
Neutron generation

80
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N e Muon flux reduction factor ~(106 -108)
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All materials contain traces of
radioactive isotopes

—U-155, etc

Activities up to ~100

Worst background: N

Natural: U and Th chains,
Human-made: Co-60, Cs-137,

=[e

—UT

K-40

RONS!

Only interact with nuclei - mimic

WIMP signal

Events /
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=
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p—

I
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Counts

All materials contain traces of

radioactive i1sotopes

Natural: U and Th chains, K-40

—U-155, etc
Activities up to ~1
1200 Hoeling et al Am.J.Phys. 1898, 6
1000 + With Baqix\la 3‘
b \Q\ O:s.
800 - ! . )
L ¢ ' "E
600 :.'.."."-. " g
4N o O
400 » %

Human-made: Co-60, Cs-137,

~
P
@
L
N
| W—
™~
/)]
4J
-
@
B30/kg >
A
Hoeling et al Am.J.Phys. 1999, 67, 440.
1200 | | -
. With Banana
1000 an
800
600 -
400
200 /
- Without Banana
0 . L —
600 640 680 720 760 800

'

T

L |I1

L.

73000

1o 500 1000 1500 2000 2500
Energy [keV]
DM Experiments can be blinded by a single banana (K-40)
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SV

* Active Veto systems to tag and reject residual activity
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b

» Muon Veto - Usually Water Cherenkov detector

» Neutron Veto - Based on capture of neutrons to

produce gammas (easy to tag)
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. o *Hard limit on experimental
*Neutrinos neutral current *Background-free sensitivity for sensitivity for any detector

e Coherent scattering on nuclel exposures reaching 1 event
*How to go beyond?

*88 at low energies *Ditferent energy thresholds |
* Modulation

e Atmospheric v at high energies  *Envelope forms the neutrino floor

e Directionality
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1. Find a suitable target that:
e maximizes DM interaction probability
* maximizes energy deposition

2. Choose target excitations (signal) that:
o Are efficiently produced by energy deposits
o Travel efficiently within the target, even for
macroscopic distances

3. Develop sensors that:

e Have high efficiency to the chosen target excitations
Do not produce instrumental noise

4. Target excitations and sensors reject backgrounds.
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Ionization

IGEX
DRIFT
DMTPC
DAMIC
CoGeNT
PICO
ZEPLIN
DARKSIDE ,ArDM
PandaX
XENON
LUX

SuperCDMS
EDELWEISS

NAIAD
DAMA/LIBRA
KIMS
COSINE
SABRE
XMASS
DEAP-3600

CRESST I
PICASSO
COUPP
New Ideas!

CRESST III
ROSEBUD
COSINUS

Scintillation Phonons

o \ariety of experiments exploiting all channels

e Phonon observation requires cryogenics
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R discrimination = background rejection
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e \WIMP DM signal: nuclear recoils (NR)

“lectron Recoils (ER) are background

High density ¢/
® Self screening

e (500d scalability

—asy(-ish) purification, also online ¢

Target Excitation:
e Scintillation ¢

e lonization

R (background) rejection ¢

NR quenching at low energies X

Physical
properties

Tonisation

Scintillation

96

Atomic number 18 36
Boiling point at 1 bar, T, (K) 873 119.8
Density at T, (g/m’) 1.40 2.41
W (V) 23.6 20.5
Fano factor 0.11 ~0.06
Drift velocity (cm/us) at 3 kV/cm 030 0.33
Transversal diffusion coefficient
at 1 kV/em (cm?/) ~20
Decay time*, fast (ns) 5 2.1
slow (ns) 1000 80
Emission peak (nm) 127 150
Light yicld® (phot./Mev) 40000 25000
Radiation length (cm) 14 4,7
Moliere radius (cm) 10.0 6.6

Excellent discrimination power!

54
165.0
2.94

15.6
0.041
0.26

~ 80

27/45
175
42000
2.8
5.7
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e High active mass
e Simple design

e 411 coverage, high light yield

e Bonus (for LAr): ER rejection
via PSD on scintillation light

. . DEAP 3600
e No claim of observation | | | |
o 3279 (824) kg of active (fid.) mass e 832 (97) kg of active (fid.) mass
e 5cm acrylic vessel, 255 PMTs o 042 2"-PMTs
e Cherenkov muon veto (300t H20) e Cherenkov muon veto
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Rejection of multiple scattering
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LZ (2020)
® / (5.6) t active (fiducial) mass

e Skin detector (LXe) for y tagging

e Quter detector (LScint+Gd) for
and n tagging

XENON nT (201 9)
e 5 91t active mass

e Neutron veto (H-O+Gd) for y and
n tagging

e Cherenkov muon veto (H20)
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ER Rate [ ( kg - day - keV )]
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e Outgassing: electronegative

impurities (OZ) ® FISSIOH fI’Om U,Th + (Ot,ﬂ)

e Recirculation speed needs a e ~7n/20ty expected

DO0O0St

e | iquid purification: 5L/min of
Xe > 2500SLPM of GXe

Largely solved or mitigated now!

e n capture on Gd+(H20 or LS)

® [agging efficiency > 85%
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e 39Ar Is a cosmogenic Isotope

e 3-decay with 565 keV endpoint and ~269y of half life
e ~1Bqg/kg in atmospheric Ar

e Rejection possible with PSD, but there’s pile-up!
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e No activation in Ar from deep gas reservoirs (UAr)
e Suppression factor ~1400 demonstrated in DS-50
e Possibly higher depletion factor
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Nested detectors structure:
ProtoDUNE-like cryostat (8x8x8ms3) - Muon veto
Ti vessel separating AAr from underground UAr.
Neutrons and y veto
WIMP detector: dual-phase TPC hosting 50t of LAr
Fiducial mass: 20 tonnes
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Multiple detection channels for bkg supression:
Neutron after cuts: < 0.1in 10y

3 andy after cuts: <0.1in 10y
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Nuclear Recoils (NR)
Radiogenic neutrons, mainly from (a,n) reactions.

|—> Material selection, Neutron Veto
Cosmogenic neutrons, from materials activation

due to residual muon flux ———— Muon Veto
Atmospheric neutrinos — Irreducible
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* Integration of TPC and VETO in a single object 99 t UAr held in Ti vessel

e n Calibration
TANILIT )i.')e\
/ Gd lvaded pSeE [ AN

* TPC Vessel: - N TR 2 S
* top and bottom: transparent pure acrylic

wdrlrl

* lateral walls: Gd-loaded acrylic + reflector + 1"

* anode, cathode and field cage made with
conductive paint (Clevios
* TPC readout: 21m2 cryogenic SIPMs

(zd-loaded
PN MA
yarrel

- —
Calhode —

* Veto:

* TPC surrounded by a single phase (S1 only L G
detector in UAr I

* TPC lateral walls + additional top&bottom
planes in Gd loaded acrylic (PMMA
o to thermalize n (acrylic is rich in Hydrogen
O neutron capture releases high energy vy

* Veto readout: 5 m2 cryogenic SIPMs

TPC photo-detection system
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- Photo-

16 tiles arranged Iin 4 readout channels
TPC planes area: 21m?2

SIPM bias distribution Photosensor
2100 readout channels |
cryogenic pre-amplitiers bias Array of 24 SiPMs
Organized in 528 PDUs -
Signal transmission Signal pre-amplification

100% coverage of TPC top and bottom
Channels switch-on/off
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Concept design
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DarkSide'1 0 DarkSide-5O from Mark Boulay
e First prototype « Science detector DarkSide-20k @ LNGS Argo @ SNOLAB
- Helped to refine TPC  + Demonstrated the use of UAr  * Novel technologies - Ultimate LAr DM detector
design
» First background-free results - First peek into the neutrino fog * Push well into the neutrino fog
- Demonstrated a light | |
yield >9PE/keVee . Best limits for low mass * Nominal exposure: 200ty * Nominal exposure: 3000ty

WIMP searches 109
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\ Currently excluded
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Proven targets and
technologies

Noble element TPC
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i

Jnder construction or

New Technology |
/ unning.

e Noble element TPC

e Charge+Phonon 1046 o XENON-nT
|/
R&D, Concepts e PandaX-4T

® [csseract
e DarkSide-20k
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e Scintillating Bubble
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e DS-50 demonstrated the feasibility of LDM searches with dual-phase LAr TPCs.
« Use of ionization signals only: E,, = 0.05 keV ., with 100% trigger efficiency.

e Many models probed and world-leading limits.
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e Crystal defects or color centers

e Diamond detectors

¢ Paleo-detectors
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e Many many others!
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CO nclusm_,s

e Multi-tonne experiments are taking data

e Noble liquid technology is leading the way for direct searches at high masses

e Next-gen experiment are being designed and will push the search down to the neutrino tloor
e [n the next 10 years all the heavy WIMP parameter space will have been explored

e Next efforts to be on unambiguous experimental signatures: modulation and directionality

e [he search for DM in the low mass regime is gaining momentum

e A |ot of new ideas there!
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~Modulation with

The Iong standlng modulatlon DAMA/LIBRA
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e Exposure: 1.13 ton x year (6y) SABRE Proof of Principle
- Ve'goyessel
® Sensitive mass: about 250 kg of Wi scintillator
radio-pure Nal(Tl) crystals i Detector
Crystal
: : : o : Veto PMTs
e Statistical significance: 9.50 in PMT

(1-6)keVand 12.90in (2 - 6)keV
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* Active background rejection
*_ow energy threshold
e Hemispheres: seasonal eftects

* High purity crystals



e S0lid state detector ~3g/cms
o Target: C, N, O, Ag, Br

e High spatial resolution

o 411 tracking

e _arge scalability: OP
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Aggregates of elementary particles (bosons) from the
Dark Sector (like supersymmetric DM)
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Plcture of the extraotlon
plant used to procure DS50
UAr target (<0.5kg/d)

. COZ WeII Ig Cortez CO, USA

* Industrial scale extraction plant;

* Plant has been shipped to Colorado;

* Civil work ongoing;

* EXpected argon purity at outlet: 99.99%;
* UAr extraction rate: 250-330 kg/day;
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" Sketch of ARIAwhen  Drawing and picture of ARIA
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ARIA: UAr distillation plant

» Cryogenic distillation column in i‘
Sardinia (ltaly).

* Installed in the shaft of a coal mine
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* [hree sections; bottom reboiler, 28
central modules (12 m each), top
condenser
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* Chemical purification rate: 1 t/day

~350m

—

A

,
2\

e N A

’ AW "":.‘. A
J\ \4‘_“._;7& /AN

» First module operated according to ;’
specs with nitrogen in 2019 (Eur. '
Phys. J. C (2021) 81:359)
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* Run completed with Arattheend of  f | |
2021: results to be published soon. 3%
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* Full assembly to start in 2023
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DArT : Measurement of the activity of the 3%9Ar

» LSC, Canfranc, Spain

* Single-phase inner detector for 1.42 kg of liquid UAr

* Will be installed inside ArDM detector, acting as an active veto.
* 39Ar depletion factor sensitivity: U.L. 90% CL. 6 x 104 (2020 JINST 15 P02024).

140



