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• TOTAL 153

Some numbers

L. Roszkowski, COSMO-2022, 
Rio de Janeiro, 26 Aug 2022

Latin America
• Brazil: 51 
• Chile: 5 
• Mexico: 5 
• Colombia: 4 
• Argentina: 2 

Europe
• Spain: 8 
• United Kingdom: 6 
• Italy: 4 
• Netherlands: 4
• Sweden: 3 
• Belgium: 2 
• Denmark: 2 
• France: 2 
• Germany: 2 
• Poland: 1 
• Portugal: 1 
• Russia: 1 
• Switzerland: 1

Asia
• India: 10 
• Japan: 6 
• South Korea: 3
• Cambodia: 2 
• Pakistan: 2 
• China: 1
• Thailand: 1 

North America
• USA: 8
• Canada: 2 

Africa
• Egypt: 1
• Ghana: 1
• South Africa: 1 

Unidentified: 11

• Male/female: ~4:1
• Age profile: just look around
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www.cosmo-rio.com
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COSMO traditions:

Ø (Usually) no summary talk…
Ø Rain!
Ø Each meeting is different
Ø Common themes
Ø …

Trends and perspectives…
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Today’s COSMO menu
Ø Big Bang/very early Universe
Ø CMB
Ø Power spectrum
Ø LSS (observations vs numerical 

simulations)
Ø Hubble constant H
Ø Dark energy
Ø DM

Ø WIMP 
Ø Axion
Ø …

Ø Other relics
Ø Neutrinos
Ø Cosmic rays

Ø Gravitational waves
Ø (Primordial) black holes
Ø …

Ø Large scale surveys
Ø Collider physics
Ø …

Big Bang/very early Universe:
ØInflation
ØPBHs
ØBaryo/leptogenesis
ØBBN
ØParticle cosmology
ØString cosmology
ØQuantum gravity 
ØModels of BB 
ØHolography, etc.
Ø…
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Mid-90s COSMO menu
Ø Big Bang/very early Universe
Ø CMB
Ø Power spectrum
Ø LSS (observations vs numerical 

simulations)
Ø Hubble constant H
Ø Dark energy
Ø DM

Ø WIMP 
Ø Axion
Ø …

Ø Other relics
Ø Neutrinos
Ø Cosmic rays

Ø Gravitational waves
Ø (Primordial) black holes
Ø …

Ø Large scale surveys
Ø Collider physics
Ø …

Big Bang/very early Universe:
ØInflation
ØPBHs
ØBaryo/leptogenesis
ØBBN
ØParticle cosmology
ØString cosmology
ØQuantum gravity 
ØModels of BB 
ØHolography, etc.
Ø…

Particle physics and cosmology:
Ø Two nearly separate communities
Ø Speaking different languages
Ø Misunderstanding and suspicion…

Veltman: Cosmology is not science
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How much progress has been made? 
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Has progress been made? 
Of course! 
Know: 
Ø main components of the Universe: CDM, DE
Ø Its geometry 
Ø Hubble parameter
Ø Main cosmological parameters
Ø That Universe accelerates (1998)
Ø CMB with sub-% precision (since WMAP, ~2003)
Ø Universal power spectrum
Ø Basic mechanisms for LSS formation
Ø Gravitational waves
Ø ….

The dark energy puzzleOur current model of cosmology

• We have a superbly detailed 
picture of the early Universe 
[e.g. CMB, nucleosynthesis]

• We have a model for the 
evolution of the Universe 
that matches a range of 
cosmological data

• This model invokes 3 new 
pieces of physics : inflation, 
dark matter and dark energy
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Primary CMB anisotropies: data status

Very small scale intensity/polarisation

Very large to small scales

Intensity Polarisation

Planck collab. 2014, 2015

àEmergence of 
Standard Model of Cosmology

LCDM paradigm

Can describe physical evolution of the Universe:
Ø Down to ~10-12s (~100 GeV) with known physics
Ø Down to ~10-43s (MPlanck) within calculable models and scenarios (BSM)
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Has progress been made? 

Wealth of new observations!

à Multi-messenger mapping of the Universe

Six Nobel Prizes:
Ø CMB 

Ø 1964: Penzias & Wilson
Ø 2006: Smoot (COBE)
Ø 2011: Perlmutter, Schmidt and Riess

Ø Neutrino oscillations (2015: Kajita and McDonald)
Ø Gravitational Waves (2017: Thorne, Weiss and Barish)
Ø Physical cosmology (2019, Peebles) + astronomy…

Ø New large surveys
Ø Large scale mapping of the sky
Ø New tracers
Ø New windows (…, GWs)

Cosmic consistency

Planck Collaboration (2018) summarising constraints on the matter power spectrum 
from a world collection of surveys spanning ~14 Gyr in time and 3 decades in scale 
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present
Big Bang

em radiation

CMB370ky

GWinflation

DM

1 bln yrs

10-12sec

Windows on the early Universe…

21 cm
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100 years ago the Universe was:
§ Static
§ Unchanging
§ Without beginning or end
§ Pretty boring…

The Universe is never boring!
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Longer-term perspective



We now know 
what the Universe is made of

and how it works… 

I’m sure, darling! 
But do we actually 
understand it all?
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Do we understand why?
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Has progress been made … on the theory side?

Ø Improved calculations
Ø New effects
Ø Impact of new data
Ø New scenarios (eg. DM, relics, 

inflation, …)
Ø New mechanisms
Ø New ideas (?)
Progress can be measured by 
learning about new viable options…

…Or by reducing them!

Ø What has been ruled out over the last 20 years?
Ø Has any paradigm been replaced by another?

Less can tell you more….
Theory is still much ahead of experiment….

Just how fresh are these insights?
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Outstanding theoretical questions

ØNature of DM:
Axion? WIMP? One or more?
WIMP properties
Broader theory framework…

ØDE: 
Is it cosmological constant?
Or dynamical? Or both?
Ø…

Ø All known particle physics (SM+)
Ø DM, DE
Ø Early Universe (Inflation, Baryogenesis, …)
Ø Gravity
Ø …

Particle theory:
Ø Unification of forces
Ø EWSB mechanism (Higgs boson)
Ø Hierarchy of mEW and MPl
Ø Number and structure of fermions
Ø Nature and properties of neutrinos
Ø Flavor and CPX
Ø Dark matter candidate(s)
Ø Baryo/leptogenesis mechanism
Ø Incorporation of gravity in 

quantum relativistic theory
(Einstein or modified?)

Ø Vacuum (unique?)
Ø …

Ø Inflation: 
Mechanism, type, specific model, 
broader BSM framework…

Ultimate goal: Unified fundamental theory of:
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Much less so in actually understanding it.
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Where to expect theoretical breakthroughs?….
betting and hedging

Neutrinos
DM

Inflation

Baryogenesis

DE

or something else?
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Similar conclusions for:
Ø DE
Ø Multiverse
Ø Landscape/swampland?
Ø Quantum gravity
Ø …
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Experiment Lab Target Mass
[ kg] Ch Sensitivity

[ cm2@GeV/c2]
Exposure
[t⇥y] Timescale Ref.

Cryogenic bolometers (Section 4.6.1)
EDELWEISS LSM Ge 20 SI 10�43 @ 2 0.14 in prep. [326]
SuperCDMS SNOLAB Ge, Si 24 SI 4⇥10�44 @ 2 0.11 constr. [327]
CRESST LNGS CaWO4+ 2.5 SI 6⇥10�43 @ 1 2.7⇥10�3 running [145]
LXe detectors (Section 4.6.2)
LZ SURF LXe 7.0 t SI 1.5⇥10�48 @ 40 15.3 comm. [257]
PandaX-4T CJPL LXe 4.0 t SI 6⇥10�48 @ 40 5.6 constr. [260]
XENONnT LNGS LXe 5.9 t SI 1.5⇥10�48 @ 40 20 comm. [263]
DARWIN LNGS⇤ LXe 40 t SI 2⇥10�49 @ 40 200 2026 [234]
LAr detectors (Section 4.6.3)
DarkSide-50 LNGS LAr 46.4 SI 1.1⇥10�44 @ 100 0.05 running [149]
DEAP-3600 SNOLAB LAr 3.6 t SI 1.2⇥10�46 @ 100 3 running [133]
DarkSide-20k LNGS LAr 40 t SI 2⇥10�48 @ 100 200 2023 [328]
ARGO SNOLAB LAr 400 t SI 3⇥10�49 @ 100 3000 TBD [328]
NaI(Tl) scintillators (Section 4.6.4.1)
DAMA/LIBRA LNGS NaI 250 AM running [128]
COSINE-100 Y2L NaI 106 AM 3⇥10�42 @ 30 0.212 running [291]
ANAIS-112 LSC NaI 112 AM 1.6⇥10�42 @ 40 0.560 running [297]
SABRE LNGS NaI 50 AM 2⇥10�42 @ 40 0.150 in prep. [298]
COSINUS LNGS NaI SI 3⇥10�43 @ 40 2.9⇥10�4 2022 [301]
Ionization detectors (Section 4.6.4.2)
DAMIC SNOLAB Si 40 g SI 2⇥10�41 @ 3-10 3.6⇥10�5 running [329]
DAMIC-M LSM Si ⇠0.7 SI 3⇥10�43 @ 3 0.001 2023 [304]
CDEX Jinping Ge 10 SI 2⇥10�43 @ 5 0.01 running [129]
NEWS-G SNOLAB Ne,He SI comm. [310]
TREX-DM LSC Ne 0.16 SI 2⇥10�39 @ 0.7 0.01 comm. [313]
Bubble chambers (Section 4.6.4.3)
PICO-40L SNOLAB C3F8 59 SD 5⇥10�42 @ 25 0.044 running [330]
PICO-500 SNOLAB C3F8 1 t SD ⇠1⇥10�42 @ 50 in prep.
Directional detectors (Section 4.6.5)
CYGNUS Several CF4, SF6+ 103 m3 SD 2⇥10�43 @ 50 6 y R&D [324]
NEWSdm LNGS Ag,Br,C,. . . SI 8⇥10�43 @ 200 0.1 R&D [323]

Table 1: Current, upcoming and proposed experiments for the direct detection of WIMPs. Mass is given in kg
unless explicitly specified. The experiments’ main detection channel (Ch) is abbreviated as: SI (spin independent
WIMP-nucleon interactions), SD (spin dependent), AM (annual modulation). The sensitivity is reported for this
channel, assuming the quoted exposure. Note that many projects have several detection channels. comm. = exper-
iment under commissioning.
⇤No decision yet. A CDR for LNGS is being prepared.

events, respectively. The sensitivity of the largest proposed projects will be limited by these neutrino-
induced backgrounds. The ultimately lower background achievable in argon experiments due to the
pulse-shape discrimination of ERs allows a better discovery potential for higher WIMP mass, see Fig. 5.
The discovery potential at lower masses is better in xenon experiments thanks to their much lower exper-
imental energy threshold. When operated in charge-only mode, the large liquid noble gas TPCs also have
a good sensitivity in the low mass region below ⇠5 GeV/c2, however, the discovery potential is superior
for the dedicated low-mass searches using bolometers and crystals thanks to their lower backgrounds and
energy thresholds.

It is important to emphasize that the whole spectrum of direct WIMP searches with all its com-
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Figure 3: Current status of searches for spin-independent elastic WIMP-nucleus scattering assuming the stand-
ard parameters for an isothermal WIMP halo: ⇢0 = 0.3 GeV/cm3, v0 = 220 km/s, vesc = 544 km/s. Results labeled
"M" were obtained assuming the Migdal effect [124]. The ⌫-floor shown here for a Ge target is a discovery limit
defined as the cross section �d at which a given experiment has a 90% probability to detect a WIMP with a scat-
tering cross section � > �d at �3 sigma. It is computed using the assumptions and the methodology described
in [139,140], however, it has been extended to very low DM masses by assuming an unrealistic 1 meV threshold be-
low 0.8 GeV/c2. Shown are results from CDEX [142], CDMSLite [143], COSINE-100 [144], CRESST-III [145],
DAMA/LIBRA [146] (contours from [147]), DAMIC [148], DarkSide-50 [149, 150], DEAP-3600 [133], EDEL-
WEISS [151,152], LUX [153,154], NEWS-G [155], PandaX-II [156], SuperCDMS [157], XENON100 [158] and
XENON1T [38, 159, 160].

(vii) Backgrounds located at the detector surface are often reduced by fiducialisation, i.e., the
selection of clean inner volume. This method requires knowledge of every event’s coordinates or a
detector design in which surface events generate special signals.

(viii) Active rejection during data analysis makes assumptions on the expected DM signal (e.g.,
single scatter NR) and rejects all events which do not fall into this category. Typically the ratio of
two out of the three observables heat, scintillation and ionization is used to differentiate between ER
and NR events due to their different energy-loss mechanisms. Other methods are scintillation pulse-
shape-discrimination (liquid argon), acoustic ↵-rejection (bubble chambers) or the rejection of multiply
scattering events. Finite rejection efficiencies might lead to background leaking into the signal region. If
the signal assumption is incorrect, the signal might be rejected in the analysis.

4.5 Current Status
The results of DM searches can be interpreted assuming a plethora of different types of WIMP interac-
tions with the target. Here we summarize the status of the field focusing on the most commonly used

24

Neutrino floor: 
Coherent interactions of solar or atmospheric
neutrinos with nuclei

SI: spin independent c.s.

Present (2021):
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Experiment Lab Target Mass
[ kg] Ch Sensitivity

[ cm2@GeV/c
2]

Exposure
[t⇥ year] Timescale Ref.

Cryogenic bolometers (Section 4.6.1)
EDELWEISS-
subGeV LSM Ge 20 SI 10�43 @ 2 0.14 in prep. [348]

SuperCDMS SNOLAB Ge, Si 24 SI 4⇥ 10
�44 @ 2 0.11 constr. [349]

CRESST-III LNGS CaWO4+ 2.5 SI 6⇥ 10
�43 @ 1 3⇥ 10

�3 running [153]
LXe detectors (Section 4.6.2)
LZ SURF LXe 7.0 t SI 1.5⇥10

�48 @ 40 15.3 comm. [267]
PandaX-4T CJPL LXe 4.0 t SI 6⇥ 10

�48 @ 40 5.6 constr. [271]
XENONnT LNGS LXe 5.9 t SI 1.4⇥10

�48 @ 50 20 comm. [276]
DARWIN LNGS⇤ LXe 40 t SI 2⇥ 10

�49 @ 40 200 ⇠2026 [244]
LAr detectors (Section 4.6.3)
DarkSide-50 LNGS LAr 46.4 SI 1⇥ 10

�44 @ 100 0.05 running [157]
DEAP-3600 SNOLAB LAr 3.6 t SI 1⇥ 10

�46 @ 100 3 running [140]
DarkSide-20k LNGS LAr 40 t SI 2⇥ 10

�48 @ 100 200 2023 [350]
ARGO SNOLAB LAr 400 t SI 3⇥ 10

�49 @ 100 3000 TBD [350]
NaI(Tl) scintillators (Section 4.6.4.1)
DAMA/LIBRA LNGS NaI 250 AM 2.46 running [135]
COSINE-100 Y2L NaI 106 AM 3⇥ 10

�42 @ 30 0.212 running [306]
ANAIS-112 LSC NaI 112 AM 1.6⇥10

�42 @ 40 0.560 running [311]
SABRE LNGS NaI 50 AM 2⇥ 10

�42 @ 40 0.150 in prep. [312]
COSINUS-1⇡ LNGS NaI ⇠1 AM 1⇥ 10

�43 @ 40 3⇥ 10
�4 2022 [315]

Ionisation detectors (Section 4.6.4.2)
DAMIC SNOLAB Si 0.04 SI 2⇥10

�41 @ 3-10 4⇥ 10
�5 running [351]

DAMIC-M LSM Si ⇠0.7 SI 3⇥ 10
�43 @ 3 0.001 2023 [319]

CDEX CJPL Ge 10 SI 2⇥ 10
�43 @ 5 0.01 running [136]

NEWS-G SNOLAB Ne,He SI comm. [325]
TREX-DM LSC Ne 0.16 SI 2⇥ 10

�39 @ 0.7 0.01 comm. [328]
Bubble chambers (Section 4.6.4.3)
PICO-40L SNOLAB C3F8 59 SD 5⇥ 10

�42 @ 25 0.044 running [352]
PICO-500 SNOLAB C3F8 1 t SD ⇠1⇥10

�42 @ 50 in prep.
Directional detectors (Section 4.6.5)
CYGNUS Several He:SF6 103

m
3 SD 3⇥10

�43 @ 45 6 y R&D [346]
NEWSdm LNGS Ag,Br,C,. . . SI 8⇥ 10

�43 @ 200 0.1 R&D [345]

Table 1: Current, upcoming and proposed experiments for the direct detection of WIMPs. Mass is given in kg
unless explicitly specified. The experiments’ main detection channel (Ch) is abbreviated as: SI (spin independent
WIMP-nucleon interactions), SD (spin dependent), AM (annual modulation). The sensitivity is reported for this
channel, assuming the quoted exposure. Note that many projects have several detection channels. comm. denotes
experiment under commissioning.
⇤No decision yet. A CDR for LNGS is being prepared.
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LZ (2022)

Direct detection of dark matter -- APPEC committee report
Rept.Prog.Phys. (2022) 
e-Print: 2104.07634

https://arxiv.org/abs/2104.07634


Present (2021) Next decade+
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7 List of Recommendations
In this section we summarise the recommendations of the Report.

Recommendation 1. The search for dark matter with the aim of detecting a direct signal of
DM particle interactions with a detector should be given top priority in astroparticle physics, and
in all particle physics, and beyond, as a positive measurement will provide the most unambiguous
confirmation of the particle nature of dark matter in the Universe.

Recommendation 2. The diversified approach to probe the broadest experimentally ac-
cessible ranges of particle mass and interactions is needed to ensure the most conservative and
least assumption-dependent exploration of hypothetical candidates for cosmological dark matter
or subdominant relics.

Recommendation 3. The experimental underground programmes with the best sensitivity
to detect signals induced by dark matter WIMPs scattering off the target should receive enhanced
support to continue efforts to reach down to the so-called neutrino floor on the shortest possible
timescale.

Recommendation 4. European participation in DM search programmes and associated, of-
ten novel, R&D efforts, that currently do not offer the biggest improvement in sensitivity should
continue and be encouraged with view of a long-term investment in the field and the promise of
potential interdisciplinary benefits. We recommend that coordinated programmes are established
for dark matter detector development.

Recommendation 5. The long-term future of underground science in Europe would strongly
benefit from creating a distributed but integrated structure of underground laboratories for the
needs of the forthcoming generation of new experiments, and beyond. This strategic initiative
would be most efficiently implemented by forming the European Laboratory of Underground Sci-
ence.

Recommendation 6. European-led efforts should focus on axion and ALPs mass ranges
that are complementary to the established cavity approach and this is where European teams have
a unique opportunity to secure the pioneering role in achieving sensitivities in axion/ALP mass
ranges not yet explored by experiments conducted elsewhere. In parallel, R&D efforts to improve
experimental sensitivity and to extend the accessible mass ranges should be supported.

Recommendation 7. Continuing dedicated and diverse theoretical activity should be en-
couraged not only in its own right but also as it provides some highly stimulating, and mutually
beneficial, interdisciplinary environment for DM and new physics searches.
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Figure 3: Current status of searches for spin-independent elastic WIMP-nucleus scattering assuming the standard
parameters for an isothermal WIMP halo: ⇢0 = 0.3GeV/cm

3, v0 = 220 km/ s, vesc = 544 km/ s. Results
labelled "M" were obtained assuming the Migdal effect [131]. Results labelled "Surf" are from experiments
not operated underground. The ⌫-floor shown here for a Ge target is a discovery limit defined as the cross
section �d at which a given experiment has a 90% probability to detect a WIMP with a scattering cross sec-
tion � > �d at �3 sigma. It is computed using the assumptions and the methodology described in [151, 153],
however, it has been extended to very low DM mass range by assuming an unrealistic 1meV threshold below
0.8GeV/c

2. Shown are results from CDEX [155], CDMSLite [156], COSINE-100 [157], CRESST [158, 159],
DAMA/LIBRA [160] (contours from [161]), DAMIC [162], DarkSide-50 [163, 164], DEAP-3600 [144], EDEL-
WEISS [165,166], LUX [167,168], NEWS-G [169], PandaX-II [170], SuperCDMS [171], XENON100 [172] and
XENON1T [41, 173–175].

respectively. However, calibrating the detector response to this effect is still an open issue which will be
addressed by several groups in the near future.

Bubble chambers filled with targets containing 19F have the highest sensitivity to spin-dependent
WIMP-proton couplings. The best limit to date is from PICO-60 using a 52 kg C3F8 target [176]. At
lower WIMP mass, between 2GeV/c

2 and 4GeV/c
2, the best constraints come from PICASSO (3.0 kg

of C4F10 [177]). CRESST used crystals containing lithium to probe spin-dependent DM-proton interac-
tions down to DM mass of ⇠800MeV/c

2 [178]. The strongest constraints on spin-dependent WIMP-
neutron scattering above ⇠3GeV/c

2 are placed by the LXe TPCs with the most sensitive result to-date
coming from XENON1T [41,179]. The results from the cryogenic bolometers (Super)CDMS [180,181]
and CRESST give the strongest constraints below ⇠3GeV/c

2. CDMSLite [182] uses the Neganov-
Trofimov-Luke effect to constrain spin-dependent WIMP-proton/neutron interactions down to m� =

1.5GeV/c
2 and CRESST-III [159] exploits the presence of the isotope 17O in the CaWO4 target to

constrain spin-dependent WIMP-neutron interactions for DM particle’s mass as low as 160MeV/c
2.
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Figure 4: Sensitivity projections (90% CL) for spin-independent WIMP-nucleon scattering. The neutrino floor is
defined as in Fig. 3 and shown for different targets. Shown are projections from ARGO [360], CRESST, CYGNUS
(1000m3) [356], DAMIC-M [327], DarkSide-20k [360], DARWIN [242, 251], EDELWEISS [358], LZ [241],

::::::::
NEWS-G

:::::::::
(ECUME), PandaX-4t [278], SuperCDMS [359], T-REX [336], XENONnT [283] along with the envel-

ope of the current results from Fig. 3.

The low-mass region, from ⇠100MeV/c
2 to ⇠5GeV/c

2, will be best explored by the cryogenic
bolometers (CRESST, SuperCDMS, EDELWEISS) with their extremely low-energy thresholds. Here,
despite their reduced SI DM-nucleus cross section, lighter targets (Si, O in CaWO4) are kinematically
favoured to probe light DM candidates. Also the CCD-based DAMIC-M and the gas TPC T-REX will
be sensitive to new cross section regions in this mass range. The exploration of the medium to high-mass
range requires very large exposures and will be dominated by the massive LAr (DarkSide-20k, ARGO)
and LXe TPCs (PandaX-4T, XENONnT, LZ, DARWIN).

The discovery potential of DM experiments at their limit of sensitivity is strongly affected by
exposure, threshold, uncertainties and the level of background events. Next-generation DM experiments
will observe neutrino-induced background events via both ⌫-e elastic scattering and CE⌫NS, generating
ER and NR events, respectively. The sensitivity of the largest proposed projects will be limited by these
neutrino-induced backgrounds. The ultimately lower background achievable in argon experiments due
to the pulse-shape discrimination of ERs allows a better discovery potential for higher WIMP mass,
see Fig. 5. The discovery potential at lower mass is better in xenon experiments thanks to their much
lower experimental energy threshold. When operated in charge-only mode, the large liquid noble gas
TPCs also have a good sensitivity in the low mass region below ⇠5GeV/c

2, however, the discovery
potential is superior for the dedicated low-mass searches using bolometers and crystals thanks to their
lower backgrounds and energy thresholds.

It is important to emphasise that the whole spectrum of direct WIMP searches with all its com-
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7 List of Recommendations
In this section we summarise the recommendations of the Report.

Recommendation 1. The search for dark matter with the aim of detecting a direct signal of
DM particle interactions with a detector should be given top priority in astroparticle physics, and
in all particle physics, and beyond, as a positive measurement will provide the most unambiguous
confirmation of the particle nature of dark matter in the Universe.

Recommendation 2. The diversified approach to probe the broadest experimentally ac-
cessible ranges of particle mass and interactions is needed to ensure the most conservative and
least assumption-dependent exploration of hypothetical candidates for cosmological dark matter
or subdominant relics.

Recommendation 3. The experimental underground programmes with the best sensitivity
to detect signals induced by dark matter WIMPs scattering off the target should receive enhanced
support to continue efforts to reach down to the so-called neutrino floor on the shortest possible
timescale.

Recommendation 4. European participation in DM search programmes and associated, of-
ten novel, R&D efforts, that currently do not offer the biggest improvement in sensitivity should
continue and be encouraged with view of a long-term investment in the field and the promise of
potential interdisciplinary benefits. We recommend that coordinated programmes are established
for dark matter detector development.

Recommendation 5. The long-term future of underground science in Europe would strongly
benefit from creating a distributed but integrated structure of underground laboratories for the
needs of the forthcoming generation of new experiments, and beyond. This strategic initiative
would be most efficiently implemented by forming the European Laboratory of Underground Sci-
ence.

Recommendation 6. European-led efforts should focus on axion and ALPs mass ranges
that are complementary to the established cavity approach and this is where European teams have
a unique opportunity to secure the pioneering role in achieving sensitivities in axion/ALP mass
ranges not yet explored by experiments conducted elsewhere. In parallel, R&D efforts to improve
experimental sensitivity and to extend the accessible mass ranges should be supported.

Recommendation 7. Continuing dedicated and diverse theoretical activity should be en-
couraged not only in its own right but also as it provides some highly stimulating, and mutually
beneficial, interdisciplinary environment for DM and new physics searches.

81

Axion/ALP searches



Theory:
Ø (too) many possibilities open
Ø still little real understanding
Ø need much more data
Ø prepare for a long ride
Ø will need many more COSMO meetings

Experiment/observations:
Ø Programmes set for next decade+

in key areas: DM, neutrinos, DE, surveys, 
Ø Expect wealth of data
Ø Opening up new windows on the Universe (GWs,…)
Ø Surprises…?

L. Roszkowski, COSMO-2022, 
Rio de Janeiro, 26 Aug 2022
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