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James WeblSpaceTeIescopeéJWST) vs Hubble

- ’ \ Hubble

https:// www.spaceze.comews/jwst-seesthe-samegalaxyfrom-three-different-anglesthanksto-a-gravitationatlens
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DarkMatter directdetectionsensitivities

Experimentd prototypes inpreparationat CPPM:

2

- m E ||||||| T |||||||| T TTTIT |ﬂl’
From 2019 ESPP briefing book £ =
g s £ F 1s0108127
& 2 0 - Ha
= = |
-ﬂ E 8 102 < |3
+ 4 e}
m = O = =
© (.')% < — E GORGAN
g = & Z
g ;‘5 o 10 E 1
z‘ © E ‘i...'""
M a
o S5 X MADMA
2 : S =
= gﬂ@ :__:- c Axion models
v T
E -ﬁﬁﬁﬁ%‘i‘% 2 Lpev . 1000pev
30 —1 111 11 11 LI | el | R L1 11l | R INERA | N
] eumnof\oo < 10-* 107 10— 103 10 10-3 102 101 1
VA TR N R Y Lo e g R RN R T NN Lo ||K|— AXIOn mass ma(ev)
107 107 107" 1 10 10°
) WM hass ( MADMAX
DarkSide20k CTargets fdhigh mgst6490 WM

. _ o o C R&D program to improve signal sensitivity
C TPC with noble liquid (Xe, Ar): best limits 1 GeV - 100 TeV

C Next decade decisive to probe WIMPs down to neutrino floor



Darkmatter in largescalestructurecontext

CMB/LSS Clusters Galactic Satellite galaxies/
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Cold vs Warnmdarkmatter observables

MassConcentration relation Halo masdunction SubHalo masgunction
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Galaxy cluster profile in SIDM

Robertson et al. 2019 Kaplinghatket al. 2016
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In simulationsgark matter canpartially be distinguishedrom baryons atscalesR < 2&kpc



The centrablensityprofile slopeof ETG

Bolton et al. 2008

SLACSS ellipticalgalaxieswvith gravitationalarcs
detectedin SDSSpectra

Combination of SL mass in Einstein radius,\agldcity
dispersion of the stars,in SDSSpectra(Ri,e, = 3")

Confirmationthat EarlyType Galaxies (ETG) follow
isothermaldensityprofile[ = 2on average b ol ol B el e e B
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The Strond.ensind_egacysurvey (SL2S)

Combination o25 lensedrom SL2S53 from SLACS

and4 from LensesStructure and Dynamics (LSD) _Cabanacet al. 200Gavazzet al. 2012

A Redshift range : 0.2 <z <0.8 PR N e
A Stellarmass range: log M* / M = 11¢ 12 ) ’\' g Q by 4 o F L.
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=> Theslopeisratherconstant @ @= 2, butthis hidesdegeneracies
A Stellarmassincreasen theedges

A DMinfallin the center (+contraction] S/OP€ fuinchanged

Sameresultsfoundin Li, Shu & Wang 2018 9



Stellarinitial Masd-unctionwith MANGA

Li, Ge, Mao et al. 2017
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Stronglensing dynamics& weaklensing

7 galaxyclustersselectedw/ SL arcs

DM densityprofile gNFW freeinner slopel to account
for adiabaticcontraction

Stellarmass M*derivedfrom StellarPopulationSynthesis
=> IMFassumptionquotedfactor ~2uncertainty)

Stellardensityprofile adjustedto SurfaceBrightnessof
central BCG, anscaledto| gpox M*

log p [M, kpc™®]
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Newman et al. 2014

Kinematics

10 100 10 100
mmmm  Dark matter (QNFW)
22iiiin Dark matter (cNFW)
mmmm  Stars (BCG)
= Total mass

10 100

Radius [kpc]

=> Galaxy clusters have a ftaredDM
profile] =0.50.13 11




Averagingpver more clusters and groups

Wang C.Li Ret al. 2024

1013MO < M200m < 1014Mo
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Stronglensingin galaxyclusters

Better modellingthanksto |
A More multiple imagegonstraintswith deepHST observations (HFF program, JWS

A Integralfield spectroscopylata toconstraingalaxykinematicsMUSE)
A Darkmatter andstellarcontentdecoupledirom the cluster DM component

Galaxy Cluster Abell 1689

Smoothcomponent

Coredprofile )
isfavored

R (kpc)

Limousin et al. 2022

Non cored

Cored

=>Hint for selfInteractingDM? Or
systematidvias? =>needbiggersample




SubStructures In galaxy clusters

Staffordl et aI_. 20.19.

. s Y
A Light 2.5keV WDM#éd curve => fewsubhalosoverall e L o oo
| \ — o/m=10cm?g!
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A" /m = 1.0 crdlg SIDM darkgreen) =3ow countsat smallradius S 100k
=> Heat transferbetweenWK 2 1| Q K2 & (i sibhadDM Y R WO?2 2@9 - [12.92¢ 13.50]
=>Enhancedidal stripping (disruptionpbecauseof coreddensityprofile of = I
subhaloes g - — Myypy = 2.5 keV
MWDM = 5.0 keV
10-1 —=—=- EAGLE (CDM)
A f(R)cosmologycouldalsoimpact the massegregatiorfunction o masdbRo)
(Arnoldsé& Li, 2019)becausd(R)gravityincreasegshe numberof . 12t X
low-mass halos (natcreene) < é-g ]
=06k _ _—
0.4 - L

r/ Rzoo,crit
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n(subhalos)

Tidal stripping ngalaxyclusters Natarajanet al, 2017

AModeling of DM distributiorwith SLconstraints

A Comparisorof subhalomassfunction & radial
distributionwith hydro-simulations

A Subhaladisruption due to tidal stripping in simulations

=>needmore compactores(stars?)
subhalomassfunction

Radial distribution
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GGSL probability [1076]

Substructures traced by GGSL In galaxy cluste

MACSJ1206 . -
. (C) .
Meneghettiet al. 2020, 2022
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Comparedo simulations ihcludingbaryons)
Y Observationpresenttoo manyGGSlevents
Y Substructures havemallerEinstein radiu®g

Proposedsolutions
Y SIDMproducedessarcs butthey are moremagnified(VegaFerrero et al. 2020)

Y FDMproducesmore arcghan CDM but noenough(Kawaiet al. 2024) Desprezt al. 2020



Selectioreffect?

A Stronglensinglensesare biasedobjects(Foexet al.
2014,Sonnenfeldet al. 2024)

A Slensesaretrixial objects
A Elongatechalosalongthe line ofsight

ABig efforts tocharacterizehe selectionfunction

A Analyticpredictions: includinginstrumentaleffects e.g. Euclid,
LSSetc

A Full hydresimulations(e.g. Xu, Springel et al. 20espaliet al.
2021)

A Spectroscopiobservations characterizeredshift
distribution oflensesand arcSe.g. VLIXshootemprogram, PI:

Jullg 4AMOSTproposalPI:Collett DES$econdaryprogram Huang et al.

in prep)

Oblate

Prolate




Einstein rings by galaxies

AFlux or position perturbation in Einstein ringvealslow
masssubhalogseealsoChan et al. 202@ith axionpart.)

AWith opticalNIR observations ispectroscopy~4h K
band/Keck, 3h NICMOS) ~16 M, /h

¥

AAround1C® Einstein rings tde discoveredwith Euclid
=> goodsampleof «jackpot» candidates

(o]

CombinedconstraintsLya lensing MW satellites :

=> Leptorwith asymmetried.6 > 10 and 7.1 kesterile
neutrinos areruled out

dn/dlog(M) [Mpc—>M

Constraintswvith 17 ER
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T
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=== prior edges My,
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upper 95% (100)

—— 35keV, Lg=8
--- lower 68% (100)

upper 68% (100) |

- CDM
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-————
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7 sens. atz —BELLs -
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Quadruplymagedquasars : flux anomalies

AMore smaltscalesubstructureproducemore
frequentflux ratio anomalies

ARequirelongterm monitoring of QSO flux variatio
Almpact of Line oS8ightstructures (He, Li et al. 202

ADependencen the simulatiordetails(e.g tidal
destructionseverity)

=> Movefrom standard modeling teummary
statisticstechniques tasimplifythe analyses

Percent > X

100%

2M13106171

75% =

50% -

25% =

WDM single plane
Ysub = 0.012 kpc—2

Z|en5 = 0.8 mma
Zsre = 3.0

CDM single plane

Ny os ' Seup=0.012 kpc2

=57 "
Nsub

. CDM single plane
ZSLJb = 0.024 kpc_2

WDM single plane
including LOS

CDM single plane
=== including LOS

(smoother) (clumpier)

>

on small scales

0.4

0.5 0.6

Ssmooth

Gilman et al. 2021



CombinecconstraintsLyg SL, M\Wat

Enziet al. 2021 mun [keV ]

107 102 10t 10° 101
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11j,|~"G Iu:z' (l 11_11; 14,;,«’. llj'h‘ l{_,‘w ' 1213 104 tO pI‘Obe haIOS 1®Mu (SplngO|$t al 2018
1.0 f Grav. Imaging (low z

for VLBI)

Vegetti et al. (2018)
“-I i

Lo £ L1 ..., llsysems
1.0 { Grav. Imaging (high z) J— : ) .. . .
. .Riton@e et al. (2019) | i A JWSTwill allowto maximizecontribution
e il from LOSaloesfor Highz sources =tighter
A} fLyman-alpha i
. Murgia et al. (2018) constraints

'/////

1.0 pMW satellites
Newton et al. (2020)

0.5, / // /

1.0 Jomt

A Euclid & LSSHill bringmanycandidates
(~10)
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N . .| AHighresolution realistichydro simulations

10—+ 10-2 1u L 109 10!

Mum [Mpe™" will yield better dark matter models

=> For leptorasymmetried_6 > 10 , 7.keVsterile neutrinos areruled out




Preparinghe future:
ELTHARMONI simulations

AELTHARMONe&xpectedfirst light ~2030

A 42mtelescopewith Laser Guide Stars Adapti@ptics
A IFU in NIRvith 4masspaxelresolution

A Simulatedobservations
A Backgroundjalaxyat z = 2with star formationclumps
A Lensgalaxyin 10 M, halo
A Perturbation 18 M,
A Observationasetup: Totakxptime5h, Kgrism 30x60maspaxels
LTAO, nanoon, airmassl.3

APerturbation on the arc : 0£2 pixels =xletectionlimit

Unperturbe

Perturbe




SlLcurrentconstraints

----- min sens. foreg.

==- prior edges Mym,
—— lower 95% (100) |
upper 95% (100)
— 3.5keV, Lg=8
--== lower 68% (100)
upper 68% (100) |

— CDM
sens. at zz — SLACS
7 2 sens.atz —BELLs 4

Vegettiet al. 2012

How tojoin effort?

1) Gravitationallenses

=>WIMP &axion galacticscaleCD
WIMP &axiorf?

2) Detectionof DMparticles

=>Sensitivitydependson thedensitymodel of the Galaxy a
=> use of simulations, observatiomsnsing galaxyrotation curves e

In the 2 cases T
A Use ofhydrodynamicakimulations

-
- -~
-

dn/dlog(M) [Mpc—3MZ1]

16

Much to gain byxchangingoiningefforts betweencommunitiesl) and
2),especiallyat the level of simulations

Simulation (Springel et al. 2008)

23



Milky Waymodellingfor directdetection

1. HydrodynamicaN-body (zoomin) simulationsncludingsubhalos
2. Connectingcosmosimulations withastroparticlesand dark matter detection
3. Phase space distribution beyond the Maxwellian distribution of the Standard Halo Model

Pet al et al .

Nezri etal. 2012 arxXiv:2106.01314
arXiv:1204.4121

arXiv:1405.4318

Nufiez et al. 2022 . . . . .
arXiv:2004.06008 A Velocity distributionis more complexthan

analyticalmodels=>needsimulations
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