lluminating the dark: searches
for dark matter in the Milky VWay
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NASA and ESA image

, Clear night...

Ky in a dark
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Most of the
matter (85%) IS
invisible or dark

Dark Matter Map in Galaxy Cluster Abell 1689
Hubble Space Telescope ACS/WFC
NASA, ESA, and D. Coe (JPL/Caltech and STScl)



Fritz Zwicky:
Coma cluster
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Dark matter in galaxies

Vera Rubin: “In a spiral galaxy, the ratio of dark-to-light matter is about a
factor of 10. That's probably a good number for the ratio of our ignorance-
to-knowledge. We 're out of kindergarten, but only in-about third grade.”

Vera Rubin, Kent Ford, Norbert Thonnard,
The Astrophysical Journal 1978
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Dark matter in clusters of galaxies
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100%

Dark
energy
68%

Dark
matter
27%

Standard model of cosmology

Temperature fluctuations [ 1 K? ]
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Dark matter
forms structures
andad galaxies

But:
what is It maade or?

HST COSMOS survey; Nature 445 (2007), 268



The Stanagard
Model of Particle
PhysicS

Neutron Proton

e Elekiron galaxies, stars, planets, people,...




Particles from a very early phase of our Universe

1032 seconds 1 second 100 seconds 380 000 years 300-500 million years Billions of years 13.8 billion years

Beginning
of the ¢
Universe

Inflation Formation of Light and matter Light and matter  Dark ages First stars Galaxy evolution The present Universe

Accelerated expansion  light and matter are coupled separate Atoms start feeling The first stars and
of the Universe Dark matter evolves » Protons and electrons  the gravity of the galaxies form in the
independently: it starts form atoms cosmic web of dark densest knots of the
clumping and forming . Light starts travelling ~ Matter cosmic web
a web of structures freely: it will become the

Cosmic Microwave
Background (CMB)

e A ‘thermal relic’ from an early period in our Universe

when the average temperature was T ~ 10> K ~ 100 GeV

quarks new
seeseee: : . : leptons particles
- No particle in the Standard Model is a viable candidate photons

« Our young Universe was hot enough to create new,
massive particles



These dark matter particles make up the
halo of our Milky Way
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How 10 make
them visible?

Produce such new patticles at

the L

proton

C, In p-p collisions

/s ~ few TeV

g

ATLAS

EXPERIMENT




How 1o make
them visible”

Produce such new patticles at
the LHC, in p-p collisions

W, Z — leptons, jets,...

Missing
transverse
momentum

| Supersymmetric Lightest

quark/gluon supersymmetric
partners particles

Proton

transverse
momentum

GATLAS

A EXPERIMENT




How 10 make
them visible”

| ook for their annihilation
products in the Galactic Halo,
Galactic Centre or in the Sun

Known
X
VS~ 201l particles

Known
particles

The AMS experlment on the 1SS

7 A
///// //7/ ’

2
7 7 // !
(ﬁ _-
O 1.‘ —— ‘
. ' "
s
Ve 4

The Antares experiment In
the Mediterranean sea



INdirect detection

The Fermi-LAT instrument
¥ o™ ' g

Galactic Centre

The
Cherenkov

Extragalactic
Galaxy clusters diffuse

g - ; % Galactic diffuse
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Nature physics, March 2017

Constraints on the annihilation cross section



INdirect detection

After Nature physics, March 2017

lcecube 2016/ANTARES 2015

HESS: 2016

Fermi-LAT 2016
Fermi-LAT 2015 Galactic centre bulge emission
Dwarf galaxies

Constraints on the annihilation cross section



How to make
them visible?

Look for very rare collisions of
such particles with atomic nuclel

X G 10 MoV K

Nucleus Nucleus




Flux of dark
matter particles:
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~ 10 millions through your hand, every second



Direct detection experiments

2

Eistei: < 100 keV

Qm]\[



The WIMP landscape (before May 18, 2017)
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~ 1 event/ kg-day

~ 1 event/ tonne-year



XENON1T at LNGS

Deep underground: to
shield from cosmic rays




The XENON1T TP

r
y |
¢
;
F
. [ 4
E
2
[ -
&
1=
|
| Z
-

S1 at 827.1 us S2 at 1001.9 us

- N
LN -

Amplitude (pe/bin)
Amplitude (pe/bin)

-40 =20 0 2 4 -40 =20 0
x (cm) x {cm)

01 02 03 04 05 06 0.7 08 00 05 1.0 1.5 2.0 25 3.0 35 40
Time (us) +8.269e2 Time (us) +le3

Light: ~8 PE [ _4— Charge: ~240 PE
- a WIMP would look similar

Amplitude (pe/bin)

1000
Time (us)

3.2t LXe @180 K



The XENON1T TPC: first assembly

eck-list
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Xenon1T chasse la matiére noire

La découverte de la matiére noire est-elle enfin proche? C’est en tout cas le grand espoir des

4 astrophysiciens et physiciens des particules, tant I'instrument inauguré le 11 novembre dans le
laboratoire sous-terrain de Gran Sasso, en ltalie, parait prometteur. Plus gros, plus précis, plus isolé

que tous ses concurrents, Xenon 1 tonne devrait se lancer dans la grande chasse en février afin de

mettre la main sur la fameuse particule fantéme. Voila en effet trente ans que I'on sait que 80 % de

la matiére de I'Univers n'est pas «normale». Mais de quoi est-elle faite? Réponse, peut-étre, au

printemps.

xenonit.org



XENONT1 T: first results
arXiv:1705.06655 (sScience Run O)

- - Earthquake :
RN220 Earthquake :Jan 18
Kr83m |
NR Calibration
LED

Science Run 0

~34 live d .
e Science Run 1

|
Feb 2017




XENONT T: calibration

» Flectronic recolls
(¢2°Rn calibration)
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(¢*TAmBe calibration,
currently also D-D
fusion generator)
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Corrected S1 [PE]




XENON1 T: data selection

. * Detection v Selection

x Signal region blinded

l Search region UI’T[I| Se|eCtIOﬂ f|Xed
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XENON1 I: backgrounds

= R rate prediction: 0.2
events/(ton y keV)

[T
Online krypton DST

= reduced to predicted
level

» NaKy concentration
reduced from 2.6 ppt
to 0.36 ppt




XENONT I: signhal & backgrounds

g B GeEes D ome
Reference: WIMP

NR median - 20

® pHackground
dominated by radon
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x 222RBn reduced to 10
> 0 uBa/kg, further
Corrected S1 |PE] reduction pOSSible

XENON, Eur. Phys. J. C (2017) 77: 358



XENON1T: first results

Blue: ER

Corrected S2 bottom
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Direct, indirect & LHC

Direct detection
Indirect

Mgy (GeV cm™)

Adapted after Nature physics, March 2017



Direct detection evolution
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Constraints on the scattering cross section on nucleons




Summary & Outlook

» Cold dark matter is (still) a viable paradigm that explains all
cosmological & astrophysical observations

= |t could be made WIMPs - thermal relics from an early phase of our Universe
= - this hypothesis is testable: direct detection, indirect detection, accelerators

= - 50 far, no convincing detection of a dark matter particle in the laboratory
= But: direct detection experiments offer excellent prospects for discovery

= increase in WIMP sensitivity by 2 orders of magnitude in the next few years

= reach neutrino background (measure neutrino-nucleus coherent scattering
from solar/atm/SN neutrinos!) this & next decade

= high complementarity with indirect searches (AMS, IceCube, CTA, Fermi...) &
with the HL-LHC



W. Hablick, Sternenhimmel

Of course, “the probability of success is difficult to estimate, but

If we never search, the chance of success is zero”
G. Cocconi & P. Morrison, Nature, 1959
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