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Massive Compact Halo
Objects might be the DM

They can be seen by
microlensing events of
background stars

Campaigns measuring these
events have concluded that
MACHOSs can not account for
the DM In our Galaxy



A short reminder, we are looking for WIMPSs...

ALPHAMg netic Spectro




Galactic DM

* Our Galaxy Is rotating
at ~200 km/s at the
Sun's orbit

DM is “standing still”

e Hence, there Is a
“constant” flux of DM
through Earth!

* Velocities are non-relativistic, 3~10-3

o <V2,,,> = V2, (or close to it)



Principles of Direct Detection

e Movement with respect to the galactic frame imply DM flux,
® ~ 7.5 x 10* particles/cm? /sec (for ~100 GeV
particle)
* DM recoils off a target material,
leaving
some energy in the form of:
- lonized electrons.
- Scintillation light. L
- Heat/phonons. o\ et

* Signal is collected and the recaoll

"]\ Photons and Electrons

energy is extracted. N\ T ) T

Atomic Electrons
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Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
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We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10" GeV.



m Assuming an isothermal halo ppas ~ 0.3 GeV /cm?

B Velocity of the sun around the Galaxy “rest frame” vg ~ 230 km/s, escape velocity
~ 550 km /s

B Recoil energy of a nucleus by elastic scattering:
B _ Py (100GeV /c?2 x10"3¢)?
T‘E

max = Zp 0 ™~ T 55100GeV /e ~ 50 keV =- Low energy detectors

m Coherent scattering
)‘DeBroglie
27

B Rate of interactions:
I' = ®o, N Npetector A2, for oy, y = 107%° cm?, m,, = 100 GeV
I ~ 100 events/ton/yr
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Vese ~ 350 kan/s
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Id of 5 keV:

== Standard Halo
= DM stream
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\Elastic scattering

elastic scattering
d = 100 keV

90 kev 130 kev
ReXoil Energy




WIMP Wind
i

== Standard Halo
= DM stream
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Dark Matter Direct Detection __

SIMPLE
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Dark Matter Searches: Past, Present & Future
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CRESST Il — detection and confusion

* Cryogenic calorimeter. Collects phonons and scintillation light.
* Target: CaWO:
* First analysis:

* 730 kg-days

e Found 67 events

Light Yield

e 420-4.70

* Anew analysis:

LE, o L e L
0 20 40 60 80 100 120 140
Enerqy [keV]

* 572 kg-days
* Found 52 events.

* 1.90-2.50
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Two-Phase Xenon Detector

Time Projection Chamber = TPC

Xe — Xe™, Xe™

produces photons and electrons

77 Two types of signal:
S1: prompt scintillation
e S2: proportional scintillation
e - (from 10nization)
it e\ 7 v Signal
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Two-Phase Xenon Detector

Time Projection Chamber = TPC

Xe — Xe™, Xe™

produces photons and electrons

i Two types of signal:

S1: prompt scintillation
e~ S2: proportional scintillation
e . (from 10nization)
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The XENON2100 experiment

Full TPC

PMT arrays

Radiation
shield




3d Vertex Reconstruction Signal/Background Discrimination
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(1.0 £ 0.2) events expected
2 events observed

— 26.4% probability that background fluctuated to 2 events
— PL analysis cannot reject the background only hypothesis

No significant excess due to a signal seen in XENON100 data.




DAMA/Na XENONI00 (2012)
— observed limit (90% CL)
Expected limit of this run:

T DAMA/ + 16 expected
CDMS-Si (2013) / + 2 ¢ expected

XENONI0 (2013)

CRESST-I1 (2012)

WIMP-Nucleon Cross Section [cm?’]
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= XENON100 limit (2013) proton
+ 20 expected sensitivity
[+ 10 expected sensitivity

= XENON100 limit (2013) neutron
+ 20 expected sensitivity
[+ 10 expected sensitivity

COME

SD WIMP-neutron cross section [cm2]
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XENON1T/nT — our future
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XENONI1T at a glance

Cryogenics and
purification

Storage and safety recovery Rn and Kr treatment
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Expected to start running in 2015!






sufficient to iInduce Ine

Id: eV - 100’s eV

scattering
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Indirect detection

 There are many different methods to search indirectly for DM

* | will show a few, hopefully representative ones

L L 1 L
—300 -200 -100 0 100 200 300
1Kemp

CMB- Planck
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AMS confirms and enhances

* |t seems like there is a
“bump” above the expected

T mak reeoasand background
10" £ dm HEATS84+95 __
- fotal —— HEATOO
e -1+ Works naturally with heavy
i DM decay or annihilation
;% 107
107




— g:rn:ﬂ”L — ppe_eJrVez?eVp,r?M

high energy particles

o PAMELA (2009)

o PAMELA (2011)

¢ AMSO02 (2013)
== et upper bound

: « = = e*upper bound: pre-AMS02




¢ PAMELA 2012
¢ AMS-022015

Secondary production

Fiducial
Uncertainty from: Cross-sections
Propagation
Primary slopes
Solar modulation

5 10 50 100
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400 500
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Fermi Iooklng at the galaxy

Fermi LAT data

e Seems that there is an
excess at a few GeV

e Astrophysics sources should
not show this kind of
spectrum

T)

E® dN/dE (GeV/cm®/s/s

Daylan et al 2014

| °¢ NFW, v=1.2¢
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Pass 8 Combined dSphs
Fermi-LAT MW Halo
MAGIC Segue 1
Abazajian et al. 2014 {17)
Daylan et al. 2014 (20)
Calore et al. 2014 (20)

102
DM Mass (GeV/c?)




irnization fraction x_=n ;‘nH

ionization fraction x =n /n

T T II“||II|||| redshiiz

redshift z




= N0 annihilation
— thermal, m=2 GeV
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Planck TT,EE, TE+lowP
WMAP9

+ CVL
Possible interpretations for:
AMS-02/Fermi/Pamela
Fermi GC
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Other Indirect paths

Distortions in DM positioning — DM self interaction

Effects on stellar structure from capture of DM

Decay/annihilation in the Sun after capture (e.g. neutrinos)

Other sources of gamma rays (dwarf galaxies, clusters)

HE neutrinos

Anomalies In ultra high energy cosmic rays

Anomalies in precision measurements of time, gravity, dipole moment, isotopes...

And more!



Summary

Direct detection is proceeding fast, with each 6-12 month
bringing a new leader. Current battle is over size — the bigger,
the better

“Anomalies” still surface, somehow don't yet stick

Many indirect searches going on, anomalies appear and
disappear

The hope Is that one of these will stick around!
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