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The Dark Matter Problem

Evidences come from very different
observational techniques at different

scales and times of the Universe history
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The Universe Recipe. .. after PLANCK
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The Dark Matter Nature .

27% of the Universe consists of

unknown matter:
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Dark Matter Candidates

DM-Theory
D. Cerdeio
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Some well motivated
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Dark Matter Candidates: WIMPs .

(1) | I .
b N WIMPs are convenient DM
r I candidates

lllll

I £ DM particle was in thermdl
“.. o T eguiﬁbrium ih the piMorclial soup

Comoving Number Density
H 5 5 3 = = =

' tzm/? (time -) S
at freeze out the annhilation
WIMP MIRACLE S
electrowedk sfde cross se‘f‘tions cross section determined the
for a GeV particle produce the I
o P | relic abundance
corréc Qc thermal freeze-out (early Univ.)
indirect detection (now)
a—
g DM SM
3 WJIMP DETECTION
g Very few assumptions required
© DM SM
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production at colliders




Other Dark Matter Candidates

Axions / ALPs Sterile Neutrinos

AXiOh UOUICI SOIVe {.j\e S*J"Ohg CP PI"ObIem Ghd
there is a strong physics case for them to

Sterile neutrinos (M) are a naturd
ingredient of the most popular

exisjc, inclucling dark matter mechanism to genera*.e heutriho masses
Pseuclc.>scc1|ar the seesawmechanism

Very light

neu{ral o xz;?
Cosmological and as'lirophysiccﬂ limits allow /\%?‘;Lﬁ~ e

smalll windowmass: 106 — 102 eV. i

ALPS Axion Like Particles and other WISPs Sterile neutrinos are neutral leptons

with no ordinary weak nteractions
except those ih::/|ucec| by mixing with
active neutrinos

are viable dark matter candidates.: vey
light and very feebly interactingparticles.

Bu'l'. CO!.IIC| have ;h‘l:el"ClC{;OhS ;hVOIV;hg
hew PI\YSECS



The Dark Matter challenge
DM detection is a difficult task

Challenge for:

i a4 '
. b

ﬂs{mpl'\ysics
Losmology

Particle Pl\ysics
Nuclear Pl\ysics
Detector Physics




for Dark Matter Detection

(S The Multimessenger Approach

To decouple unknown and
uncertainties in such a challenge
for experimental detection

T .
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(ciirec't vs indirect vs

a railor scdr

+ Multitarget and multi-
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——technique st Ique stratlegy
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» Direct Detection of DM
-Exiec’cecl sighal

“Detection Mechanisms
Review of experimental

status




AXION Searches .

. As‘l'.roplnysicd hints for axions/ALPs

» Observation of gammarays from distant sources
(VHE 'trqnsparency)

¢ AhOMGIOUS COOIihg O'F uhi‘l',e C|WCII"FS

° Relic Axions par'l'. of galacjtic DM halo
Axioh Hq|oscopes ADMX

¢ SOICII' AXiOhs LOOk 'For' qx;Ohs Pf’Oduced ;h {he guh by
Primakoff conver sion of photons

+ Crystaldetectors
e Axion Helioscopes CAST 7 IAX0

+ Axions in the kab
e Laser experimeh‘l'.s (“Ligk’t shining u\rougk wall”)

ALPS Il 7 OSIAR

Axion Helioscope
(Sikivie 1983)




AXION Searches
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AXION-ALPs Searches .
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direct detection

thermal freeze-out (early Univ.) ‘ 'IMP D‘ { D { {0
indirect detection (Tvv) “'ec e ec Ioh

‘ Dﬂl%q\,
DM SM
<
production at colliders

Galactic WIMPs are
suppossed to produce
NOCLEAR RECOLS by

elastic scattering off

l hucler

Extreme non relativistic limit
lsotropic scattering in the (M reference

frame

<p>=6-70MeV/c
10GeV /¢* <m, <1TeV /c?



Kinematics of elastic scattering

2
=E,-E[fp = My M, vZ(1-coso)
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Kinematical mass matching
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The whole WIMP phase space is hot vacce3|b|e —
Eherg\/ {L“'QSL\OICF;S rea"\/ EMPO"{C"I{ < D >~ 6-70MeV /c

10GeV /¢* <m, <1TeV /c?



WIMP Direct Detection .

Galactic WIMPs are
suppossed to produce
NOCLEAR RECOLS by

elastic scattering off
hucler

Detection Rate

dR
dE

dc)-WIMP—N
=Nyyee Ny f f(v) v dev

R R

Dark Matter Halo model



Dark Matter hteraction Rate

do m
&* £ eV Lo (B ooFo(B)]

-

o, =AM (2f, +(A-2)1,

T
2
Oy = 32nmr G? JTﬂ[ap <S >+a,<§ >]2

Effective WIMP couplings to neutrons and protons can be calculated for every
theoretical model from the effective Lagrangian

Average nuclear spin content of the proton and neutron groups can require
detailed nuclear model cdlculations, (as the SD form 'Facfors)
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Dark Matter hteraction Rate

doyen . M
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Dark Matter Caactic Hdo

The ubiquitous presence of dark matter in the Universe is

na e. L ETTE RS today a central tenet in modern cosmology and astrophysics’.
p ySlCS Throughout the Universe, the evidence for dark matter Is
NE: 9 FEBRUARY 2015 | DOI: 10.1038/NPHYS3237 compelling in dwarfs, spiral galaxies, galaxy clusters as well

as at cosmological scales. However, it has been historically
difficult to pin down the dark matter contribution to the total
mass density in the Milky Way, particularly in the innermost
o o o . regions of the Galaxy and in the solar neighbourhood?®. Here
EVld ence for d a rk m atte ¥Fin the iInner M [ Iky Way we present an up-to-date compilation of Milky Way rotation
curve measurements*™, and compare It with state-of-the-art

baryonic mass distribution models*-2%, We show that current
data strongly disfavour baryons as the sole contribution to the
Galactic mass budget, even inside the solar circle. Our findings
demonstrate the existence of dark matter in the inner Galaxy
without making any assumptions about its distribution. We
anticipate that this result will compel new model-independent

Fabio locco'?*, Miguel Pato®* and Gianfranco Bertone®

100 T
1 + Rotation curve data
ke, . Baryonic bracketing constraints on the dark matter local density and profile, thus
~ - —|—' ' reducing uncertainties on direct and indirect dark matter
kS ' -2 ' searches, and will help reveal the structure and evolution of
"E 50 ™ u ! the Galaxy.
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Flgure 2 | Evidence for dark matter. In the top panel we show the angular velocity measurements from the compilation shown in Fig. 1 (red dots) together
with the bracketing of the contribution of all baryonic models (grey band) as a function of Galactocentric radius. Error bars correspond to 1o uncertainties,
and the grey band shows the envelope of all baryonic models including 1o uncertainties. The contribution of a fiducial baryonic model is marked with the
black line. The residuals (u)g —wé)“"2 between observed and predicted angular velocities for this baryonic model are shown in the central panel. The blue
dashed line shows the contribution of a Navarro-Frenk-White profile with scale radius of 20 kpc normalized to a local dark matter density of 0.4 GeV cm—3.
The bottom panel shows the cumulative reduced 12 for each baryonic model as a function of Galactocentric radius. The black line shows the case of the
fiducial model plotted in black in the top panel, and the thick red line represents the reduced 12 corresponding to 5S¢ significance. In this figure we assume
a distance to the Galactic Centre Ry =8 kpc and a local circular velocity vo=230km s, and we ignore all measurements below Ret =2.5kpc.




Dark Matter Caactic Hdo .

The most simple model isotropic Milk\{ Way Rotation Velocity Curve

and spherical thermal distribution  determines halo mass clensi{y but

of non relativistic WIMPs not particle number density
Ve~ 270km /s—300km /s
V... = 544 km/s n, =20
mW
| . l 2 . ~0 9. 3
f ‘ l—:‘mr." ’(]{ Fymf — C "o (-['{Fgm' Po 0.2:0.4 GeV/Cm

33/
( N I e

- Haloes can be non spherical: triaxial ellipsoidal, . spherical: triaxial, elipsoidal, ...

aloes can have sub-structure:

gui)- \qioes
Dark Disk

1 o . . .
ga‘l’.e|||‘lies producmg direc liloﬁa| fluxes




Dark Matter hteraction Rate

“Recoll energy conversion into visble energy is strongly

dependent on the technique, target, and particle interaction

F. — O Fce
LR o Lee

Og| = 7.2x106 pb

dR/dE (c/keVee/kg/d)

Nal Ge
1
my =5 GeV —— my =5 GeV ——
S 0.8
Fe))
=<
(0]
o 0.6
(0]
=<
£ 04
L
O
T o2
0
4 6 8 10 12 14 2 4 6 8 10 12 14



Strategy to face the Direct Detection of
WIMPs inthe lab

‘Ue need very
sensitive and
rCId;OPure PClr.l‘jCIe

Detectors




Particle Detection Techniques

Detectors are those devices able to convert energy
d.ePOSH'jOhS O'F a Par{ide Passihg 'u\rough ;h{:O a measuralbh

sighal

What Detectors are best suited for Dark Matter
DIRECT DETECTION?

“igk Radiopuri‘l’.y Materidl Wide Absorber Choice:

Liglu‘t+|\eavy iso{opes, spih
content

“;gh MCISS AVCIEIGI);IH‘.Y MOCIUIGI'H:Y or SPCI'HCII

information on the interaction

I.OU Ehergy Thl"GShOId PGI"UCIG D;SCl'im;hCl{;Oh CGPCII);I;{Y

High Response to Nuclear Recoils | Low Price

bty Stelte of the art




Particle Detection Techniques

Detectors are those devices able to convert energy
d.ePOSH'jOhS O'F a Par{ide Passihg 'u\rough ;h{:O a measuralbh

sighal

5 Ehergsl conversionhinto VISIBLE
.si?nd 1s strongly dependent on the
Ihie

ractionmechanism, incident

partice and farget

HYBRID Detectors proﬁ‘l'. from the smultaneous

measurement of two energy cohversioh chanhels for
particle discrimmation




Particle Detection Techniques

XENON100
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LUX
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ANAIS NEWAGE
KIMS (Nal) MIMAC
DM-Ice \ ‘ TREX-DM
SABRE Superheated
DEAP3600 llage
MINICLEAN SCINTILLATION IONIZATION
(llght) (ChargE) t
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Strategy to face the Direct Detection of
WIMPs inthe lob

Experiments have

to be shielded
agaihst dll possible
back rouncte. and
rO'Fi 'From GC{.ive
EGCk?I"OUhCl

rejec ioh {eckhiques




Shielding Strategies

Background signals interferring with WIMP detection come from

LOSMCRays
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Shielding Strategies

Background signals interferring with WIMP detection come from
-(OSMIC Rays

-EhV;I'Ohmeh{CII Radioacﬂvi‘l',y

Conhvenient shieldings against:
Gammas, Neutrons, Muons, Radon intrusion

Active Background Rejection

Nuclear recoils vs electron events

" Neutron backgrouhds under control R —
considering multiple scattering and "
combination of different 'tqrge‘l',s g i

40 60 80
Recoil Energy [keV]

100



Strategy to face the Direct Detection of
WIMPs inthe lob

‘gigha{ures of a

Dark Matter

interaction are
requlred 'For a
positive result




Dark Matter Signal Signatures

Positive identification of WIMP against backgrounds

e Rnnual modulation

t5=0.4147 (1 de jupio)

[vgl (KmV's)

.............................. i =d 227.7 km/s

0 0.2 0.4 0.6 0.8 1

tiempo (fraccién de afio) |hverse MOAUIG{EOD CI{ ver\/ IOW eherg;es
n(t) = ve(t)/vo = no + Ancosw(t — tp) Cmall effect (<7% of S,)

Sk(t) = So,k + Sm kcosw(t — tp) w=2m/365d" 1, ~15t June



Review of the Experimental Status

One single experiment has reported evidence of a signal
compa?iHe with Dark Matter observing amodel ihclgepehcleh'l'.
anhual modulation

Other much sensitive experiments do not have any hint

CONTROVERSIAL issue

- ls possible a model independent
” conﬁrmdl’.ion or re'FuJCaJCEOh?

man\{)UMP scenarios considering halo and particle models
have been considered and reconciling experiments seems very

difficult



Review of the Experimental Status

DAMA/LIBRA experiment
~250Kkg Nal(T scintilators @ LNGS

Total exposure:

DAMA/Nal (100 kg Nal, 7 years, completedin 2002)
+ DAMA/LIBRA (250 kg Nal, 7 cycles, ongoing)
-> total exposure reported so far: 1.33 ton x year

«Final model independent result of DAMA/LIBRA—phasel » arXiv:1308.5109

DCI{CI {Gk;hg ohgoihg G'F{el" upgrade O'F PMTS



Residuals (cpd/kg/keV)

Review of the Experimental Status
DAMA/LIBRA experiment I

MOC|9| |hc|epehc|eh‘|'. ReSIIH: A, = 0.0112 £0.0012 cpd/kg/keV
T=(0.998 £0.002 )y
bokeY | To = (144 £7) d (2" June=153)
PRI =t LRGe), —=——1— No modulation above 6 keV

Evidence (9.3 o C.L.) of an annual
modulation of the single-hit events in the
(2—6) keVee energy region satisfying all

the requests of a DM component in the

jl“ime (day)
galactic halo

Total exposure:

DAMA/Nal (100 kg Nal, 7 years, completedin 2002)
+ DAMA/LIBRA (250 kg Nal, 7 cycles, ongoing)

-> total exposure reported so far: 1.33 ton x year

«Final model independent result of DAMA/LIBRA—phasel » arXiv:1308.5109



esiduals (cpd/kg/keV)
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Review of the Experimental Status

DAMA/LIBRA experiment
Model Independent Result

-0.01
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2-4 keV
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Time (day)
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AAAAAAAAA :J l PSR EETE BRSSP E NSRS R ‘l PR RN B Y
250 300 350 400 450 500 550 600

A,, = 0.0112 £0.0012 cpd/kg/keV
T=(0.998 £0.002 )y

To = (144 £7) d (2" June=153)
No modulation above 6 keV

Evidence (9.3 o C.L.) of an annual
modulation of the single-hit events in the
(2—6) keVee energy region satisfying all
the requests of a DM component in the
galactic halo

MOCIHIG{;OII d;SGPPeGI'S
M@ Lhenlooking at multiple

hit events due to
background



Review of the Experimental Status

DAMA/LIBRA experiment
Model Independent Result

1 Average Rate at low
ME 4 energies a’c levt/keVikgday

> 0.05 ]

Eﬁﬂ 025 |

z o o s moclula‘l',loh amplitude
A0 Zero crosslng could fix

0.05 |
e v e e b b by by by
0o 2 4 6 8 10 12 14 16 18 20 {l\e L"MP mass qhd
Energy (keV)
would be very
Figure 1: Energy distribution of the S, ; variable for the total exposure (0.82 tonxyr, d { { R du
DAMA /Nal & DAMA /LIBRA). See text. A clear modulation is present in the lowest Is Ihc Ive e Clh

energy region, while S 'm & values compatible with zero are present just above. In fact,
the b .k llucs in the (6-20) keV energy interval have random fluctuations around hre$o| Is IMPor qh

Zero Wlth v equal to 24.4 for 28 degrees of freedom. See also Appendix A.



Review of the Experimental Status

DAMA/LIBRA experimen‘l Anhual Modulation
st‘[',ema‘l',ics difficult 1o ahalyse

Gtil some u\ings to understand

better
Q
Colaboracién Na | I
o UKDMC 0,31 0,09
nq thl l quehd\mg 0,275 4 0,018 | 0,086 =+ 0,007
DAMA 0,30 0,09
Fqc{ors Saclay-Nal 0,25+0,03 | 0,08 + 0,002
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E 40+ }
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K 1| S S s o =
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Review of the Experimental Status
Difficult to review all the experiments in the field" '
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Dark Universe 4 (2014)



Review of the Experimental Status

Most sensitive experiments .

Xe double phase TPC LQ
LUX @ Sanford Lal:ora{'.ory (350 kg)

;W'MP drift time

S2

. il “ S‘
s Drift time T
Particle s indicates depth
’,"?" Rife 188y “ Y ‘ o
¢ and tlllv ¢||;- g ) S S1 drift time

—P ionization electrons
N UV scintillation photons (~175 nm) \mage by CH Faham (Brown)



Review of the Experimental Status

Most sensitive experiments

Xe double phase TPC B
LUX @ Sanford Laboratory (350 kg) B/ y




Review of the Experimental Status

Most sensitive experiments

Xe double phase TPC L@(

LUX @ Sanford Lal:ora{'.ory (350 kg)

- ‘.\;" 0 keV,, « R<i8cm "E ‘
o & LUX 18 < R < 20 cm g 10"
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:‘ "4 2o
2 Z 104
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C S 510
™ \ Biian gt U8 NI s
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> = g 10
[~ P 5 10 15 ~-—.1 20 keV,, 25 = =
0 5 AAAAAAAAAAAAAAAAAAAAAAAA | 4
0 10 20 30 40 50 10 100 1000 10

WIMP mass /GeV ¢

S1 [detected photons]

95 days net (previously 85d) - conservative 1.2 keV signal cutoff
145 kg fiducial (118 ka) —3.3 GeVm__(3.0keV, 5.2 GeV)



Review of the Experimental Status

Most sensitive experiments

Xe double phase TPC
XENON100 & XENONIT @ LNGS

XENON10 i XENON100 | XENONI1T . XENONnT




Review of the Experimental Status

Most sensitive experiments

Xe double phase TPC
XENON100 & gsismar

« 161 kg LXe TPC
(62 Kg target + 99 kg active

g .,' Jf H + | .moc|u|a'l',i0h with electron
" HHH#HJ[HJ”H Jr*J[HHH recoils

Time



Review of the Experimental Status

Most sensitive experiments

Xe double phase TPC
XENON100 & XENONIT @ LNGS

- Total LXe mass: ~3.3 tonnes

- Total LXe active volume: ~ 2 tonnes
- Fiducial volume: ~1 tonne

- 248 3" PMTs Hamamatsu R11410-21

T '“"” .mlflmf‘:‘



Review of the Experimental Status

Most sensitive experiments  Pulse shape discrimination

Ar double phase TPC Liquid Scintilator for n
DarkSide @ LNGS Water tank for muons

Free from 3%
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Review of the Experimental Status

Most sensitive experiments

Ar double pl\ase TPC
DarkSide @ LNGS
46 kg active 153 kg totd

—— Neutron

—— Electron

Pulse shape discrimination
Liquid Scintilator for n
Water tank for muons
Free from 3%r

e ,/,/ei-bei---* N\ pe

I'4 52
Recombination

ER
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Review of the Experimental Status

Most sensitive experiments

Ar single phase liquid scintillation detector
DEAP @ ShOLAB

3600 kg LAr

Excellent PSD capability

Cool down and Ar filing last September

T.; (keV,)

Glove box

Central support assembly
(Deck elevation)

Steel shell neck
(Outer neck)

Inner neck (green)
Vacuum jacketed neck (orange)

Cooling coil

Acrylic flow guides

/— 48 Muon
veto PMTs

255 PMTs

1 20 4|0- 69 810 190 12|0 1‘}0 16'0 o / & light guides
09 o Y i
0.8 ¢ Acrylic vessel
0.7 Steel shell
= 0.6
£
£ 05 3600 kg

liquid argon

E — Filler blocks
0.2F s ¢ g TR R :
0.1 rﬂ- E Foam blocks behind

'0..-. eI : A g : A E PMTs and filler blocks
0 50 100 150 200 250 300 350 400 450 50 —— Bottom spring support

Number of photoelectrons



Review of the Experimental Status

Most sensitive ‘l',ecl\hiques Ca WO, bolometers
Scintilating Bolometers 300 eV threshold
CRESST @ LGS

52 kg days exposure

Very good discrimination

Explore masses in the sub-GeV/ “fange
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Review of the Experimental Status

Most sensitive experiments <100 eV lonization Trigger

70kgday e e

Heat lonization Bolometers YR
: Further improvement
(DMS Lite @ SOUDAN expected after moving into
[restossi rons SNOLAB

Electron propagation

— Luke phonons

Primary recoil phonons

Hole propagation
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Review of the Experimental Status

Experiments trying to reproduce DAMA LIBRA signal
Nal scintilators (same ‘targe{', and ‘l'.ecl\hique)

ANAIS @ LSC (2000 -...)

DM-ICE @ South Pole (2011 - ...)

V 4 i \ 0
l ,\ :: - ‘I.‘ %‘k

Annual
modulation
analysis recently
published

KAMLAND-PICO @ KAMIOKA
KIMS@ Y2L (2013 -..) (2014 - ...)



Review of the Experimental Status

Experiments trying to reproduce DAMA LIBRA signal

Ndl scintillators (same 'l'.arge{'. and ‘tecl-mique)
ADAIS @ Canfranc

112 kg of u|+,rapure Nal(Tl)

HE R I R |
1 10 102 10°
Wimp mass (GeV)




ANAIS + DM-lce + KIMS
112.5kg 55 kg 52 kg
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Review of the Experimental Status

Other Techniques  Fcontent interesting for SD sensitivity

Wide liquid choice able to tune target
Bubble Chambers o different WIMP couplings

A060 @S0 0ticcl and acoustical detection of the
,, | bubble:s

02

o s A WY A .

N e M\W"xl' WY Mpl\a PC"'JCICG:% are !ouc|er

= . ‘\f‘u'r.“} #.}‘:MM“JN‘,:“ 'V\*\“"M'.‘\"" anhd can be dlscnmma{'.ed
08 & 4 -2 \;) - 2 : -3 ‘ 6' - 8

mes

Filled with 36.8 kg of CF_I.

PICO-60 Run-1: June 2013 to
May 2014.

Run-2 with C;Fg target in
. 2016.




Dark Matter hdirect Detection

o wzs e h. e DD g,
primary ~ final
channels products

~w+ 2,5+ 50 e D, D NV

Sagittarius Arm Local Arm



Dark Matter lhdirect Detection

.
— P. J(AQ)

p*dpd dtdAdE

X
Y > __ <Uann\') d.._\"f{
P=om2 'ZBR‘ dE;
V ) °
Particle Pl\ysms Model
X e et

J(AQ) = f_\ ) /i.;l)dldﬂpi(l)

As‘l’.ropl\ysics uncertamties




Dark Matter lhdirect Detection

2
i r, r
NFW : pNFw(T) = Pg— (1 —+ —)

r r,
i 2 r\"
Einasto: pg.(r) = psexp {—a [(;) - 1] }
[sothermal :  pr,(r) = T (i S/T 7
Burkert :  pp.(r) = e
= (1+7/r)(1+ (r/rs)?)
r.y 116 L
Moore: pymoo(T) = ps (?) (1 + 7_—>

T T T T R T TR TR R AR S Tl
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Burkert

1073 102 10! 1 10 102
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dR
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Partide Physics Model
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As‘lropl\ysics uncertamties

-halo models
-CR PI'OPGQCI{iOh



Dark Matter lhdirect Detection

Y
INDIRECT DETECTION §

Gamma rays
% . BESS
X / Y . VERTIS
“x / WiZlq - PAGIC
JE— . FFPMI IAT
Particle Experiments Advantages Challenges
Gamma-ray! Fermi LAT, GAMMA-400, point back to sources, backgrounds, attenua-
photons H.E.S.S.(-1I), MAGIC, spectral signatures tion

VERITAS, HAWC, CTA

Neutrinos IceCube/DeepCore/PINGU, point back to sources,
ANTARES/KM3NET, spectral signatures
BAIKAL-GVD, Super-

Kamiokande/Hyper-
Kamiokande

backgrounds, low
statistics

Cosmic rays PAMELA, AMS-02, ATIC, spectral signatures,
IACTs, Fermi LAT, Auger, low backgrounds for
CTA, GAPS antimatter searches

diffusion, do not point
back to sources

_ J. Gaskins, Contemporary Physics 2016



Charged Particles Detection

° LOOk 'FOI" Clh'l'jMG{'.{el" ih OI"CleI' {O beCI{ I)GCkgI'OUhd

+ Keyissue Model the transport of charged
cosmic rays 'l'.l-\rougl-\oujt the galqc‘l’.ic maghejcic PAMELA

fields

N

energy



Charged Particles Detection

Complex Particle Detectors in the space

antiprofon ositron
Pamela 'H*+.+~ TOF : Time of Flight (S1) PAMELA
|

Separating p |
from e

- TOF : Time of Flight (S2)

Tracker(s) l
Silicon
Strip
Detectors

Magnetic Spectrometer

1m

~ TOF : Time of Flight (82)

Silicon Calorimeter

i

] S4 and Neutron detectors




Charged Particles De

tection

Complex Particle Detectors in the space
electrons and posijtrohs O
protons and antiprotons
Light nuclei

pl\o‘l'.ons, etc.

A

A A

! Fibér Fancass

TRD:
Transition
Radiation
Detector

TOF: (51,52}
Time of Flight
Detectar

MG:

Magnet

TR:

Silicon Tracker
ACC:
Anticoincidence
Counter

AST:

Amiga Star
Tracker

TOF: {s1,52)
Time of Flight
Detector

RICH:
Ring Image
Cherenkov Counter

EMC;
Electromagnetic
Calorimeter

Aloha
Wognietic
Spaclromeler

Integration MIT



Charged Particles Detection

POSITRON EXCESS
First hints by HEAT and AMS

Confirmed by PAMELA from 10-100 GeV & Fermi up to 200 GeV
Confirmed by AMS-2

&
w

o
)

Positron Fraction

o
—

o | DM Interpretation difficult
L% || to match with models
:_ AS{I"OPI'\YS;CCII eXPIGhG‘UOh
; b || possible
v 00500
Energy [GeV]




Charged Particles Detection

ANTIPROTON RATIO EXCESS
First hints by PAMELA but NOT CLEAR EXCESS AFTER AMS2

107 ; .
¢ PAMELA 2012
¢ AMS-022015
. g eosas $
DM Interpretation i S —
possiHe but not & —\
hecessary & o
10_5;’ 2 — Fiducial
onLY LIM'TS FOR e Uncertainty from: mm }C)ross-setc.tions
ropagation
ATIEUTERONS = Primar s
olar modulation
—6 . .
10 1 5 10 50 100

Kinetic energy T [GeV]



Camma Rays and Neutrino Detection

Multiwavelength

Multimessenger

Infrared/optical
. ... (galaxy catalogs)

CXB (ROSAT, eROSITA)

CGB (Fermi)

ONB(lceCube) == a it ..



Camma Ray Detection

o Satellites

» Atmospheric Cerenkov Telescopes ACTs

Atmospheric Cherenkov
Telescopes (ACTs)

HANDRA

X-RAY OBSERVATORY




Search Strategies

Galactic center:
Satellites:

Good statistics but source
Low background :

confusion/diffuse background

and QOOd source ID, l"‘lllkv \.-Jav halo:

hut w <tz e
DUl lOcu B[d[lgt'CS Lar()C‘ Stdtlstlcs but

diffuse background

Spectral lines: Extragalactic:

Large statistics,

No astrophysical but astroohvsic
uncertainties, good GL_II .:;5 roDd»f?lC?'
source 1D, but low Galaxy clusters: bdic o d <
ot : ackgroun
statistics Low background 9

but low statistics



Camma Ray Detection

Fermi

Gamma-ray Space Telescope

How Fermi LAT detects gamma rays

: Incoming Y

4 x 4 array of identical fowers with:

* Precision Si-strip tracker (TKR) |
- With W converter foils i

* Hodoscopic CsI calorimeter ,(.G‘A'L)

* DAQ and Powerysupply box ’

Conversion
Cy in a*/e”)
in W foils

bIncoming direction
reconstruction by
tracking tha

chargad particles

Ens
witl

Anticoincidence

An anficoincidence detector ~ Tt-e..__ a ,1' Detector (background rejection)
around the telescope distinguishes gamma- e
rays from charged particles & |

’ T Conversion Foll

N
™ Particle Tracking
Detectors

Calorimeter
(energy measurement)




GeV Galactic Center Excess

3.0-10~8

M
o
ot
9
L

Ahhil\ilCl*.iOh O'F a C|Gl"k MG{{GF

pqrjcide with a mass between
~20-40 GeV' could explain the
excess

1.0-10~9

E? dAN/dE (GeV/em?/s/sr)

—1.010-8 L——1L .00, — ey
0.5 1.0 50 10.0 50.0

E, (GeV) Ah‘l’jpro'['.oh should show Hh‘l',s
T. Daylan et al. arXiv:1402.6703v2 Millisecond pulsars could explain it




Searching for excess from dwarf galaxy satellites

cvnli

Segue | e SDSSJ1049+5103
CeolT _Sz——- R 5

UMa

| Sextans

Fermi-LAT, arXiv:1503.02641 [astro-ph.HE]

10~
== 4-year Pass 7 Limit
10 22| = t'}-_\'t-:-u' HT% & Limit ]
==  Median Expected
e 658% Containment
— 107¢ 45% Containment
w
_:_. 10 ')‘;-
LN
=102
=
107
10727} b 1

10° 10° 10° 10°
DM Mass (GeV/c?)



Searching for lines

Counts / 1.00 °2

0° |
4 b
2 L E 3.7year 'R3 NFWG Profie 3 2 o 37 year me Eiasio Profie
S E — Observed Upper Limat 1 S £ Upper Limit
= - Expected o Expeclad Limit
E 107k 9 Expected ae% Containment 3 z 10k = Expected 68% Containment
e | E Expacted 95% Containment E o | F @3 Expected 95% Containment
¥ F ZF I —— Weniger [20] Limit
O 107 O 107
R E 2 E
g F a f
> 0 28

10 F S0
§ - § B

107k 107

1070 > 1% L

10 10
m, (GeV)
% 109 ; o 107 {
ng E 37 yeal R41 NFW Profile .5 2 E 3.7 year R90 Isothermal Profile
5 E - — Otserved Uppor Limk ] § a pecn‘veugtjpp‘ﬂ Limit
=5 Expected o -+ EX imi
£ 10% Expected 68% Containment i £ 10°F —E 68% Contain
b E xpected 95% Containment E 3 F @ Expected 95% Containment
e Weniger [20] Limit =) r
© 107 O 107
=107 =107

§ §

 3-7 years of data

« 5 ROIs:

R3 (NFW Optimized)

R16 (Einasto Optimized)
R41 (NFW Optimized),
R90O (Isothermal Optimized
R180 (DM Decay)

[ 3.7 year R180 NFW Profile

 —— Observed Lower Limit

t ---- Expected Limi

| [=JExpected 68% Containment
@ Expected 95% Containment

—— Do evidence found!

M. Ackerman etal, 1305.5597v3

10?
m, (GeV)



Evidence for 130 GeV line ?

43 moths Fermi LAT data +
new adaptive procedure to select optimized target regions dependingon the profile of

'H'Ie GCIICIC‘HC ClCIl'k MCI{,{GI' kCIIO.

Reg3 Reg4 (ULTRACLEAN), E, =129.8 GeV
Einasto s v T T y T e T R
Signal counts: 46.1 (4.360) 80.5 - 210.1 GeV
: 30} p-value=0.37, x2,=23.6/22 X
w N 4-5 o Evidence
< “2 I
= - "
¢ E 20 _ l |
O 15} {
10 I %]

Reg4 5F

Contr. a=1.15 -
" h AT - " "
— 14

+ PPPIT IS ) frane SR )
0 p— - :

Model

b [deg]

»

Counts -
—
o
1

1 L L " " 1 L L L L l .
100 150 200
E [GeV]

Possible sys'l'.emajtic effects involved C. Weniger, 1204.2797v2
Similar line appears in limb view
Statistics of the evidence under question



3.5 keV X ray line

73 galaxy clusters (XMM-Newton,center)

Perseus cluster (Chandra, center) I-lhe 'Fouhd in SPGC{FG 'FI"OM

B - e O galaxies and galaxy clusters

g Perseus

32': }; : !: | t r %“i:‘ f t + i ‘e :
Sort, B bun doh bR ¢ L O
R T

g{i" COh{rOverSEQI
possibility of atomic line

\/ | s or instrumental

Br ignific” ]
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M31 galaxy (XMM-Newton, center & outskirts)
Perseus cluster (XMM-Newton, outskirts) COUICl be Produced by ,the Cleca\/
onf e of sterile neutrinos
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v telescopes neu'l',riho De{eC{iOh

J. Zornoza

Cherenkov detectors under-ice or under-water

Detect the shower of secondary particles produced after v
interaction through Cherenkov light

/‘ ICECUBE (South Pole)

50 m




Neutrino Detection .

Cherenkov detectors under-ice or under-water

Detect the shower of secondary particles produced after v
interaction through Cherenkov light

interacton

- .
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k
3
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Directionality
NEUTRIN ASTRONOMY
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Neutrino Detection

High energy v from the Sun
DM smoking qun

No known astrophysical
processes able to mimic it

Borrowed from Matthias Danninge @ TAUP 2013
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Neutrino Detection

PRL 111, 021103 (2013)

“Bert”
Estimated energies: . Estimated enerqy:
1.04 # 0.16 7/ 1.14 + 0.717 PeV 2 PelV

Line @1 PeV? B T g
It could be m’terpre{ed as super

kequ decqymg DM proclucmg
hadronic cascades

This model would produce excess
in the diffuse gamma 1010 L

10° 10! 102 103 10* 10° 10° 107 108

background Jces.’muble with FERMI T

Declination (dearees)

E2d [GeVemZstsrl)




Summary and Conclusions

Detectors applied in the search for DARK MATTER have

improved their performances in an impressive way

Direct Detection is approaching the neutrino limit with
the first ton experimeh‘l',s and only ohe "anomaly”
pending to explam

Ihdirect Detection is accumulatingmuch more hints of
Poss;ble S;ghqls

asjtropl\\/sical chkgrouhc‘s are hO'l: 'FUIIY
uhdérs‘tood Ghd d;'F'FiCUI{ {0 MOdel



