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The Dark Matter Problem .
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The Dark Matter Problem

Evidences come from very different

observational ‘l',ecl\niques at different vime observed
scales and times of the Universe hisjt,ory o
e s
1lo R (kpc)

M33 rotation curve




The Universe Recipe. .. after PLANCK

A i r
. . ».
°l-

5% Baryomc clark
ma’c’cer

e

’
N -~
-

L

27% n0h |>ar ohic clark

'Incé er

The Cosmic Microwave Backgrou en by Planck and WMAP




The Universe Rec

pe... a

fter PLANCK

% Bary

ohic

Ddl'k mq‘l',‘l',er

Table 4. Parameter 68 % confidence limits for the base ACDM model from Planck CMB power spectra, in combination with
lensing reconstruction (“lensing”) and external data (“ext.” BAO+JLA+Hp). Nuisance parameters are not listed for brevity (they
can be found in the Planck Legacy Archive tables), but the last three parameters give a summary measure of the total foreground
amplitude (in uK?) at £ = 2000 for the three high-¢ temperature spectra used by the likelihood. In all cases the helium mass fraction
used is predicted by BBN (posterior mean Yp ~ 0.2453, with i inties in the BBN jinating over the
Planck error on Quh?).
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A very successful Universe model ACDM .
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A very successful Universe model ACDM

ACDM: successful at large scales




A very successful Universe model ACDM

Not so succesful in the small scales

Missing satelites problem
Cize of small scale structures




The Dark Matter Nature

ot Oliat o Exofic 27% of the Universe consists of
ek Neuino BroleOher s nolJh MATTER

massive
* hoh baryonic
o heu'l.ral

+ stable or very long lived
» noh relativistic when

structures formed (cold/warm)

Beyond the Standard Model of
Particle Physics




Dark Matter Candidates

DM-T

D. Cerdeiio lessons

Some well motivated
candidates
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Dark Matter Candidates: WIMPs

DL DM particle was in thermad
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WIMP Candidates

Supersymmetry

Standard particles

SUSY particles

e Cons{ervqjcioh o{f R{
o r e arity implies tha
~‘%) ihe Ligh‘tesjc
P %‘} Supersymme‘l',ric
W@ portice LSP is
stable -> DM !

ﬁ

M2 <2
N ¥ T

Minimal Qupersymmejcric Standard Model

MSSM

Standard Model particles and their superpartners in the MSSM (adapted from Ref. [203])

Standard Model particles and fields

Supersymmetric partners

Interaction eigenstates Mass eigenstates
Symbol Name Symbol Name Symbol Name
g=d.c.b,u,s,t Quark qL.qr Squark 1. q2 Squark
l=e,ut Lepton I, 0g Slepton I, I Slepton
)= Ve, Vi, Ve Neutrino v Sneutrino v Sneutrino
g Gluon g Gluino g Gluino
wt W-boson W Wino
H™ Higgs boson H~ Higgsino ] Qli_z Chargino
Ht Higgs boson a;y Higgsino
B B-field B Bino
w3 Ww3-field W3 Wino
H|0 Higgs boson Neutralino
H20 Higgs boson HP Higgsin
Hé’ Higgs boson ao Higg:

The most likely LSP is the lightest neutralino

Kaluza KleinTheories

Extra dimensions are assumed to be
compacjciﬁecl

-> hew symme’cry with a momentum
hUMBer COhsel’VG{IOh

The lightest KK particle LKP is stable

and cannot decay into standard model
par'l'.ides -> Convehieh‘l'. DM candiclajte!!

ahd more...




Other Candidates

Axions or ALPs

AX;Oh UOUId SOIVe {he S{',I'Ohg CP PI‘OI)IGM

ls the boson associated to a g|o|>a| U

symme’cry spohjf.cmeous|y broken

PSG“C‘OSC?IC"'
Very ligh
Neutrdl

ALPS Axion Like Particles are the Nambu

Goldstone bosons associated to the breaking
of ahy U(1) symme'l'.ry

Aithough are nonthermally produced they
behave as (DM

Sterile Neutrinos

Sterile neutrinos (M) are a natural
ingredient of the most popular
mechahism to generate neutrino
masses the seesaw mechanism

Sterile neutrinos are neutral leptons
with no ordinary weak interactions
except those induced by mixing with
active neutrinos

But could have interactions ihvolving
hew physics



The Dark Matter challenge

DM detection is a difficult task

Challenge for:

. B2 b ).
W AN

As‘lropl\ysics
Cosmology
Particle Physics
Nuclear Physics
Detector Physics




MultiDark ~

tiressnge oprose | Jf The Mulﬂmessenger APPrOClCl\

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

» Multimessenger approach

(direcjc VS ihdirec{)

° MUH:E{GI'QG{ Ghd MUH:;-
technique strategy




As’t.ropl'\ysical hints for axions/ALPs

+ Observation of gamma rays from from distant sources

(VHE J(,rc:hsspcu-ehcy)

° AhOI‘hCIIOUS COOIEhg O'F uhijte CIWCIT"FS

Relic Axions par't of galac’(ic DM halo
¢ Axion Hq|oscopes ADMX

SOIGI' AXEOI\S LOOk for GX;OhS PI"OC|UC€C| ;h Jdne Suh ID\/
PI’ih‘\GkO'H: cohversioh O'F Pl\O'l‘,OhS

o Crys'l’.al detectors
» Axion Helioscopes CAST 1AX0

Axions in the lab

+ Laser experiments (“Light shinning through wall”)

» Vacuum birrefringence experiments

ALPS I OSTAR

AXION Searches

N &

Axion Helioscope
(Sikivie 1983)

........................ ‘\AMMNV\MNY

Axion-Photon-Oscillation




AXION Searches

Astrophysical Hh*,s 'FOI' CIXiOhS M.PS

-6

10

- "]l- LSW
(ALPS)
~ 10°F
3
R 2 Helioscopes
=100 b AL ILL..._(CAST)
9'( Vassve Stars
c £
- Haloscopes
3
=
9
-
=

P .
-
-~ =
B AN L
-' o'
v >

¢ .
" p

16 Lo

| PEPEPTTT™ | _-AT NPT R TTT™ |

I“
o e
" e
" e
e
o
(ADMX) g
”' I"
” "
- e
-~ "
e

o | e

.

§
-~

.

1"
o

=
o
L
£

10- = »
10" 107
Axion Mass m, (eV)

1% 10" 10°% 10°

* VYacuum Dlrre'rrmgence experlmehts

ALPS I OSTAR




WIMPs detection

thermal freeze-out (early Univ.)
iIndirect detection (now)

- DM SM
O
O
QL
)
i)
s}
D
© DM SM
w

production at colliders

Very few assumptions needed: unknown mass and weak
Cross SeC'l:IOh



OUTLINE

o Direct Detection of DM
-Exiec’cecl signal

“Detection Mechanisms
*Review of experimentdl

S{G{US

e |ndirect Detection of DM
Search S{rq’cesy

*Review of experimentdl

S{G{US




LIMP Direct Detection .

We place in a convenient laboratory one of our

detectors and we wait till WIMPs interact with it



LIMP Direct Detection .

How do WJIMPs
interact? V ‘ .

How do we see the

interaction?

What interferences

can be expected in

this detection?

We place in a convenient laboratory one of our

detectors and we wait till WIMPs interact with it



LIMP Direct Detection .

How do WIMPs

nteract? @
Tl\ey are suppossed

to produce NUCLEAR
RECOILS by elastic

scattering off nuclei

Similar to neutrons interactions

We place in a convenient laboratory one of our

detectors and we wait till WIMPs interact with it



Kinematics of elastic sca’c’cering_
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Kinematics of elastic scq‘l',‘l',erihg_
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Kinematics of elastic scq‘l',‘l',erihg_

Lab energy spectrum (1 coll.)
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Kinematics of elastic scq‘l',‘l',erihg_
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Dark Matter Interaction Rate
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Dark Matter Interaction Rate

|h'l'.erac'l'.ioh PI'OBGHIH:Y 'FOI' Dark mq‘l'.'l'.er PGF{ECIGS
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Dark Matter Interaction Rate

Ih{erGC{;Oh PI'OI)GI)“H', 'For' quk ma.l..{er' qu‘l..iCIQS
P

s unknown —> o(lWJ -pro’COh)

Assuming a neutralino SUSY candidate

'http://amw'o]s.'brdwh.éd'u
Gaitskell, Mandic,Filippini

10%F

[sz] (normalised to nucleon)

£ A of about a |igH. year!!!

WIMP Mass [GeV/c’] . . . o
Screening is negligible at detector scales

Fh‘t‘ter ;S Jtrahspareh‘t



Dark Matter Interaction Rate

d Nin
R = dt - = q)WIMPsNNGWIMP—N = Nymps V NNOWIMP—N
dR do WIMP—N Differential rate
d? L I"'WIMPs v NN CIE recoll energy
R R dependence

NN _ Mdet
MN

DCII"k MG{{GF “CIIO MOdel



DGI"k MGHer CGICIC'HC “GIOGS

v (kmis) RO{G{EOH VGIOCH'.Y CUI"VGS

observed

hint at the presence of Dark

expected “CIIOGS quUhd 9CI|GXieS

from
luminous disk

PN LUkt cbout Dark Matter in

(fig. 1) our ga|axy?

nature

phySiCS LETTERS

PUBLISHED ONLINE: 9 FEBRUARY 2015 | DOI: 10.1038/NPHYS3237

The ubiquitous presence of dark matter in the Universe is
today a central tenet in modern cosmology and astrophysics’.
Throughout the Universe, the evidence for dark matter is
compelling in dwarfs, spiral galaxies, galaxy clusters as well
Evid ence for d a rk m atte r in the in ner M i Ik Wa as at cosmological scales. However, It has been historically

y y difficult to pin down the dark matter contribution to the total
mass density in the Milky Way, particularly in the innermost
regions of the Galaxy and in the solar neighbourhood®. Here
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
constraints on the dark matter local density and profile, thus
reducing uncertainties on direct and indirect dark matter
searches, and will help reveal the structure and evolution of
the Galaxy.

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




vidence for Dark Matter in the inner Miky Way
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Figure 1| The rotation curve of the Milky Way. In the top panel we show cur compilation of rotation curve measurements as a function of Galactocentric
radius, including data from gas kinematics (blue dots; HI terminal velocities, CO terminal velocities, HI thickness, HIl regions, giant molecular clouds), star
kinematics (open green squares; open clusters, planetary nebulae, classical cepheids, carbon stars) and masers (open black circles). Error bars correspond
to lor uncertainties. The bottom panel shows the contribution to the rotation curve as predicted from different models for the stellar bulge (blue), stellar
disk (green) and gas (black). We assume a distance to the Galactic Centre Ry =8 kpc in both panels, and a local circular velocity v =230kms ™ in the

top panel.

nature

LETTERS

.
p ySlCS PUBLISHED ONLINE: 9 FEBRUARY 2015 | DOI: 10.1038/NPHYS3237

Evidence for dark matter in the inner Milky Way

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



Evidence for Dark Matter in the inner Miky Way
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Figure 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 (wg - wg)""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 em—3.
The bottom panel shows the cumulative reduced )(2 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 XZ corresponding to 5o 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 Royt =2.5 kpc.

Evidence for dark matter in the inner Milky Way

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



m“ky UGY Dark “GIO

Py Uoy Rotation Veloiy

Curve determines halo mass
density but not particle number
clensi{y

Unknown particle mass

0=0.2-0.4 GeV/cm?
~ 5 1022 g/dm3 If m =100 GeV

ny = 3 WIMPs/dm?3

~ 300 protons/dm?



m“ky UGY Dark “GIO

The most simple model
iso‘tropic and spherical

thermal distribution of non

relativistic WIMPs
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Tke UIMP FIUX G't {l\e EGI"IH\ POS;{.EOD

The Earth moves in the
DM halo accompanying
the Sun around the

galaxy
WIMP LJIND
-Direc‘tionqli‘ty

-Ahnual modulation in

the rate

00~0.2-0.4 GeV/cm?
If m,=| GeV — [0TeV

~ [04-108 <! em-2
D\\mps = 10%-10° 57" em



MIlky UGY quk “GIO

Haloes can be non spherical: triaxial, ellipsoidal

“qloes cah l\qve sub'slh'uc‘ture:
Sub hadloes
Caustic Rings
Satelites producing directional fluxes

Caustic Rings

|'\a|oes




MIlky UGY DGI"k HGIO

Haloes can be non spherical: triaxial, ellipsoidal

Elipsoidal Hiclo Model
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MIlky UGY quk “GIO

Haloes can be non spherical: triaxidl, ellipsoidal

Haloes can have sub-structure:
Sub haloes
Caustic Rings
Satelites producing directional fluxes

gagi{'.{'.qrius DUGI"F Sdie“i*.e gqlaxy cou|c| procluce a Ddl"k ma'u.er

directional flux near the Solar Sys’tem ,
Dynamics from

el Daric Haio Sagittarius Dwarf
satelite olax\/
pats to triaxe

;Iky UCIy “CIIO

Milky Way:

David Law
UCLA




MIlky UGY quk “GIO

GAIR Mission
19 December 2013 launch
by ESA

missioh to chart a three dimensional map of the Miky Way.

Unprecedented positional and
radial ve|oci'l'.y measurements
with the accuracies needed
{O PI"Oduce a S{el"eOSCOP;C
and kinematic census of
Clbou.l.. oheé b;II;Oh Sll..CIrS ;h our

CClICIX GhCl ﬂ\roughou{i {I\e

LOCGI roup.




Dark Matter Interaction Rate
Niw = Jueam @ Notes = Ni S Ny, L

dNin
R = dt - = q)WIMPsNNGWIMP—N = Nymps V NNOWIMP—N
dR do WIMP—N Differential rate
d? L I"'WIMPs v NN CIE recoll energy
R R dependence
M e
- _Po Ny =4
W — N
mW
dR do

dER = Ny 1mps Nfo(V) \ dWEIZP_N dv




Dark Matter Interaction Rate

do o t a—no
WIMP-N _ WIMP-N dP/dER 0=0 0=180°
dER ERmax /
2m‘ My, (
ERmax = M 2 v >
(mW + N) ERmax ER
dR do

dE. =Nyups Ny [T(V) V dWIéZP_N dv




Dark Matter Interaction Rate

dR _ pOMdet max f(V)d 3
_ f v 0W|MP—N
dE, 2m,mi, JVmn Vv
But ... WIMPs interacts at more .*: X
fundamental level with quarks N —

NUCLEAR FORM FACTORS are required LJIMP MODEL

NUCLEAR MODEL



Dark Matter Interaction Rate

dR M max 5\
dE = zpo ) f dV ‘:9 SD)
m mWN Vmin
COHERENT INTERACTION /
GPIN DEPENDENT INTERACTION

To compare experiments!"

X
“Work on pomjc ke cross sections ’*: -
Normalize to nucleon cross sections -
0 m 2 _nucleon UlmP MODEI.
Tsi &2 A0y NUCLEAR MODEL

o o IZZWN et ‘31 (J;l) 512 (ap<Sp>+an<S,,>)2
Wn




Dark Matter Interaction Rate

dR — PoMger  prma T(V)
= > —dv o) 0]
dE zm mWN fmm FSI S FSD)

[~
COHERENT INTERACTION /
SPIn DEPERDENT INTERACTION

T =[ffe™pndT To take into account the

e r finite size of the hucleus and
F(T) = 4m[sin(pr) p(ndr s internal structure

Loss of coherence at high
momentum transfer for Sl

2 . \'°0, 360 MeV
= \
ERRT i A

> \

g &

= \

£ \
S \
= 1072 |- Y
7] \
2

153

< 1

. a5 0eng!

eeeeeeeeeeeeeeeeeeeeeee



Dark Matter Interaction Rate

dR M. -
dE B 2?1(1) r;\:/N f v v )dv (GSIFSZI +GSDFSZD)

Moving into the lab frame

WiMpP ve|oc:|‘l',y distribution is V=V_ -V,
ga
hot |so'l',rop|c ahymore o
— — 1 N g’ua e
f(vgal)dgvgal — 718773/2 0 dgvgal
(V4Vg)?
2
dE, 2m meWN Vi 3/2f - f d(- Cose)f g~ Osts) V"V




Dark Matter Interaction Rate

v ‘ Umnax .‘Ub . 2 . 77 v
T(‘l’min) - / f(‘ )(h!3 » = Umin y = l_ Y — Uesc
Umin U Vo Vo U0
1 4 —22 " .
. wierf(z+y) —erf(z—y) — —=ye z—yz2z20
T'(Vmin) = o %(erf z)—erf(r—y)— 72:( y—rx)e * z4+y>r>z-—y
B ) T > 2+
donde N =erf(z) — %f:e‘zz es un factor de normalizacion. L2 [f e
Ve erf(r) = — e " dt.
V7 Jo

dR  pM.. 1 0F2 |2
= > d(-cos8) (d o.Fs vodv
dER zm mWN VOJZ'3/2fmm f ( )f qﬁ SI* SI




Dark Matter Interaction Rate

dR _ PoM et f”‘ax L)dv (GS|F52| +GSDFSZD)
szmeN mir

Very strong djaendence

_ oh the detection
technique if signal

P"Oduced b hUCIGGr
recolls is very clufferen’c

to that correspohdlng
lodine recoils of 50 to electrons used for
keV ih ndl scih'l'.i"q‘l'.bh thbrqhon

| clejt,ecjcor procluce
B ~ 5keVee JUENCHING FACTOR




Dark Matter Interaction Rate

dR _ pOMdet ¥ max f( )dV (05|F +GS[)F )
dEee 2Qm,,mé, Jmn v

Detector physics Astrophysics Particle physics
F* form factor n, =p,/ m_ local halo m_WIMP mass
m_ target nucleus mass density o, WIMP elastic scattering
N_ number of target nuclei f(v) WIMP velocity distr. aross section
E, recoil energy v__ escape velocity
Q quenching factor
minor uncertainties estimates unknown




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

Dark Matter Interaction Rate

R M Vo T
dR  pMy, (V) 1V3(621F821)

- 2
d Vini
min
E_. 20m,mj, A%
Nal Og = 7.2x10° pb Ge
1 1
my =5 GeV my =5 GeV

0.8 T 08
[®))
=

0.6 § 0.6
(0]
3

0.4 £ 04
L
o

0.2 T 0.2

0 b= 0

2 4 6 8 10 12 14 2 4 6 8 10 12 14
E (keVee)

o Low energy events <20 keVee

o Very low event rates



Strategy to face the Direct Detection of
WIMPs inthe lab

e need very
sensitive and
r’qdiOPure qu{iCIe
Detectors

Experiments have
to be shielded
Ggq;hs{l CI" OSSible
backgrounds and
ro I% 'FI"OM GC{;Ve
GCk rouhC|
re‘jec%oh
echniques

‘gighq‘l'.ures O'F a

Dark Matter

interaction are
required for a
positive result




Det
C. Lacasta lessons

Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;Ohs O'F a qu"luCIe PGSSEHQ 'u\rougl'\ ;h.l.»o a
measurable signal

What Detectors are best suited for
DARK MATTER DIRECT DETECTION?

“;gl\ RCIC“OPUI’H‘.Y MCI{GI’;CII

Wide Absorber Choice: Light

+heavy iso{opes, spih content

High Mass Availabiity

MOclu|ariJ(.\/

LOW Eherg\/ ThreShOIA PC"'{ECIe D;Scr;m;nG{;Oh CGPGbiI;{y
High Response to Nuclear Recails | Low Price
Stabiity State of the art

M.L. SARSA — 20 de julio de 2010




Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;OhS O'F a qu"luCIe PGSSihg 'u\rougl\ ;h.l.»o a
measurable signal

B IONIZATION Detectors collect the

charge carriers produced by a
particle interaction

Ge detectors showed good threshold and resohution
low intrinsic radioactivity: first DM direct searches

back in the eighties




Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;OhS O'F a qu"luCIe PGSSihg 'u\rougl\ ;h.l.»o a
measurable signal

B SCNTILLATION Detectors collect
the light produced by a particle

interaction

SOl;Cl S{G{e SC;I'I{;IIG{OI'S l\ave
B applied in this field:Nal Csl
| Noble liquids based experiments:

(3
Conduction Band Xe Ar ne
ivator

cintillation

Both allow high mass experiments
But scintillation less effective in
energy cohversion (uenching'™)

ctivator

o
©a
1
1
1
NP
- 1
1
w s !
=N
() gﬂ.
5§ 28 m
gl 3 :ﬂgq
0
S g
g 5
g ‘
g >
SE o Z
> %5,-.
PE




Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;OhS O'F a qu"luCIe PGSSE'IQ 'u\rougl\ ;n.l.»o a
measurable signal

8 Bubble chambers cohsis‘l', of

superheated liquids where heat
released by a particle interaction
is able to procll:lce the nucleation

- O'F Qa vapor Pl\CI&G

" Very sensitive to high stopping

4l pouwer particles

Threshold detector (does hot

measure released energy)



Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;OhS O'F a qu"luCIe PGSSihg 'u\rougl\ ;h.l.»o a
measurable signal

B THERMAL Detectors are directly
sensitive to the heat (p|\ohons

lattice vibrations proclucecl |>y a
par‘l',ide ih‘l',ercuc‘l'joh)

Wide absorber choice Ce, M203, BGO, CalJO 45 *

Very sensitive to nuclear recoils &1
Low threshold energy
Good par‘lide discrimination capal:ili‘ty




Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;OhS O'F a qu"luCIe PGSSE'IQ 'u\rougl\ ;h.l.»o a
measurable signal

o HYBRID Detectors proﬁ‘l', from

the simultaneous measure of
two energy conversion channels

() LG

N7

HEAT

Energy conversion into VISIBLE signdl is s{ronglx(
dependent on the interaction mecﬂanism incident particle

and target allowing for PARTICLE DISCRIMINATION
THE MOST SENSITIVE TECHNISUES AT PRESENT




Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;OhS O'F a qu"luCIe PGSSihg 'u'\rougl\ ih.l.»o a
measurable signal

DIRECT DARK MATTER DETECTION EXPERIMENTS

DAMA/LIBRA (Nal) *

KIMS (Csl)
XMASS (Xe) \ XENON100 (Xe)
ANAIS (Nal)

ZEPLIN-III (Xe)
DM-Ice (Nal) - . LUX (Xe)
DEAP3600 (Ar) Scintillation WARP (Ar)

MiniCLEAN (Ar) (light) ArDM (Ar)

/ DarkSide (Ar) T
PICASSO (C,F,,)

SIMPLE (C,CIF,)

CRESST (CaWO,) *

COUPP (CF,l)
| lonization CoGeNT (Ge) *
/ '~ (charge) TEXONO-CDEX (Ge)
‘ DRIFT (CS,)
Ehel‘ NEWAGE (CF,)
d Present CDMS (Ge) MIMAC (*He/CF,) |
ePE Future EDELWEISS-II (Ge) MAJORANA (Ge) e
ah Cl * DM hints EURECA (Ge, CaWO,) GERDA (Ge)

THE MOST SENSITIVE TECHNIGUES AT PRESENT



Particle Detection Techniques

Detectors are those devices able to convert energy
d DM Direct Search Progress Over Time

10 ©® Ededwe : 98
° T =l

10
" } vt
2 | DMS | SUF 99
PO  ~1 event kg day™!
- 10 e w
K
g
E E Ge "
; 10 Nal
,3_’ * Cryodet o?E
9 Liq. Noble r
'2 ‘ cs2
g 10 Projected
‘_’; Signal
_; v )
3 ) 10° in
= 10 |
E 5 years!

1 event 100 kg™ yr™’

Ene |

- cenoniono |
del ! ~1event1tonne’ yr' y = »ICle
ahc 1985 2000 2005 2010 20158 2020

THE MOST SEDSITIVE TECHRIFUES AT PRESENT



Particle Detection Techniques

Detectors are those devices able to convert energy
dePOS;{;OhS O'F a qu"luCIe PGSSihg 'u\rougl\ ;h.l.»o a
measurable signal

NEWJ DETECTORS
DNA based dark matter detectors

REVISITED OLD DETECTORS

Nuclear emulsions




Strategy to face the Direct Detection of
WIMPs inthe lab

e need very
sensitive and
r’qdiOPure qu{iCIe
Detectors

Experiments have
to be shielded
Ggq;hs{l CI" OSSible
backgrounds and
ro I% 'FI"OM GC{;Ve
GCk rouhC|
re‘jec%oh
echniques

‘gighq‘l'.ures O'F a

Dark Matter

interaction are
required for a
positive result




Shielding S‘l’.ra‘l',egies

Background signals interferring with WIMP detection come from
-COSMIC Rays

‘ t ioactivit A\
-Environmental Radioactivity l A Y
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= Gran Sasso @)
© CHPP@t ko@D
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Profundidad (m.w.e.)
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Shielding S{ra’cegies

Background signals interferring with WIMP detection come from
-COSMIC Rays N

_Environmental chlioac’civi’cy - i

Cohvenient shieldings against:
Gammas, Neutrons, Muons, Radon

a@—}




FEN Environmentdl Radioactivity

More than 60 radicactive iso’(opes in the environment

0 Nuclido Simbolo  Vida media Actividad natural
() Uranio 235 235U  7.04x 10°yr 0.72% del Uranio natural
99.2745% del Uranio natural (0.5 a 4.7 ppm
m Uranio 238 238U  4.47x 10° yr total uranio en rocas comunes)
w Torio 232 232Th  1.41x10"yr 1.6 a 20 ppm en rocas comunes
ﬁ Radio 226 226Ra  1.60x 10°yr 16 Bg/kg en arcillas y 48 Bq/kg en roca ignea
Q Radon 222  222Rn 3.82 days Gas noble; promedio anual en aire 0.6 Bq/m’ a
28 Bg/m’
‘ - Potasio 40 40K 1.28 x 10° yr 0.037-1.1 Bq/g
w Tritio 3H 123 yr Tests armas nucleares y reactores de fision
— Yodo 131 1311 8.04 days  Producto de fision y utilizado en el tratamiento
w de problemas de tiroides
w— Yodo 129 1291  1.57x 10" yr Producto de fision
f Cesio 137  137Cs 30.17 yr Producto de fision
m Estroncio 90  90Sr 28.78 yr Producto de fision
Tecnecio 99  99Tc 2.11x 10’ yr Producto de desintegracion del 99Mo, utilizado
en diagnosis médica
Plutonio 239 239Pu  2.41x 10*yr 238U + n--> 239U--> 239Np +B--> 239Pu+B

WIMP < < | interaction/ Ka/day




Shielding S{ra’cegies

Background signals interferring with WIMP detection come from
-COSMIC Rays

-Environmental Radioactivity

DDDDDDDDD

Convenient shieldings against:
Gammas, Neutrons, Muons, Radon

Active Background Rejection:



Shielding S‘l’.ra‘l',egies

COSMIC Rays

-Environmental Radioactivity

Convenient shieldings against:
Gammas, Neutrons, Muons, Radon

Active Background Rejection:

47 AV
o
Nuclear vs. Electron Recoils
l“'_E . 100
3 -
oo - | 5"} T
Nuclear recoil ely event A o 10
event - Y et =
100 :Z 2t i3 _-.'l .
_wu ‘2‘: OO: 26 4.() 60 80 100 0
500 1000 1500 2000 2500 3000 3500 4000 4500 B Recoil Energy [keV]




Shielding S‘l’.ra‘l',egies

COSMIC Rays

-Environmental Radioactivity

Convenient shieldings against:
Gammas, Neutrons, Muons, Radon

Active Background Rejection:

Nuclear vs. Electron Recoils

-Mu|‘tip|e gcaﬂerihg/ Combination
of different targets




