Galactic Structure
and Dark Matter Indirect Detection

Lidia Pieri

Department of Astronomy, University of Padova
& INFN - Padova

LPNHE, Paris, December 10t 2009




General outline

Indirect detection of dark matter:
Theoretical motivation

The role of substructures

Subhalo population of our galaxy:
-Prospects for detection in y-rays
-Multi-wavelength analysis




Indirect detection of dark matter:
Theoretical motivation




Evidences for Dark Matter on the largest scales
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Measurements of galaxy clusters abundance
and peculiar (relative) velocity
require gravitational potential from a mass
~ 500 to 900 times the luminous one.



Is this mass due to hidden baryons?

Qph?

Big Bang Nucleosynthesis constraints '
the average baryonic content of

the Universe. o
To agree with the measured abundances
of helium, deuterium, and lithium, -4}
the baryonic content of the Universe :
must be 4%, wrt a flat Universe. 05

Yet we see b %o in stars

fo-10 : .
o | 1 3

I > 3 4 5 67 8910
Baryon-to-photon ratio n,,

There must be a series of baryonic objects we don't see, such as dim

brown or red dwarf, Jupiter like objects, black hole, Warm-Hot

Intergalactic Medium... but up to 4%



Other two missing pieces of the puzzle

The Universe is flat
tested by CMB measurements

The last scattering surface fixes the scale
of inomogeneities at recombination, i.e. when
atomic hydrogen is formed. A spatial
temperature fluctuation on the last
scattering surface appears to us as an
anisotropy on the sky. The conversion from
physical scale into angular scale depends on
the curvature of the universe and the
distance to the last scattering surface.
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The Universe is in accelerated expansion
tested by supernovae redshift (distance) measurements

Gravity only would slow down the expansion as the Universe dilutes
Supernovae are standard candles since their luminosity is well known and their distance
can be accurately determined, and found to be inconsistent with a slowing-down expansion
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Cosmological framework

The Standard Model of the Universe, as derived from data on large scale
structures, distant supernovae, CMB, etc.
predicts a flat, accelerating Universe

measures

known particles unknown
= P, +Py+Pp+Ppm*P
Qo1 = & o~
Pc

value for a flat universe

~ 0.005 (galaxies)
~0.04 (BBN)

Q, ~ 10-5

12-103< Q<15 -10°2



Cosmological framework

The Standard Model of the Universe, as derived from data on large scale
structures, distant supernovae, CMB, etc.
predicts a flat, accelerating Universe

predicts the existence of

- an unknown form of repulsive energy,
or dark energy Q.~0.73

- and an unknown type of non
baryonic matter

DARK MATTER Qpy ~ 0.23

smology Project
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Resuming: the cosmological pie

The Standard Model of the Universe, as derived from data on large scale
structures, distant supernovae, CMB, etc.
predicts a flat, accelerating Universe

known particles unknown
= P, +Py+Pp+Ppm*P
Qo1 = & o~
Pc

value for a flat universe

~ 0.005 (galaxies)
~0.04 (BBN)

Q, ~ 10-5

12-103< Q<15 -10°2

Free Hydrogen
and Heluam
%

Q,~0.73

Qo ~0.23



The thermal history of the universe

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion

CMB physics
Universe is "mostly” 13.7 billion years
homogeneous and isotropic, but seeds of structures are already there

| il
|




Reproducing the observed universe
with numerical simulations
The non-linear growth of structures

Dark Ene gy
Accelerated Expan
Afterglow Light
Pattern  Dark Ages Development o
400,000 yrs. Galaxies, Plan l etc.

Wi iieans il
. @; mmﬁm |

about 400 million yrs.

Big Bang Expansion
13.7 billion years

Diemand 2004




Which DM theory better reproduces the observed Universe?

relativistic particles
have larger kinetic energy

and need larger mass
to be gravitationally bound

non-relativistic particles
form smaller halos

The evolution of DM halos initial conditions
Primordial density fluctuations 4
grow and collapse in gravitationally
bound structures which eventually
Virialize and form halos.

The assembly hystory depends
on the particle. CDM proceeds
via hierarchical merging,
HDM via fragmentation.
Baryons are captured in the dark
matter potential well and form
galaxies, clusters, etc.

Cold dark matter Hot dark matter



CDM N-body simulations reproduce the observed Universe




Which candidate for the dark matter?
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Which candidate for the dark matter?

ELEMENTARY
PARTICLES

| ] IS)

0 0

T ']m‘c senerations of Matter

® radiation

Standard Model particles cannot be DM




Cold Dark Matter candidates
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Is the Neutralino the theoretical miracle?
Joins particle physics and cosmology

v stable (lightest)

v’ collisionless (weakly
interacting)

v'dissipationless

(cannot cool
radiating-photons)

v’ gives the correct
relic density

v' is a CDM particle
M ~ 100 GeV and up

— good for theorists

v

v it self-annihilates into
SM particles of energies
accessible by experiments
INDIRECT DETECTION

v has got a non-null
scattering cross section

with nuclei
DIRECT DETECTION

v" it may be observed at
the LHC

— good. for experimentalists
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x accelerators ~ Many possible patterns for final states (jets and missing energy) m < 1-2 TeV
x direct searches x elastic diffusion on nuclei (hucleus recoil energy) 30 GeV < m, <100-200 GeV

o o - in close massive objects (Earth, Sun) — neutrinos
x indirect searches (xx annihilation) _in the Galactic halo and other compact objects, — vy, v,, antimatter



AND ACTIVE THEORETICAL MODELING

Numerical simulations
of our galaxy

Particle physics modeling:
new candidates explored,

new effects added
(Sommerfeld enhancement

of the annihilation cross-section,
Internal bremmstrahlung, etc.)

Diemand et al

X
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mg ~ GeV
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Arkani-Hamed et al

DM

q
Cirelli et al
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(a) Bringmann et al ()

(c)

x accelerators ~ Many possible patterns for final states (jets and missing energy) m < 1-2 TeV
x direct searches x elastic diffusion on nuclei (hucleus recoil energy) 30 GeV < m, <100-200 GeV

o o - in close massive objects (Earth, Sun) — neutrinos
x indirect searches (xx annihilation) _in the Galactic halo and other compact objects, — vy, v,, antimatter



Indirect detection of dark matter:

The role of substructures

Subhalo population of our galaxy:
-Prospects for detection in y-rays
-Multi-wavelength analysis




Indirect detection of y-rays
o= P

X O

particle physics cosmology




®pp : MODEL THE NUMBER

OF PHOTONS AND THEIR ' GeV ywitha
ENERGY SPECTRUM '\N:g\h'\egar'gy tail

Internal bremmstrahlung
GeV-TeV y E>0.6 my,

BR: 0.001% WIMP DM

/ \r\/@ev to TeV
keV Y W,Z,H,

from ICS and SSC Jet BR ~ 100%

7 e, e’
Assuming B,

v v '\'\1\,\,\4 radio o microwave y
from synchrotron




Indirect detection of y-rays
Oz D

X. P

particle physics cosmology

:\_iﬂ'lLﬂihilaﬂon
p2om (MAQM) 4 1
A2

. How many annihilations” <
How. many sources

" Ocosmo = Jaci

cosmo




Free parameters from one single halo
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Modeling the structure of dark matter halos
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Modeling the structure of dark matter halos

$ub~subhnlos

6‘0({ .o a 6$¢|l\odb.. éY‘l.

\ |‘
‘. ‘(_,0




Modeling the structure of dark matter halos




Modeling the structure of dark matter halos
from theory of structure formation (M< 10° M)

T

Theory: Damping of the primordial power Greenetal 2005
spectrum due to CDM free streaming or : |
acoustic oscillations after kinetic decoupling

300)]
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T. Bringmann, 2009
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Modeling the structure of dark matter halos
from N-body simulations (M> 10° M_,,,)

AGAL .

» - B
- Pyt %
g e B

MW-like halos at 220

.

Via Lactea 2, Diemand et al Aquarius, Springel et al




Modeling the structure of dark matter halos
from N-body simulations (M> 10° M_,,,)

— Halo and subhalo profile shape and concentration

Concentration parameter

(R,i+/r¢) has radial dependence
hlgher concen‘rra’rlon -> higher fluxl

Concentration models
Smooth proflles

— Vla Lacteall

£
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o
=
hl:
2
=
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—Vla Lactealll

Aquarlus
—  Aquarlus

2
T

Concentration parameter

NFW VS Einasto

10 10° 1 10 10t 10°
Subhalo mass [M_ 1]

LP, Lavalle, Bertone & Branchini 2009




Modeling the structure of dark matter halos
from N-body simulations (M> 10° M_,,,)

Subhalo abundance and density distribution

Mass slope ~ M-2 /' Mass slope ~ M9

fom (0107 My,)) ~ 117% | fom C10ZM,,) ~ 13%
fom (10° Mg,) ~ 507% fom (100 dV\ss‘::) 25%

Radial distribution - Radial dISTI"IbUTIOH
~ (1+R/rs) ! N E inasto o= O 67

=
-

P

X

Roche criterion sets the effect of tidal forces




Indirect detection of y-rays:

b= P

particle physics

X O

cosmology

Dpp =

1 OqnnY fE dNY

4313 me E, f

Step 1:

DL uo(M,R,P) = [dV

V.os.

MW smooth

Single subhalo contribution

)M €. (V0.9 0)

dZ

We created Monte Carlo simulations
of the brightest and closest subhalos

Each source is characterized by its energy spectrum




4

Subhglos only -

M =40 GeV; ov=3x1026 cm3s, E > 3 GeV




Indirect detection of y-rays:

(I)y: (I)par"ricle physics X O

PP_ 1 OqnnY fz dNY

4313 me E, f

cosmology

Step 2: Integrated contribution of
all the halos (sources) along the LOS

Peoswo(, 40) [ dM [ de [ by [ |G, RRo 2., 9,)-PLe)

los

O (M, c(M,R), r(0, 1, & cp))]

We modeled the LOS integral
and integrated the signal over all sources



Indirect detection of y-rays:
b= P X O

Step 3: Integrated contribution of
EXTRAGALACTIC halos and subhalos

particle physics cosmology

Computing the cosmological y-ray flux due fo DM annihilation in halos...
2 1
. _ov € B g, gy K@ MNEolr D)
dE, 8nH,m h(z) dE

Enhancement due to halo weighted, dlogN AZ
for the halo mass function dlogM

... and subhalos...

Ryir (M)
MAZM — f dMsub f 4TER2de dCP(C)Msubpsh(Msub/M/ R)C(MsublR)3 i;—gg
min 0 :
Normalized to subhalo mass fraction f(M) x f 0 b,(T\N\ .)

LOS

We modeled the LOS integral
and integrated the signal over all sources



The y-ray sky (Aquarius)
Galactic and extragalachc smooth + subhalos

2.4e—02 8.7e—02 3.2e—01 1.2e+00 4.3e+00 1.6e+01 5.89e+01

Mx =4‘_Q‘.Ge~\/_,&‘ ov: 3 XI026Cm351, E>3 G b

LP, Lavalle, Bertone & Branchini 2009



The y-ray sky (Via Lactea 2)
Galactic and extragalactic: smooth + subhalos

2.4e—-02 8.7e—02 3.2e—01 1.2e+00 4.5e+00 1.6e+01 5.9e+01

MX =40 'Ge\_/__, c}‘v__=3x§10'2?“"cm3.s‘1/,“ E>3 GeV

LP, Lavalle, Bertone & Branchini 2009



The y-ray sky
Galactic and extragalactic: Smooth + subhalos
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LP, Lavalle, Bertone & Branchini 2009



Is the y-ray sky from DM annihilation
DETECTABLE?

F M s z 4 " 1 A a2l = |
F UG Lol i | S L S48 ! T i

' i |

LP, Lavalle, Bertone & Branchini 2009



Is the y-ray sky from DM annihilation
DETECTABLE?

MODELED
AFTER EGRETI

LP, Lavalle, Bertone & Branchini 2009



Is the y-ray sky from DM annihilation
DETECTABLE?

gnal background
IRV = N / e
f O0e—03 3.1e—072 1.4e—0Q" ] Z2.be+00

! 5 L_h . I"I

CENTRAL REGION POSSIBLY INTERESTING
©TOBE INVESTIGATED

T a Ly
. %

|'|, .

& .[\

__‘.-"l._ '

. NEEDS A BETTER TREATMENT
OF THE ASTROPHYSICAL BACKGROUND

LP, Lavalle, Bertone & Branchini 2009



Is the y-ray sky from DM annihilation
DETECTABLE?

Y —
ignal background
ISR VITY = N ot / et |
f.0e—03 J.1e—02 1.4e—0" J.ue— 1] Z2.be+00 1.1e+01 a.0e+01

" FOcUs. ON SINGLE H ALOS %

LP, Lavalle, Bertone & Branchini 2009



Is the y-ray sky from DM annihilation
DETECTABLE?

SENSITIVITY =

-

About 10 observable halos

(> 3 oin 5 years of Fermi data taking)
—=—  Via Lactea ll

N
A Aquarius // \

10° 10° 10" 10° 10% 10" 1 10 1?;“1 10*] 10* 10° 10° 10° 10° 10°
msuh sun

=]

Observable subhalos

Nobs

Ml—u'?é;%{ﬁ'uluulluuluu

LP, Lavalle, Bertone & Branchini 2009



to be compared with Fermi 1-year data

Fermi 1 year sky

Simulated sky map of y-rays from DM annihilation

Fermi’s great capabilities give us a unique perspective in investigat
the existence of dark matter particles indirectly, primarily throt
their annihilation or decay into photons and into electrons

Fi r‘ST S I ides f r'o m D M p resenTGT io n (Pieri et al, arXiv:0908.0195, based onVia Lactea Il simulation)

. : Fermi’s great capabilities give us a unique perspective in investigating
at Fer‘ml stPos' um, the existence of dark matter particles indirectly, primarily through

NOV_ 2009 , Cr‘ed |1'. S|mo na Mur‘gia their annihilation or decay into photons and into electrons



to be compared with Fermi 1-year data
after background subtraction

Fermi data

point sources : ,
Isotropic




to be compared with Fermi 1-year data
after background subtraction

WORK IN PROGRESS

gtl’ll ture Formation

’ ; —— GRBs

Lo ul PR | Ll Lol PEEETEEETT
100 1000 10° 5
E (MeV)

point sources . .
Isotropic




Indirect detection of dark matter:

The role of substructures

Subhalo population of our galaxy:
-Prospects for detection in y-rays
-Multi-wavelength analysis




The mutiwavelength/murimessenger/mutitarget

approach

® = ParticlePhysics x Cosmology/Astrophysics x Transport

z<20
extragalactic ICS

L
.'.LJm—j-
-'I'l
."

.'L\..-f""-.—l-

see Profumo & Jeltema 2009

z~1000
recombination

Ei.-’jr modify

- the CMB spectrum

e

s

see Galli, Tocco et al 2009

B et
cc®
CMB + YICS
starlig ht =
IR _

Slide: courtesy of M. Pato



The case of a
“"Possible Indirect Detect

1000
[Fermi 2009]

TOA Posilron energy [GeV)

(GeV' m2s! sr')
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e*e” measurements triggered - |
a wealth of DM model building H A

ATIC

which is good independently o |
on the nature of the excesses | 2 eSS e || \

Systematc ernor - low-gnergy analysis

(that is probably astrophysical) i e
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A new approach is needed

DARK MATTER | THE DATA
THEORY cosmic rays

(PP and COSMO) \ /
Y-rays
looking for a good

candidate, as well as radio PhOTOHS

from pariicle Shysis and DARK MATTER anisotropies
astrophysics HYPOTHESIS:
PHENOMENOLOGICAL CMB...
TEST

multi-messenger
multi-observer
multi-wavelength

Verification, Constraints, Expected sensitivities



The radio sky
GC, no subhalos

Assume a magneftic field

7.2 mG r<0.04pc
7.2 mG(r/0.04pc)2 0.04pc<r<3.38pc
1uG r>3.38pc

Compute synchtrotron power a la Bertone 2008

_ N..(>E..)
N, (%,E..) = = p2u(X) e
) ) 2I'T\ZDM o bsyn(x Eei)
dWe,n (>E..)
dQ [ dspz,, (X)E(X N.. ex
v v ZmDM ;{; 10{ pDM( JE(X,v) >



The antimatter sky
d’Ng

Compute the number density a la Delahaye 2008 Ner(T.X,E ) =

electrons and positrons

- Ke+(Ee+)V2ne+ - % (b(Ee+)ne+) = Qe+(2’ Ee"‘)

e+

ot

protons and antiprotons

% — K, (T,)Vn, - —(sgn(z) p) = Qp (X, Tp) = 2hdy ()T (Tp)n,

Compute fluxes and boosts a la Lavalle 2008

q)cpsm(Ecp) x< OV >f dE Neg fd%(psm( )) Ggfn(izkb)

diff.zone psun

d CR f d3A X < E M (R) de (R)Gsun( 7\'D) Niﬂ? < q)sub >

d diff.zone

<o > (Egp) x<ov > Nclf dE —=



The antimatter sky

T T T T T T 1T | T T T T 11
e’ injection spectra
e'e (100 GeV)
| —— W'W (100 GeV) |
— bb (40 GeV)
® ™ (2 TeV)
=
o
B 1 |
8. — = T_._——_—_:—_T__'_____ T
=
s B ‘ -
& L 4
Via Lactea ll L
| | | 1 11 | 1 | | I |
10*

10"
reduced positron energy e= Elmx

positron fraction ¢e+/ (®, +,))

102

Compute fluxes and boosts a la Lavalle 2008

dN
O cpsm(E cr) x< OV > f dE —=

< (I)CR,CI > (ECR) X< OV > NC,IZCR dE —/—<R

J o

dE diff.zone

dN
dE

diff.zone

Psun

[
*—
1

Via Lactea Il Injected spectra

clumpy halo (50)
ary bg

bb (40 GeV)

e*e” (100 GeV)

e T »—1—| ﬂ—

| fHH | {H |
- i L —— W*W (100 GeV)
B ™ (2 TeV) B
o om HEAT 94-95 ]

o HEAT 00

| e AMS1 07 _|
- s PAMELA 08 ]
B | L L1111 | | | L 11111 ‘ | Il 11111 | N
1 10 107 10°

PP psm( ) G (%

sun

positron energy E [GeV]

(X, p)

f d3A X < E ZM (R) V (R)Gsun( 7\'D) Niﬂ? < q)sub >

LP, Lavalle, Bertone & Branchini 2009



The antimatter sky

II{

e' injection spectra Via Lactea Il Injected spectra

clumpy halo (50)
— 1" bg

e'e (100 GeV)

——  bb (40 GeV)

i {_ e*e’ (100 GeV)
b

—— W'W (100 GeV)

Want to reproduce the data?
Boost factors from subhalos

are not enough. :
Apply boost from particle “weT ]
physics. = *
i HEAT 94-95 )
- HEAT 00

Via Lactea I 102 — o AMS1 07 ]
N E PAMELA 08 -—x_!’f

o reduced positrc;genergy e=E/m, 1 — III1|o — l;‘oz " I1‘0|3

o

T IIIIIII-:_-

positron fraction 0, / (®, +,))

positron energy E [GeV]

Compute fluxes and boosts a la Lavalle 2008

q)cpsm(Ecp) x< OV >f dE—= an fd%(psm( )) Ggfn(izkb)
i Psun

< q)CR ol = (ECR) X< OV > Nclf dE CR f d3A E ~M (R) V (R)Gsun( X, ) Niﬂ? < q)sub >

d diff.zone
LP Lavalle Bertone & Branchini 2009



FACTOR FROM GeV ywitha
SOMMERFELD EFFECT .\'\:g\l’\:xrgy tail

Internal bremmstrahlung
GeV-TeV vy E>0.6 mnau

WIMP DM
_GeV to TeV

keV v
from ICS and ¢

It mimics an attractive force which arises
when the two DM particles get close and are slow.
Annihilation proceeds through the exchange
of massive vector bosons

OgnnV = S(OgnnV)herma




Particle Physics BF: Sommerfeld enhancement

Sommerfeld effect produces a local enhancement of
the annihilation cross-section which depends on the
DM velocity and mass, and does not touch the thermal value

1 & _myr
w(zr) = —My B P(r) - e
My dr r

p dependence

Lattanzi&Silk
mV:SO GeV .
a=1/30

B << — S = SmC(X LS mDMN 4'5 TeV ARKANI-HAMED

my=1 GeV

Mou " =102
saturation

AH mDM_7OO GeV

omy <|3<0L%S=ﬂ:—(l(l—e_m/ﬁ)_1 %‘
mDM B 10
. v 70
1/v behaviour ~— 2’

1 ™
1e-0 1e-05 0.0001 0.001 0.01 0.1

DWARFS B




Particle Physics BF: Sommerfeld enhancement

Sommerfeld effect produces a local enhancement of
the annihilation cross-section which depends on the
DM velocity and mass, and does not touch the thermal value

1 & _myr
w(zr) = —My B P(r) - e
My dr r

NOTE: 1/v EFFECT IS PARAMETER DEPENDENT

mpn=100 GeV ,LS : 0.1 03

AH: 0.003<p<0.01

LS: NO 1/v EFFECT for Mgy < 3 TeV
SMALL SATURATION EFFECT ~O(1)

1 5 : > 3
1e-06 1e-05 0.0001 0.001 0.01 0.1



Particle Physics BF: Sommerfeld enhancement

Sommerfeld effect produces a local enhancement of
the annihilation cross-section which depends on the

DM velocity and mass, and does not touch the thermal value
mass dependence (resonance)

10° N
[ Lattanzi & Silk

p dependence

1e+06

Lattanzi&Silk

mV:SO GeV .
a=1/30
ARKANI-HAMED

my=1GeV 1

0=1072

S

100000 e

LS mDMN 4'5 TeV

10000 =

1000 =

100 ¢

0.0001 0.001 0.01 0.1

DWARFS MW B

1/v2 effect



Particle Physics BF and astrophysics BF:
Sommerfeld enhancement and subhalos

Dwarf galaxies and galactic subhalos have low velocity
dispersions, hence the Sommerfeld enhancement should be
convolved with the sub-subhalo contribution

OgnnV = (O-annv)fhermalS (B(f‘))

2m?

X

P = T(E, d) (Gannv)'rher'mal - E %BRf f d)\S(ﬁ(M, r))péM(M, C(M, r'), R)
Eo f

Y l.o.s

This holds for all annihilation products
We can perform a multi-wavelength analysis

to constrain models
APPLYING BOOSTS TO BOTH &y, AND @, psmo



Compact way of plotting multi-wavelength constraints
APPLIED TO POSITRON FRACTION

—— LS43(WW)
—--——- LS4 45(WW)
LS4 5(WW)
LS4.55(WW)

10°7
+

10'1

(ov) VL2
(ov)er,, MED

1

F, "h

«— FORCED TO BE 1

i.e. we fix ov at the level
aexplaining the positron fraction

£

107 1ot

(ov)

(OV)P,

Pato, LP, Bertone 2009



Compact way of plotting multi-wavelength constraints
APPLIED TO POSITRON FRACTION

— LS43(WW)
---=== LS4 45(WW)
LS4.5(WW)
LS4 55(WW)

+

10°7

10'1

(ov)
(Ov)e+ok

VL2
MED

[ 1

o r‘h

«— FORCED TO BE 1

Models exceeding 1 on any

of the other axes are excludy

“10-14

i.e. we fix ov at the level
w.explaining the positron fraction

b

EXCLUDED |

(OV)P,

Pato, LP, Bertone 2009



Compact way of plotting multi-wavelength constraints
APPLIED TO POSITRON FRACTION

— 1s43wwy 01 (ov) VL2
-m-m-= LS4 A5(WW) VI
e Lsdswwy 1001 (OV)EF,, MED
LS4 55(WW)
EEN

—&¢— FORCED TO BE 1

i.,e. we fix ov at the level

(ov)

(OV)P,

For the models which pass the selection: 104
look at the value GC
.Y
for the thermal cross-section 102l
IN THIS CASE ~ 1028 cm3s!

Too low for standard cosmology...

(ov)

(OV)Y'GCok

Pato, LP, Bertone 2009
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Warning: any model, to be observed, must be
compatible with multi-messenger constraints

radio
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Warning: any model, to be observed, must be
compatible with multi-messenger constraints
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Catena, Fornengo, Masiero, Pato, Pieri, in preparation



Conclusions

Detection of individual structures
In the best case scenario high mass halos are "detectable”
Result poorly dependent on small mass extrapolation

Multi-wavelength constraints
Coherent prediction of signals from all annihilation products
iS now necessary in order to constrain (or discover)
particle physics and cosmological DM models

Upcoming data
This is more than ever important in these years
when data from satellites, Cherenkov Telescopes,
accelerators and Direct detection are about to allow
an unprecedented insight on the DM puzzle




