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direct detection
Xenon, CDMs (Dama/Libra?)

production at colliders -
LH

from annihil in galactic center or halo
and from synchrotron emission

Fermi, HESS, radio telescopes

indirec from annihil in galactic halo or center
PAMELA, ATIC, Fermi
from annihil in galactic halo or center

from annihil in galactic halo or center
GAPS

from annihil in massive bodies
lcecube, KmsNet
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Indirect Detection

pand - from DM annihilations in halo

Sagittarius Arm . ' Local Arm
n .



Indirect Detection

pand from DM annihilations in halo

Galactic Bulge Norma Arm -
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Indirect Detection

pand from DM annihilations in halo

Galactic Bulge Norma Arm -
Scutum Arm | . ‘*

Sagittarius Arm  * . ' Local Arm
Sun .
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pand from DM annihilations in halo

Galactic Bulge Norma Arm

Scutum Arm . .*

Sagittarius Arm  °* . ' Local Arm
Sun _



Indirect Detection

pand from DM annihilations in halo

Galactic Bulge Norma Arm

Scutum Arm . .*

Sagittarius Arm  °* . ' Local Arm
Sun _



Indirect Detection

pand from DM annihilations in halo
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Galactic Bulge Norma Arm

I'< Jh
I T ~< . _ Scutum Arm ® - - !
. N\ Crux_Ara- - !

: /

- | | e | 3
h| ’eim ! N

Salati, Chardonnay, Barrau,

spectrum Donato, Taillet, Fornengo
8f/ 8 8 Maurin’, Brun.j.‘9OS,‘OOs |
—~ _K(E)-V* b(E O 2h6(2) s
5 (E) - V2f = 55 OE)f) + 5~ (Vef) = Qun; (2)span f

diffusion energy loss convective wind source spallations



Indirect Detection

pand from DM annihilations in halo

What sets the overall expected flux?

2
flux «xn O annihilation



Indirect Detection

pand from DM annihilations in halo

What sets the overall expected flux?
flux o<n

astré?

coSMmo




Indirect Detection

pand from DM annihilations in halo
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What sets the overall expected flux?

flux xn

astrc)? reference cross section:
cosmo ov = 3 -10"*%cm*” /sec




From N-body numerical simulations:

Halo model

Cored isothermal
Navarro, Frenk, White
Moore

Einasto | a=0.17 rs = 20kpc

N
M

mg N Einasto
>
&
g
2
cuspy: NEW, s
. 10~
mild:

p—
=
[OV)

1

smooth:



Boost Factor: l
boost the flux fro'[}

Hor illustration:

Milky Way

Resolved Clumps

[ 1‘ . *.’* "

. ¥ ‘ K R ;
' ¥

Milky Way

Kuhlen, Diemand, Ma.dau 200*?

Pieri, Bertone, Branchini,
MNRAS 384 (2008), 0706.2101




boost the flux from al

Hor illustration:

Boost Factor: log

A

‘ nhance the density,

- seem to show almost

- no clumps

in inner 10 kpc
(tidal stripping).

[Millenium Simulation, Carlos Frenk]

Madaii 2007

Kuhlen, Diemand;

Milky Way "

Resalved Clumps

Pieri, Bertone, Branchini,
MNRAS 384 (2008), 0706.2101

Milky Way o
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e W, Z,b,7 ,L,h.. o ety ) R
primary ‘ final
channels products

S | )
ei, 12 B

Positron fraction
Anti—proton fraction

Energy in GeV Energy in GeV
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S0 what are the
particle physics
parameters<

£ )

"W_,Z,b,’r_,t,h.. €:F om—p
primary ﬁna,l
channels products

= 2 =)
RV 20 = D

Positron fraction
Anti—proton fraction

Energy in GeV Energy in GeV

1. Dark Matter ma.ss
&. primary channel(s)






positron fraction antiprotons electrons + positrons

FERMI 2009
HESS 2009
HESS 2008

PAMELA ()(} & __: i ATIC 2008
Ty 5 .‘; - .

PAMELA 08

=
s}
=
Q
I
=
a
<
5
=
v
o
&

anti—proton flux [1 /(m2 sec sr GeV)]
E3 (e +eT )Gt‘:V2 /cm2 sec

Positron Energy [GeV] Tp [GeV] energy in GeV




Positrons from PA MELAS

- steep e’ excess
above 10 GeV! .  PAMELAO
- very large flux! '

c
@)
=
Q
<
e
g
@)
=]
o=
5]
@)
Ay

et

positron fraction:
et +e~

(9430 e collected)

(errors statistical only,
that’s why larger at high energy)

100

Positron Energy [GeV]
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Antiprotons from PANEEAS

- consistent with
the background

PAMELA 08

Pamela Coll. 2008,
submitted to PRL
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(about 1000 p collected)




Electrons + positrons adding FERMI and HESS:

FERMI 2009
HESS 2009
HESS 2008
ATIC 2008

-no e’ + e~ excess
- spectrum ~ E 3%
- 8 (smooth) cutoff?

[E
5
\®]

Q
o
95}

~
£
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>
)
Q
+
®
+
S
(q@)
83

102
energy in GeV



keynote:/Users/mcirelli/Documents/talks%20and%20seminars/31.DMinCR/15.DMinCR.TANGOinPARIS.30min.key?id=BGSlide-60
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/31.DMinCR/15.DMinCR.TANGOinPARIS.30min.key?id=BGSlide-60

positron fraction antiprotons

PAMELA ()8}

PAMELA 08

[1/(m2 sec sr GeV)]
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anti—proton flux

100
Positron Energy [GeV] T3 [GeV]

Are these signals of Dark Matter?

electrons + positrons

FERMI 2009
HESS 2009
HESS 2008
ATIC 2008
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102

energy in GeV



positron fraction antiprotons electrons + positrons

30%

FERMI 2009
HESS 2008
ATIC 2008

GeV)]

Positron fraction
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Positron energy in GeV

Are these signals of Dark Matter?

few TeV, leptophilic DM
with huge (ov) ~ 1072° cm? /sec



positron fraction antiprotons electrons + positrons

.7 \
PAMELA 08 . \ : By FERMI 2009
, : : HESS 2008
ATIC 2008

m? sec sr GeV)]
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Q
<
H
g =
g =
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= =
o
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o

1TeV, DMDM — ptpu~
CHl3

(ov) = 10724 —
sec

Einasto, MAX ‘
10 102 103 104

Positron energy in GeV

Are these signals of Dark Matter?

few TeV, leptophilic DM
with huge (ov) ~ 1072° cm? /sec

a formidable ‘background’ for future searches






Or perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that

emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released

at 7~ 0 — 10°yr (typical total energy output: 1046 erg).
Must be young (T < 10° yr) and nearby (< 1 kpce);
if not: too much diffusion, low energy, too low flux.

.. Predicted flux: ®.: ~ E " exp(E/E.) with p~ 2 and
‘ E. ~ many TeV

(1.4 < p < 2.4, Profumo 2008)

s Daugherty et al. 75

o Buffington et al. "75
® Golden et al. '87
a Muller and Tang ‘87

° — — — t= 7 10%r
Im y
+ — t=1 105yr
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Or perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that

emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released
at 7 ~ 0 — 10° yr.

S . - Must be young (T < 10° yr) and nearby (< 1 kpce);

. . if not: too much diffusion, low energy, too low flux.
Geminga. pulsar Predicted flux: ®.- ~ E Pexp(E/E.) with p~ 2 and
(funny that it means:

“it is not there” in milanese) EC ~ 1Nany TeV
Try the fit with known nearby pulsars:

TABLE 1 100.0 Geminga and BO656+14
List orF NearBY SNRs

Distance Age
(kpc) (y1)

SN I85 e 0.95 1.8 x
SI47 e 0.80 46 x

HB 21, 0.80 1.9
G65.3+5.7 oo 0.80 20
Cygnus Loop......ccu.e... 0.44 2.0
Vela ..o 0.30 1.1
Monogem ........ccoceeereenn. 0.30 8.6
Loopl e 0.17 2.0
Geminga.......ccceeveeereenne 0.4 3.4




Or perha,ps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that
emit v that make production of e™ pairs that are trap-

ped in the cloud, further accelerated and later released
NT a,tTNO—>105yr.
e+ Must be young (T < 108 yr) and nearby (< 1 kpc);
. a if not: too much diffusion, low energy, too low flux.
Geminga pulsar Predicted flux: ®,- ~ E P exp(E/E,) with p~2 and
E. ~ many TeV
Try the fit with known nearby pulsars and diffuse mature pulsars:

diffuse mature &

nearby young
pulsars
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Or perha,ps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that

emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released

at 7 ~ 0 — 10° yr.

! arcil . = Must be young (T < 10° yr) and nearby (< 1 kpce);
. - if not: too much diffusion, low energy, too low flux.
Geminga pulsar Predicted flux: ®.» ~ E Pexp(E/E.) with p~ 2 and

E. ~ many TeV
PAMELA + FERMI + HESS can be well fitted by pulsars:

% HEAT (2001) v HESS (2009)
A BETS (2001) ° (2009)
O AMS—-01 (2002)

B ATIC—1,2 (2008)

% PPB—BETS (2008)

¥ HESS (2008)
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Or perha,ps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that

emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released
at 7 ~ 0 — 10° yr.

P \._., Must be young (T < 10° yr) and nearby (< 1 kpce);

N . - if not: too much diffusion, low energy, too low flux.
Geminga pulsar Predicted flux: ®.+ ~ E Pexp(E/E,) with p~ 2 and

E. ~ many TeV

Open issue.

(look for anisotropies,

(both for single source and collection in disk)

antiprotons, Sammas...

(Fermi is discovering a pulsar a week)

or shape of the spectrum...)



Or perha,ps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that
emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released
at 7 ~ 0 — 10° yr.

Must be young (T < 10° yr) and nearby (< 1 kpce);

if not: too much diffusion, low energy, too low flux.

Geminga puldar Predicted flux: ®.+ ~ E P exp(E/E,) with p~ 2 and
E. ~ many TeV

<

3c upper limits
from data

Open issue.

(look for anisotropies,

(both for single source and collection in disk)

antiprotons, Sammas...

(Fermi is discovering a pulsar a week)

Dipole Anisotropy
o

e,
DI
[

or shape of the spectrum...)

102 10°
Minimum Energy (GeV)

Rule out one single bright source.




positron fraction antiprotons electrons + positrons

30%

FERMI 2009
HESS 2008
ATIC 2008

GeV)]

Positron fraction
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Positron energy in GeV

Are these signals of Dark Matter?

few TeV, leptophilic DM
with huge (ov) ~ 1072° cm? /sec

a formidable ‘background’ for future searches






Indirect Detection

v from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun

' NG
DM: ,’W_,Z,b,T_,t,h...WGZF,(p), D ... and7y
DM \*WJF,Z,B,TJF,f,h...wei,(];),(l_))..

: a,ndry



Indirect Detection

(a.]y from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun

' NG
DM: ,’W_,Z,b,T_,t,h...WGZF,(p), D ... and7y
DM \*WJF,Z,B,TJF,f,h...wei,(];),(l_))..

: a,ndry



Indirect Detection

.|y from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun

' )
DM: ,’W_,Z,b,T_,t,h...WGZF,(p), D ... and7y
DM \*WJF,Z,B,TJF,f,h...wei,(];),(l_))..

. a,ndry



DM annihilations in galactic center

Galactic Bulge Norma Arn
Scutum Arm ‘\ |
\ \ j Crux Arm

OQuter Arm Carina Arm

Perseus Arm

Sagittarius Arm
Sun

| ol (G
LW, 26,77t h...~eT, P, D ... and 7Y

dlogN, /dlogE

b b )l
\‘W+,Z,b,7'+,t,h...«~>ei, DR, a,ndry

typically sub-TeV energies



Indirect Detection

.|y from DM annihilations in Sagittarius Dwarf

Galactic Bulge .gf“ \ \w‘: Norma Arm

Sagittarius Arm ' ' Local Arm

Sun

| (=) (=)
e LW, Zb Tt h.. .~ €T, P D ... and7y
) o (=) (=)
DM SsSWH Z bt Eh.. et D, D ..

. a,ndry



Indirect Detection

c.) radio-waves from synchro radiation of ¢ in GC

Galactic Bulge Norma Arm -

Scutum Arm

Sagittarius Arm ' : ' Local Arm
Sun .



¢.) radio-waves from synchro radiation of ¢ in GC

Galactic Bulge Norma Arm

Scutum Arm

Crux Arm

OQuter Arm Carina Arm

Perseus Arm
10* r

"'---...______._.Eqllip‘dﬂ-iﬁUH B (energy in B ~ kinetic energy)

Sagittarius Arm 10°

- compute the population of ¢ !
from DM annihilations in the GC |

- compute the synchrotron emitted power
for different configurations of galactic /5

(assuming ‘scrambled’ B; in principle, directionality
could focus emission, lift bounds by O(some))

constant B



Indirect Detection

(d.|Y from Inverse Comptonon ¢ in halo

B -~ \“o - ’I'E’ y A-‘:. ‘ .‘ E - ) —
o~ 4 3 o | ;' ; -y ﬁ N\ —_— “or"a Ar“’
- "o 1y TN/ e 4 . ' 6
Crux Arm

Carina Arm

Perseus Arm

Sagittarius Arm  °* . ' Local Arm
Sun :

- upscatter of CMB, infrared and starlight photons on energetic 25

- probes regions outside of Galactic Center



Indirect Detection

'e.]y from outside the Galaxy
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le.] from outside the Galaxy
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'e.]y from outside the Galaxy




Indirect Detection

le.] from outside the Galaxy
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\ 7 from outside the Galaxy

- isotropic flux of prompt and ICS gamma rays, integrated over z and r
- depends strongly on halo formation details and history
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.

Galactic latitude b (deg)
9
)
|
L

Galactic longitude | (deg)



HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.

Galactic latitude b (deg)

Galactic longitude | (deg)



HESS has detected 7y-ray gl

emission from Gal Center o B -

and Gal Ridge. The DM signal [ !g

must not excede that. =W BE
5 S

Galactic longitude | (deg)



HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.

Galactic latitude b (deg)

Moreover: no detection from
Sgr dSph => upper bound. (},

a) M = 10 TeV into W* W™, Galactic Center b) M = 1TeV into u~ u*, Galactic Ridge
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Several observations detected

radio to IR emission from the
Gal Center. The DM signal

must not excede that.

Davies 1978 upper bound
at 408 MHz.

VLT 2003 emission
at 104 Hz.

integrate emission
over a small angle
corresponding to
angular resolution
of instrument
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The PAMELA
and ATIC regions
are in conftlict
with gamma
constraints,
unless...
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DM DM - e e, NFW profile ) DM DM - u*u~, NFW profile
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DM DM — u™ u~, isothermal profile
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...not-too-steep profile needed.




DM DM — u™ u~, isothermal profile
0> f [T 7 g : 10> f
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...not-too-steep profile needed.

Or: take different boosts here (at Earth, for e*) than there (at GC for gammas).
Or: take ad hoc DM profiles (truncated at 100 pc, with central void..., after all we don’t know).




FERMI has measured diffuse cemmmmmm—
7y-ray emission. The DM signal R AT A
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DM DM — uu, Einasto profile

FERMI 5 x 30
FERMI 10 — 20
FERMI Gal. Poles

The PAMELA and
ATIC regions are
in conflict with

these gam:

(113,

constraints,

and here



Einasto profilé
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model dependent
constraints, can be
stringent

Isotropic gamma background
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bounds are typically very sensitive to assumptions
on the cosmological evolution of DM halos
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What if a signal of DM is already hidden
in Fermi diffuse v data? e

2y, Moy = 643 GeV, <o,v> = 4670 x 3 x 10720cms’}
4e, mpy = 385 GeV, <opv> = 997 x 3 x 107, cem.s
4, mpy =739 GeV, <o,v> = 9580 x 3 x 107, cem.s,
with substr., 2e, mpy = 305 GeV, <opv>=74.1 x3 x 1(l_mcmas.1 -
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What if a signal of DM is already hidden

annihilation, Einasto profile annihilation, Einasto profile
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Mmm.... A good fit requires [ 1] careful bkgd subtraction &
[R] fitting energy spectra + angular spectra + associated signals.




T center
AMELA, ATIC, Fermi
or center




Indirect Detection

v from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Crux Arm

Perseus Arm

Sagittarius Arm °* Local Arm

Sun

(SYRES

DI ,’W_,Z,b,T_,t,h...’\’")ezF, p ’ D a’nd V U_p_going
muons:
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Comparing with SuperKamiokande data in 3° to 30°

- dependance on DM profile ‘similar’ to ICS gammas
- constraints large Mpm (o, n o< F,)
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You need a quick reference for formulse and methods
to compute indirect detection signals?

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma rays...
but you don’t want to mess around with astrophysics?



You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

‘The Poor Particle Physicist Cookbook
for Dark Matter Indirect Direction’

PPPC 4 DM ID

We provide ingredients and recipes for computing signals of TeV-scale
Dark Matter annihilations and decays in the Galaxy and beyond.


http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

‘The Poor Particle Physicist Cookbook
for Dark Matter Indirect Direction’

PPPC 4 DM ID

We provide ingredients and recipes for computing signals of TeV-scale
Dark Matter annihilations and decays in the Galaxy and beyond.



http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

Propagation functions for electrons and positrons everywhere in the Galaxy:

Energy loss coefficient function b[E, 1, z] for electrons and positrons in the Galaxy: Mathematica function b,m. refer to the notebook Sample.nb for usage.

Annihilation Decay
Positrons: The file ElecironHaloFunctGalaxyAnn.m provides the halo functions  Positrons: The file ElecironHaloFunctGalaxyDec.m provides the halo functions
I{x.E.r.z) at o point [r.z) in the Galaxy. I{x.E.r.z) at @ point [r.z) in the Galaxy

The notebook Sample.nb shows how to load and use it. The notebook Sample.nb shows how to load and use it.

Propagation functions for charged cosmic rays at the location of the Earth:

Annihilation Decay

Positrons. The file ElectronHaloFunctEarthAnn.m provides the halo functions Positrons:. The file ElectronHaloFunctEarthDec.m provides the halo functions
I(x.Eyrearn) ©f the location of the Earth. I(x.Eyreqrsn) Of the location of the Earth.
The notebook Sample.nb shows how to load and use it. The notebook Sample.nb shows how to load and use it.

-

Table of fit coefficients for the reduced halo function I{A) lable of fit coefficients for the reduced halo function IA)
(in the approximated formalism - see paper). (in the cpproximated formalism - see paper).

Antiprotons:  Table of fit coefficients for the propagation function R(T). Antiprotons:  Table of fit coefficients for the propagation function R(T).

Antideuterons: Tgble of fit coefficients for the propagation function R(T). Antideuterons: Table of fit coefficients for the propagation function R(T).

Fluxes of charged cosmic rays at the Earth, after propagation:

Annihilation Decay
Positrons: Mathematica function: the file ElecironFluxAnn,m provides the Positrons: Mathematica function: the file ElectronFi

-

xDec m provides the

-



http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html
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DM particle
annihilations
produce

free electrons
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DM particles that fit s 3

PAMELA+FERMI+HESS > 152eme
produoe - no DM ann
free electrons




DM DM - 77, Elnasto profile

DM particles that fit
PAMELA+FERMI+HESS
produce too many

free electrons:

bounds on optical depth

of the Universe violated
T =0.084 £+ 0.016 (WMAP-5yr)
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DM DM - 77, Elnasto profile

DM particles that fit

PAMELA+FERMI+HESS
produce too many |
free electrons: L e lm 20K
bounds on optical depth

of the Universe violated
T =0.084 £+ 0.016 (WMAP-5yr)

== == ot = 0.062

otarts constraining
even thermal DM!




Similar conclusion
from global CMB fits

Ruled out by WMAP5

1 XDM p*i" 2500 GeV, BF = 2300
2 u*u" 1500 GeV, BF = 1100

3 XDM p*i” 2500 GeV, BF = 1000
4 XDM e'e” 1000 GeV, BF = 300
5 XDM 4:4:1 1000 GeV, BF = 420

Planck 6 e'e” 700 GeV, BF = 220

forecast 7 w1500 GeV, BF = 560
8 XDM 1:1:2 1500 GeV, BF = 400

9 XDM u'ii” 400 GeV, BF = 110
10 u*i" 250 GeV, BF = 81

11 WW™200 GeV, BF = 66

12 XDM e*e™ 150 GeV, BF = 16
13 e*e™100 GeV, BF = 10
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Galli, Iocco, Bertone, Melchiorri, PRD 80 (2009)
Slatyer, Padmanabahn, Finkbeiner, PRD 80 (2009)




(indicatively) PAMELA
3 *FERMI+HESS

DM particles that fit
PAMELA+FERMI+HESS
inject too much energy
that destroys forming
nuclei: stringent bounds!
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2008-'10 has been crazy in the field of DM indirect detection.

Status: l 1t DM?
e’ /e~ PAMELA, FERMI, HESS something seen neavy (few Tev)
(ATIC, PPB-BETS)
PAMELA nothing strange Leptophilic
d GAPS?, AMS? wait
o FERMI, HESS plenty of data severe constraints
154 SK, ICECUBE data not yet competitive,

but stay tuned

What has the crazyness left?

Hints.
Aol opew—miwoled WESS.
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2008-'10 has been crazy in the field of DM indirect detection.

Status:
e’ /e~ PAMELA, FERMI, HESS something seen
(ATIC. PPB-BETS)
PAMELA nothing strange
d GAPS?, AMS? wait
G FERMI, HESS plenty of data
SK, ICECUBE data

What has the crazyness left?

Hints.
Aol O'Pew—mlwdeol NesSS.

Did we find DM in CR%%%
l don't Rnow. I feel it’s very u.m,LikzeLa, but...

s Lt DM?

heavy (few Tev)

Leptophilic

severe constralnts

wot yet co mpetit'u\/e,
but sta Y tuned
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- Decaying DM

cold substructures - MPospelov M.Trott, b&; e 3. [Ps har iu, I eXm ';1.;{5.;1, Zhu, 0812.0522. Dlscrlmmatlon with SR and IC - Liu, Yin,
Zhu, 0812. 0964 DMnu from GC MPohl ,0'8' 1S 1is: wa, :

M.Papucci, T.Volansky, 0901.2925: DM seeé fﬁe
K.Bae, J.-H. Huh, J.Kim, BKyae RVlolller 08l8
with Zz parity - ..


http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22

- Minimal extensions of the SM:
heavy WIMPS (Minimal DM, Inert Doublet)

- More drastic extensions:
New models with a rich Dark sector

- TeV mass DM

- new forces (that Sommerfeld enhance)

- leptophilic because: - Kinematics (light mediator)
- DM carries lepton

- Decaying DM


http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22

DM need not be absolutely stable,
JU-St' TDM 2 Tuniverse = 4.3 101786(3 Y

The current CR anomalies can be due to decay with:

Tdecas & 10%sec

Motivations from theory®?
- dim 6 suppressed operator in GUT

1 TeV ’ MGUT >4
~ 3 - 10%
g i < MDM > (2 . 1016 GeV

- or in TechniColor
- gravitino in SuSy with broken R-parity...



Indirect Detection
rpand  from DM decay in halo
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Which DM spectra can fit the data®?

B.g. a fermionic DM — g @ v with Mpy = 3.5TeV :
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Beware of gamma ray constraints
(but no radio, neutrino constraints)

DM - uu, Einasto profile

DM - ee, Einasto profile

DM life—time 7 in sec
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- Minimal extensions of the SM:
heavy WIMPS (Minimal DM, Inert Doublet)

- More drastic extensions:
New models with a rich Dark sector

- TeV mass DM

- new forces (that Sommerfeld enhance)

- leptophilic because: - Kinematics (light mediator)
- DM carries lepton

- Decaying DM


http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22

Basic ingredients:

X Dark Matter particle, decoupled from SM, mass M ~ 700+ GeV

¢ new gauge boson (“Dark photon™),
couples only to DM, with typical gauge strength, m, ~ few GeV
- mediates Sommerifeld enhancement of xXx annihilation:
aM/my =1 fulfilled
- decays only into ete or putu”
for kinematical limit




Basic ingredients:

X Dark Matter particle, decoupled from SM, mass M ~ 700+ GeV

¢ new gauge boson (“Dark photon™),

couples only to DM, with typical gauge strength, m, ~ few GeV
- mediates Sommerfeld enhancement of xXx annihilation:

aM/my =1 fulfilled ,
v Vv
i S S

- decays only into eTe  or putu” AIRANRANN
for kinemastical limit
VNANNNASANS

NV
NS
>
S
c(: \%;\
/

"

BExtras:

X isa multiplet of states and gb 1S non-abelian gauge boson:
splitting oM ~ 200 KeV (wvia loops of non-abelian bosons)
- inelastic scattering explains DAMA
- eXcited state decay xx — xX explains INTEGRAL

e e



Phenomenology:

PAMELA Positrons

| Directto u™ u~ (NFW)

Faxifrent e nan

— G.C

-- GR
SgrdSph (NFW) |
Super—K

Bl w .-i"\'_-'.-]'u'-.'l.-. Y S eV

20k
E_v [GeV]




* pioneering: Secluded DM, U(1) Stuckelberg extension of SM

YW Axion Portal: ¢ is pseudoscalar axion-like

W singlet-extended UED: X is KK RNnu, ¢ is an extra bulk singlet

* split UED: X annihilates only to leptons because quarks are on another brane

* DM carrying lepton number: X charged under U(1).,_r., ¢ gauge boson
(mg ~ tens GeV)

* New Heavy Lepton: X annihilates into = that carries lepton number and
decays weakly  (~TeV) (~ 100s GeV)




- Minimal extensions of the SM:
heavy WIMPS (Minimal DM, Inert Doublet)

- More drastic extensions:
New models with a rich Dark sector

- TeV mass DM

- new forces (that Sommerfeld enhance)

- leptophilic because: - Kinematics (light mediator)
- DM carries lepton

- Decaying DM


http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22

) -CMB +SNIa
i -CMB - DM
- acoustic peak in baryons

2 = 'O—x; CMB first peak = Qo =
Pe

L OReNR what’s the difference
i _ between DM and DE?


keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/3.colloquium.Rio.key?id=BGSlide-82
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/3.colloquium.Rio.key?id=BGSlide-82

CMB first peak = Q¢op = 1 (ﬂa,

- CMB + SNla
- CMB - DM
- acoustic peak in baryons

what’s the difference
between DM and DE?


keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/3.colloquium.Rio.key?id=BGSlide-82
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/3.colloquium.Rio.key?id=BGSlide-82




1) galaxy rotation curves
UC(T) o \/QGNM(T‘)

r
V(1) ~ const = par(r) ~ %2
n
Qpp > 0.1
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1) galaxy rotation curves
UC(T) o \/QGNM(T‘)

T

ve(T) ~ const = pa(1) ~ —

.
O = 00

10 20
Radius (kpc)

-~ halo
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“bullet cluster” - NASA
astro-ph/0608247

. {further developmerts]
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e | “bullet cluster” - NASA
e astro-ph/0608247
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M.Cirelli and A.Strumia, astro-ph/0607086
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http://cosmicweb.uchicago.edu
http://cosmicweb.uchicago.edu
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 Andrey Kravtsov, cosmicweb.uchicago.edu

[back]
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2dF: 2.2 10° galaxies

SDSS: 10° galaxies,
& billion lyr

Millennium:
1010 particles,
500 h'! Mpec
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How would the power spectra be without DM (a,ndd‘. no other exti’a, inéfédient)

Multipole ¢

: : (you need DM to gravitationally
(in particular: no DM => no 3@ peak!) “catalyse” structure formation)
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NGC 6503
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Boltzmann equation
in the Early Universe:
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Solar wind Modulation of cosmic rays:
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Solar polarity Modulation of cosmic rays:

solar magnetic polarity reverses at (the max of) each cycle;
during ‘- polarity’ state, positive particles are more deflected away
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