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direct detection
Xenon, CDMs (Dama/Libra?)

production at colliders -
LH

Y 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

J from annihil in galactic halo or center
GAPS

from annihil in massive bodies
lcecube, KmoNet
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Indirect Detection

pand e from DM annihilations in halo

Sagittarius Arm . ' Local Arm
n .
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Galactic Bulge Norma Arm -
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pand e from DM annihilations in halo

Galactic Bulge Norma Arm -
Scutum Arm | . ‘*

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

Galactic Bulge Norma Arm

Scutum Arm . .*

Sagittarius Arm  °* . ' Local Arm
Sun _



Indirect Detection

pand e from DM annihilations in halo
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pand e from DM annihilations in halo

What sets the overall expected flux?

2
flux «xn O annihilation
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pand e from DM annihilations in halo

What sets the overall expected flux?
flux o<n '

astré? .

coSMmo




Indirect Detection

pand e from DM annihilations in halo

What sets the overall expected flux?

flux xn

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










Boltzmann equation
in the Early Universe:
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Boltzmann equation
in the Early Universe:
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pand e from DM annihilations in halo

What sets the overall expected flux?

flux xn

astrc)? pe 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: .10"” ance the density,
boost the flux fro-;“j; | o

Hor illustration:

Kuhlen, Diemand, Ma.dau 0 ’?

Milky Way

Resolved Clumps

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

Milky Way




Boost Factor: _lo s _ance o
boost the flux from anr

Hor illustration:

M recent simulations
- seem to show almost

' no clumps

“in inner 10 kpc

(tidal stripping).

- [Millenium Simulation, Carlos Frenk]

Kuhlen, Diemand, Madau 2007 T

Milky Way

Resalved Clumps

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

Milky Way o
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So what are the
particle physics
parameters<
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"W_,Z,b,’r_,t,h.. B:F —
primary ﬁna,l
channels products
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RV 70 S )

Positron fraction
Anti—proton fraction

Energy in GeV Energy in GeV

1. Dark Matter mass
&. primary channel(s)



r oy




positron fraction antiprotons

PAMELA ()8}

PAMELA 08
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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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positron fraction antiprotons electrons + positrons

30%

FERMI 2009
HESS 2008
ATIC 2008
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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
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Einasto, MAX ‘
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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






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 kpe);
if not: too much diffusion, low energy, too low flux.

\‘” Predicted flux: ® .+ ~ £ Pexp(E/FE.) with p~ 2 and

—t— ¢ ~
| 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
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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.

o~ . . Must be young (T < 10° yr) and nearby (< 1 kpc);

. . 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




OP 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.
e Must be young (T < 10° yr) and nearby (< 1 kpe);
. a 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
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.

! i . - Must be young (T < 10° yr) and nearby (< 1 kpc);
. - if not: too much diffusion, low energy, too low flux.
Geminga puldar 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.

o 8 ._. Must be young (T < 10° yr) and nearby (< 1 kpce);

b P a if not: too much diffusion, low energy, too low flux.
Gerninga 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 ?exp(E/E,) with p~ 2 and
E. ~ many TeV

<

30 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

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



How to reconcile ¢ = 3= 10" *%¢m®/sec with o ~ 10 *’cm’ /sec?

- DM 1is produced non-thermally: the annihilation cross section

- astrophysical boost

- resonance effect

- Sommerfeld effect

+ (Wimpor:

ium)

today is unrelated to the

production process
at freeze-out foday
no clumps clumps

off-resonance on-resonance

@ c~0.1 v/c~10"°



0 *’cm® /sec?

- resonance effect



/

HESS, radio telescopes

iy

e bodies




Indirect Detection

v from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun
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Indirect Detection

v from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun

| ) ()
e LW, Zb Tt h.. .~ €T, P D ... and7y
) _ =) (=)
DM \W+,Z,b,r+,t,h...wei,(p),D .

. a,ndry



v from DM annihilations in galactic center

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

OQuter Arm Carina Arm

Perseus Arm

Sagittarius Arm
Sun

| )
,’W_,Z,b,’i'_,t,h...We:’:,(p), D ... and"y

dlogN, /dlogE

b b =) =)
\‘W+,Z,b,7'+,t,h...«~>ei, p), TD e a,ndry

typically sub-TeV energies



Indirect Detection

~+ from DM annihilations in Sagittarius Dwarf

Galactic Bulge .gf“ \ \w‘: Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

' Sun
| (=) (=)
e LW, Zb Tt h.. .~ €T, P D ... and7y
) _ (=) (=)
DM SsWH 25,7t B b et DD ..

. a,ndry



Indirect Detection

radio-waves from synchrotron radiation of ¢ in GC

Galactic Bulge Norma Arm -

Scutum Arm

Sagittarius Arm ' : ' Local Arm
Sun .



radio-waves from synchrotron radiation of in GC

Galactic Bulge Norma Arm

Scutum Arm

Crux Arm

OQuter Arm Carina Arm

Perseus Arm

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

Sagittarius Arm 107

- 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

v from Inverse Compton on ¢ in halo
g
2% b __\ | | \ 6:: Norma Ara

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

7Y from outside the Galaxy
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Indirect Detection

7Y from outside the Galaxy
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7Y 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
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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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DM DM - u*u~, NFW profile

> The PAMELA
and ATIC/FERMI
regions are in
conflict with
103 104 gamima,
DM mass in GeV COIlStP&iIltS,

unless...



DM DM - e e, NFW profile ) DM DM - u*u~, NFW profile DM DM - 717, NFW profile

1

rvin cm’ fsec
. 1
rv in cm’ fsec

10° ] 10° 10* 10° 10*
DM mass in GeV DM mass in GeV DM mass in GeV

DM DM - W™ W~, NFW profile DM DM — bb, NFW profile DM DM - i, NFW profile

T T T TTIIrT T T T T OTTIIT
[

I =Fy LI TTT T T T T orrrIT T ] 1'}_3] 1-1- rj{_ 1.':;"]_'.11”1” T L R | T

4

rvin cm’ fsec
H L
v in cm” fsec

10* 10° 4 10
DM mass in GeV DM mass in GeV DM mass in GeV




DM DM — u™ u~, isothermal profile DM DM - 7717, isothermal profile
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...not-too-steep profile needed.




DM DM — u™ u~, isothermal profile DM DM - 7717, isothermal profile
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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 pec, with central void..., after all we don’t know).




FERMI has measured diffuse cmmmmmmm—
7y-ray emission. The DM signal R
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DM DM — uu, Einasto profile
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FERMI 10 — 20
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and here...



Einasto profile
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G.Zaharijas’s talk

Exclusion plots, uu channel
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% PAMELA (pink) and Fermi (Blue) regions are excluded when full DM spectrum (FSR+IC)
is considered.

1x 1072

% Note: FSR-only limits are weak since the data only ol

up to 100 GeV has been used (will improve when/if
<~300 GeV data set is used). o




Gamma lines
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M.Gustafsson’s talk

Isotropic gamma background

= MSII-Res BulSub
Conservative limits -  MSII-Sub1 == MSII-Sub2

Stringent limits

WIMP mass [GeV] WIMP mass [GeV]

bounds are typically very sensitive to the assumptions
on the cosmological evolution of DM halos

dSph satelhtes (& galaxy clusters)

Famsswene” l Competitive
7 B constraints

(if ICS

included)
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What if a signal of DM is already hidden

in Ferm
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What if a signal of DM is already hidden

in Fermi diffuse v data®?
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Mmm, a good fit requires fitting
energy spectra + angular spectra + associated signals.
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What if a signal of DM is already hidden
in Fermi diffuse 7 data?
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Mmm, a good fit requires fitting | 0905.0372
energy spectra + angular spectra + associated signals.
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Indirect Detection

d from DM annihilations in halo

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm
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Indirect Detection

d from DM annihilations in halo

— _ K(E (SE (b(E)f) + %(ch) = Qinj — 2h0(2)Tspan f

diffusion energy loss convective wind source spallations




d from DM annihilations in halo

The signals from heavy, non-leptons-only DM

are interesting!
TOA d—flux: from yy — bb: best and worst cases

current BESS limit
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dotted: worst case: isothermal, prop.: min
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d from DM annihilations in halo

The signals from heavy, non-leptons-only DM
are interesting!

TOA d—flux: from yy — bb: best and worst cases

current BESS limit

ﬁ dashed: best case: NFW, prop.: max
dotted: worst case: isothermal, prop.: min
o

v)(5 TeV :3><10_222gm3.§"1 .
ann. V) (10 Te )=7X10_°I cmas‘
ann V(20 TeV)=2x1072! cm?s™!

ann.

10°
T in GeV/n

T X dCI)E/dT n l/mQSec ST

d kinetic energy T in GeV/n

Improved computation,
including QCD jets.
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Indirect Detection

v from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Crux Arm
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Comparing with SuperKamiokande data in 3° to 30°

- dependance on DM profile ‘similar’ to ICS gammas
- constraints large Mpm (o, ny o< E,)
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full evolution equation:




CC absorption
and tau regeneration

Vr regeneration
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Effects of oscillations and interactions:

- reshufile of the 3 flavors
(oscillations and regeneration)

- attenuation of the fluxes moy = 50 GeV
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- degradation of energy
(distortion of spectra,)
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up-going muons:

Not very promising
if DM is heavy
and leptophilic.




DM particle
annihilations
produce

free electrons

dir’ion Z
—naHo/Qum(1 + 3)11/27() = I(z) — R(2).

, z dt dN
n_HL + = Nion(ZLion 4 ’ / dZ/ o / (Z’I)
NA €iH e o 1z dEw

N dt .
dz"WnA(l + z”)‘;atot(E;f)

x1011(~) TCI\‘IB(Z) - j—vigm(Z) +
1+ xijon(z) + 0.073 te(2)

) TPM < dO'(R) 1 (52 (1 +.Z)2
[,2)=4)/=—=0.(14+2)—FL—— _e v
’ \/;\1 =07 o7 O\ e



keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81

DM particles that fit s 3

PAMELA+FERMI+HESS > 152eme
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free electrons
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DM DM - 71, Einasto profile

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

free electrons:

bounds on optical depth

of the Universe violated
7 = 0.084 &+ 0.016 (wMAP-5yr) K
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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

—
1
(/2]
"
(@)
| — ]
N
>
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100
DM Mass [GeV]

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!




DM need not be absolutely stable,
JuSt' TDM 2 Tuniverse = 4.3 101786(3 3

The current CR anomalies can be due to decay with:

Tdecas & 10°°sec

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

1 TeV 5 MGUT )4
~ 3 108
e £ < 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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What sets the overall expected flux?
flux oc n Tgecay



Which DM spectra can fit the data®?

BE.g. a fermionic DM — g @ v with Mpy = 3.5TeV

(cm~str s)_lGeVz]

E®, [

50 100 500 1000 100
Energy [GeV] Energy [GeV]

—
[o\]
>
2]
O
—
—
w
]
~
«
N
g
Q
~—
[t
v
K
o
K3

50 100 500 1000
Energy [GeV] Energy [GeV]




DM life—time 7 in sec

Gamma ray, radio, neutrino (non)constraints:

DM - 4u, NFW profile
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DM life—time 7 in sec
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G.Zaharijas’s talk

Exclusion plots, DM decay to uu channel

——— SNR, z=4 kpc, FSR+IC Decaying DM
SNR, z=4 kpc, FSR

Preliminary

500

| m [GeV]

1000 2000

% Also in the case of the decayibg DM, PAMELA (pink) and Fermi (Blue) regions are
disfavored when full DM spectrum (FSR+IC) is considered.




DM life—time 7 in sec

Gamma ray, radio, neutrino (non)constraints:
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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
o FERMI, HESS plenty of data
SK, ICECUBE data

What has the crazyness left?

Hints.
Aol O'Pew—mlwded WESS.

Did we find DM in CR%%%

s Lt DM?

heavy (few Tev)

Leptophilic

severe constralnts

wot yet co mpetitive,
but sta Y tuned



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
o FERMI, HESS plenty of data
SK, ICECUBE data

What has the crazyness left?
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Did we find DM in CR%%%
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Back up slides



Solar wind Modulation of cosmic rays:

d®P; = dd
P@:p@ p T:T@+‘Z€|¢F

dT, p? dT ' |
- Fisk
spectrum spectrum potential @ >~ 500 MV
at Earth far from Earth

(11yr) Solar Cycle Variations

AMS-01
Caprice

Caprice |

~ Irradiance ( /annual) Solar Flare Index ~
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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

+solar | - b
polarity polarity

(11yr) Solar Cycle Variations
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How to reconcile ¢ = 3= 10" *%¢m®/sec with o ~ 10 *’cm’ /sec?

- DM 1is produced non-thermally: the annihilation cross section

- astrophysical boost

- resonance effect

- Sommerfeld effect

+ (Wimpor:

ium)

today is unrelated to the

production process
at freeze-out foday
no clumps clumps

off-resonance on-resonance

@ c~0.1 v/c~10"°



DM annihilation via a
narrow resonance just
below the threshold:

16 2]

- e m B,B;
E23;6; (B2, — m?)? + m21?

32T V2

m?; (6 + £ug)? + 92

m? =4M*(1—-¢6) o 1

o)

B;B;

{opiinyta

Enhancement can reach 10°

1074 1073

with very fine tuned models. 3
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NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Y(7) wave function of two DM particles (7= - =)
obeys (reduced) Schrodinger equation:

(V does not depend on time)
1 d?a

Vo= e
MdTQIV\w_M @

N velocity
potential due to exchange of force carriers

At r = 0: annihilation

0 ann XA with 1’ such that (DM DM|T|final)

Sommerfeld enhancement:
o P(00) |
R = arnn

Ogun, | 48

\ unperturbed cross section
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NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:

1 d*y
M dr2

84

with V = — e .
r

+V p = Mv2y
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NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:

1 d?a
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parameters are: «,V, my , M

R depends on: and oM /my

The effect is relevant for:
i.e.
i.e but not at f.o.




NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:
= d2¢+V~¢—M &
M dr? T
@7 1
with V=——e ™V"
r

parameters are: «,V, my , M

«\ L I

J'

R depends on: and aM/my

(
|
|

The effect is relevant for:
i.e.
i.e but not at f.o.
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NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:

1 d?a
- ) = M2
MerJrVw 2
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r

| I A A A |

DM DM -» W*W~

parameters are: «,V, my , M
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The effect is relevant for; : DM DM - yy
i.e.
i.e but not at f.o.

3 10—3
case of MDM fermion 5-plet: V/C
M=9.7 TeV, W,Z exchange




NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:
1 d?
_Mdf+V¢:MV2w T T T T
s = DM DM - W*W-
with V = — e .
T
: saturation for
parameters are: o, V, my, M v < my M
R depends on: and oM /my
The effect is relevant for; : DM DM - yy
i.e.
i.e but not at f.o.

3 10—3
case of MDM fermion 5-plet: V/C
M=9.7 TeV, W,Z exchange




NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:
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NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:
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R depends on: and aM/my

The effect is relevant for:
i.e.
i.e but not at f.o.
aM/my = 1 i.e.long range forces

for SM weak: my — My z
M — multi—TeV

for 1 TeV DM: need my — GeV




NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:
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NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

Yukawa potential:

1 d*y
M dr2

84

with V = — e .
r

+V p = Mv2y

parameters are: «,V, my , M

R depends on: and oM /my

The effect is relevant for:

1.e.
i.e but not at f.o.
aM/my = 1 i.e.long range forces 0 05 1 15 2 25
case of MDM fermion 3-plet: .
for SM weak: my — My z M=2.5 TeV, W.Z exchange DM mass in TeV

M — multi—TeV
for 1 TeV DM: need my — GeV



NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of smaill velocity and relatively long range force.

In terms of Feynman diagrams:

First order cross section:

For aM / my = 1 the perturbative expansion breaks down,
need to resum all orders
i.e.: keep the full interaction potential.



NP QM effect

magnitude in long range force.
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S.Matsumoto, T. MOPOl 0811. 0250:
T.T.Yanagida, 0811.0477: Hldden-GaugemB )SOI
D.Finkbeiner, L.Goodenough, N.Weiner, 0&1}\3, 3.
Wigner enhancement of DM annihilation
cold substructures - M.Pospelov, M.Trott, 0&12 )4
Zhu, 0812.0964: DMnu from GC - M. Pohl 08 ’2’1 |
B.Dutta, K.Richardson-McDaniel, Y. Santos %
A.Stebbins, K.Zurek, 0812.32082: Nearby DM clumy

R.Khalid, @ Shafi, H. Yuksel 0901.0923: cMSSM DM wi

with Zs parity -...

- Decaying DM


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: - kKinematics (ligsht 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 21 fulfilled
- decays only into ete or pu'u”
for kinemastical 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 kinematical limit
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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

Gl etes



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: - kKinematics (ligsht mediator)
- DM carries lepton

- Decaying DM
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