Di1rFrUSE 7 RAY CONSTRAINTS ON

ANNIHILATING OR DECAYING DM AFTER
FERMI

Paolo Panci

Supported by Marie Curie Early Stage Research Training
(MRTN-CT-2006-035863 - UniverseNet)

UNIVERSITA DEGLI STUDI DE L'AQUILA & UNIVERSITE PARIS 7

gg IDAPP
L)

@
218 July 2010, Institut d'Astrophysique de Paris (IAP)
arXiv:0912.0663 in collaboration with M. Cirelli and P.D. Serpico

iDIDEROT

PARIS ™

PaorLo Panct DIFFUSE v RAY CONSTRAINTS ON ANNIHILATING OR DECAYINC



m Dark Matter Indirect Detection with v rays

m Inverse Compton ~ rays
m Prompt ~ rays
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PLAN OF THE TALK

m Dark Matter Indirect Detection with v rays

m Inverse Compton ~ rays
m Prompt ~ rays

m Constraints on Annihilating or Decaying Dark Matter by
using the diffuse « rays measured by the FERMI satellite
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INDIRECT DETECTION (7 RAY CONSTRAINTS)
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INDIRECT DETECTION (7 RAY CONSTRAINTS)

Prompt ~ rays from DM annihilations/decays in the Galactic Center, in
Dwarf Galaxies and Satellites
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INDIRECT DETECTION (7 RAY CONSTRAINTS)
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Prompt ~ rays from DM annihilations/decays in the Galactic Center, in
Dwarf Galaxies and Satellites

Radio wave from synchrotron radiation of e"e™ produced by DM
annihilations/decays in the GC (very large magnetic field)
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INDIRECT DETECTION (7 RAY CONSTRAINTS)
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Prompt ~ rays from DM annihilations/decays in the Galactic Center, in
Dwarf Galaxies and Satellites

Radio wave from synchrotron radiation of e"e™ produced by DM
annihilations/decays in the GC (very large magnetic field)

~v rays from the Inverse Compton Scattering (ICS) of the e™e™, produced
by DM annihilations/decays in the Galactic Halo (GH), with the ISRF

photons
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INDIRECT DETECTION (7 RAY CONSTRAINTS)
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Prompt ~ rays from DM annihilations/decays in the Galactic Center, in
Dwarf Galaxies and Satellites

Radio wave from synchrotron radiation of e"e™ produced by DM
annihilations/decays in the GC (very large magnetic field)

~v rays from the Inverse Compton Scattering (ICS) of the e™e™, produced
by DM annihilations/decays in the Galactic Halo (GH), with the ISRF

photons
ISRF from GC
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DirrUSE v RAY EMissioN (FERMI DATA POINTS)
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DIFFUSE v RAY EMISSION
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(FERMI DATA POINT

FErMI DATA (FERMISYMPOSIUM)

2 regions that surround the GC
m 3° latitude x 3° longitude
m 5° latitude x 30° longitude

FERMI DATA (FERMISYMPOSIUM)

2 regions outside the Galactic Plane
m 10°-20° latitude x 180° longitude
m 60°-90° latitude x 180° longitude
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DIFFUSE v RAY EMISSION (FERMI DATA POINT
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than 30 the data
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The DM signals do not exceed more



ICS FLUXES AT EARTH FROM DM ANN/DEC
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ICS FLUXES AT EARTH FROM DM ANN/DEC

© L[ g gkl
de € Jaa l.o.s. Am

m c is the energy of the photon that we detect at Earth
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ICS FLUXES AT EARTH FROM DM ANN/DEC

© L[ g gkl
de € Jaa l.o.s. Am

m c is the energy of the photon that we detect at Earth

m s is the coordinate along the line of sight (l.0.s)
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ICS FLUXES AT EARTH FROM DM ANN/DEC

© L[ g gkl
de € Jaa l.o.s. Am

m c is the energy of the photon that we detect at Earth

m s is the coordinate along the line of sight (l.0.s)

® jiot(€, r) = jpvy(€,r) + jic(e, r): is the total emissivity of a cell located at
distance r from the GC
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ICS FLUXES AT EARTH FROM DM ANN/DEC

91 o[ ahulerts)
de € Jaa l.o.s. Am
m c is the energy of the photon that we detect at Earth

m s is the coordinate along the line of sight (l.0.s)

® jiot(€, r) = jpvy(€,r) + jic(e, r): is the total emissivity of a cell located at
distance r from the GC

Jor(&1) = € Qy(e,r)

DM ANNIHILATION

=

Q5 (e, r) = Taee ny(r)

dN, /de computed by using the PYTHIA MonteCarlo code
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ICS FLUXES AT EARTH FROM DM ANN/DEC

91 o[ ahulerts)
de € Jaa l.o.s. Am
m c is the energy of the photon that we detect at Earth

m s is the coordinate along the line of sight (l.0.s)

® jiot(€, r) = jpvy(€,r) + jic(e, r): is the total emissivity of a cell located at
distance r from the GC

jio(e,r) = 2/ * dE. P(c, o, r) ne(Es, r)

DIFFERENTIAL POWER

The derivation is straightforward in
terms of the well-known IC kinematics
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ICS FLUXES AT EARTH FROM DM ANN/DEC

© L[ g gkl
de € Jaa l.o.s. Am

m c is the energy of the photon that we detect at Earth

m s is the coordinate along the line of sight (l.0.s)

® jiot(€, r) = jpvy(€,r) + jic(e, r): is the total emissivity of a cell located at
distance r from the GC

jio(e,r) = 2/ * dE.P(e, Ee, r) ne(Ee, 1)

DIFFERENTIAL POWER ELECTRONS NUMBER DENSITY
The derivation is straightforward in The derivation can be done by solving
terms of the well-known IC kinematics the diffusion-loss equation
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

10 [, of of 19 Of 10 . .1 QeEr)
- D— - - - 4+ = fl = —"227
r? or {r 8r] " or 3r2 8r(r V)P 8p + p? dp [pp ] 4rp?

v ~————
diffusion advection convection radiative losses source

f = ne(Ee, r)/(47‘rp2) with p electron momentum
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

10 |,.0f of 1 0 of 1 0 7.2 Q.(E,r)
S R L e
r? or {r 8r] " or 3r? 8r(r V)P 8p t op PP 47 p?

—— ——
diffusion advection convection radiative losses source

f = ne(Ee, r)/(47‘rp2) with p electron momentum

FERMI REGIONS

Big Regions of the sky, well outside the
GC

0 =1°=X\° = rpf ~ 0.15 kpc

0.45 kpc x 0.45 kpc
0.74 kpc x 4.44 kpc
1.48 kpc - 2.96 kpc x 26.65 kpc
8.88 kpc - 13.33 kpc x 26.65 kpc/
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

10 |,.0f of 1 0 of 10 7.5 Qe(E, r)
A e o A R s Tt A i
r? or {r ar] "or 3r? (‘)r(r v)p ()p Tz op 47 p?
~—~— —_—
diffusion advection convection radiative losses source

f = ne(Ee, r)/(47‘rp2) with p electron momentum

FERMI REGIONS m Are only important in a region

Big Regions of the sky, well outside the close to the BH accretion disk
e (face >~ 0.04 pc)

0 =1°=X\° = rpf ~ 0.15 kpc

0.45 kpc x 0.45 kpc

0.74 kpc x 4.44 kpc

1.48 kpc - 2.96 kpc x 26.65 kpc
8.88 kpc - 13.33 kpc x 26.65 kpc/
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

,lﬁ F2Dg Vg ,ig r2v) g+i£ [ 2f:| _ Qe(E,I’)
r2 or or or 3r2 or pap p2 Op PP = 47 p?
~—~— ———
diffusion advection convection radiative losses source

f = ne(Ee, r)/(47‘rp2) with p electron momentum

FERMI REGIONS m Are only important in a region

Big Regions of the sky, well outside the close to the BH accretion disk
e (face =~ 0.04 pc)

m Approximation for the inner part
of our Galaxy (Tait ~ Trad)
True outside the Galactic Plane

0.45 kpc x 0.45 kpc (Tait > Traa)
0.74 kpc x 4.44 kpc

1.48 kpc - 2.96 kpc x 26.65 kpc
8.88 kpc - 13.33 kpc x 26.65 kpc/

0 =1°=X\° = rpf ~ 0.15 kpc
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

_ 19 1.,0f of 192,00 1071 o7_ QlEr)
r2 or [r D@r} "or 3r2 Or(r V)pap Jrp2 op {pp f} © 4mp?
N~ N —’

advection

diffusion convection radiative losses source

f = ne(Ee, r)/(47‘rp2) with p electron momentum

FERMI REGIONS m Are only important in a region

Big Regions of the sky, well outside the close to the BH accretion disk
e (face =~ 0.04 pc)

m Approximation for the inner part
of our Galaxy (Taif ~ Trad)
True outside the Galactic Plane

0.45 kpc x 0.45 kpc (Taift > Trad)

0.74 kpe X 4.44 kpc m Turn out to be dominated by the
1.48 kpc - 2.96 kpc x 26.65 kpc ICS radiative process

8.88 kpc - 13.33 kpc x 26.65 kpc

0 =1°=X\° = rpf ~ 0.15 kpc
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

1 mx

e Ee7 = 7 /- N
n ( I’) btot(Ee,r) E

dE. Q.(E.,r)
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

1 mx

e Ee7 = 7 /- N
n ( I’) btot(Ee,r) E

dE. Q.(E.,r)

m biot(Ee, r) = bems(Ee) + bir(Ee, r) + bsL(Ee, r)
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

1 mx

eE€7 = T =
ne(ber) = b ) e

dEe Qe(EGH r)

m biot(Ee, r) = bems(Ee) + bir(Ee, r) + bsi(Ee, r)

m Qe(Ee,r): Source term in the diffusion-loss differential equation
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DERIVATION OF THE ELECTRONS NUMBER DENSITY

1 mx

— dE. Q.(E.,r
btot(Eear) Ee Q( )

ne(Ee, r) =

m biot(Ee, r) = bems(Ee) + bir(Ee, r) + bsi(Ee, r)

m Qe(Ee,r): Source term in the diffusion-loss differential equation

DM ANNIHILATION

ann 1 ec
Q" (Ee,r) = §<‘7V> ny(r) dE. (E) 3 (Ees r) = Taec nx(r) TEe(EC)
m (ov): Annihilation cross section B Mdec = 1/Tdec: Decay rate
m n, = p/my: DM number density m n, = p/my: DM number density
m dNZ"" /dE.: Electron spectrum m dNZ°°/dE,: Electron spectrum
produced by DM annihilation produced by DM decay

dNe./dE. computed by using the PYTHIA MonteCarlo code
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Constant byot over each of the observation regions that we consider
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ICS FLUXES AT EARTH FROM DM ANN/DEC

—amn 1 (V) pZ dnp™ dn= hilati
Jiann - < > pGZ) ® ! + o (annlhllatlon)
dd>,- 2 Ar mX de 1C € Py

deAQ

“dec lMdec PO d,\lfdeC deeC

Jdee Zdec PO i 7 (decay)

4T my € lic € lpy

dNianu/dec 2 pmy i Pi(Eer€) [mx uE stnn/dec gnann/dec B dN:nn/dec
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ICS FLUXES AT EARTH FROM DM ANN/DEC

—amn 1 (V) pZ dnp™ dn= hilati
Jiann - < > pGZ) ® ! + o (annlhllatlon)
dd>,- 2 Ar mX de 1C € Py

deAQ

“dec lMdec PO d,\lfdeC deeC

Jdee Zdec PO i 7 (decay)

4T my € lic € lpy

dNianu/dec 2 pmy i Pi(Eer€) [mx uE stnn/dec gnann/dec B dN:nn/dec
T de o T ./me “ bl (E) Jeo © dE de Py - de

DECAY SCENARIO
Jdec _ / é P["(S» b, l)]
’ o po

b — Galactic latitude
I — Galactic longitude

ds p*[r(s, b, /)]
o P

jiann — /

b — Galactic latitude
| — Galactic longitude
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BoosT FACTORS IN OUR REGIONS

Region latitude b & Jann j,de"
longitude / IsoT NFW Einasto IsoT NFW Einasto
3%3' 0.25° < |b| < 2.75° 35.1 325 595 820 146 185

357.25° < | < 359.75°
0.25° < | < 2.75°

‘530’ 0.25° < |b| < 4.75° 20.9 51.1 85.9 6.56 7.53 8.72
330.25° < | < 359.75°
0.25° < | < 29.75°

‘10—20' 10° < |b| < 20° 3.35 3.46 4.23 2.45 2.38 2.47
0° < | < 360°
‘Gal Poles’ 60° < |b| < 90° 0.92 0.96 0.94 1.74 1.69 1.67

0° < | < 360°

In the DM annihilation scenario the signals from the inner part of our Galaxy
are boosted compare to the decay one

More competitive v ray constraints in the DM annihilation scenario
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SUMMARY & RESULTS (DM ANNIHILATION)
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DRAW THE EXCLUSION LINES (0anyV)/m, PLANE
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DRAW THE EXCLUSION LINES (0anyV)/m, PLANE

Recent Numerical Simulations (Einasto profile):

pentr) = pren | <2 ((£)<1)], a=oan,

Previously standard choices (NFW & IsoT):

2
rs r Ps
N=ps— 1+ — 5 isoT\FN) = ——F>3
pew(r) = p r ( rs> pizar(r) 1+ (r/rs)?
DM halo model | r; in kpc  ps in GeV /cm® . ﬁ
NFW 20.0 0.26 5
Einasto 21.8 0.05 2 1
Isothermal 3.20 2.31 §ig:
T e i 107
rinkpc
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DRAW THE EXCLUSION LINES (0anyV)/m, PLANE

m Consider a Benchmark DM Halo profile

m Calculate the ICS signal and the prompt signal in each given primary
annihilation channel spanning the DM mass in a range between
100 GeV up to 10 TeV
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DRAW THE EXCLUSION LINES (0anyV)/m, PLANE

m Consider a Benchmark DM Halo profile

m Calculate the ICS signal and the prompt signal in each given primary
annihilation channel spanning the DM mass in a range between
100 GeV up to 10 TeV

m Require that the DM signals do not exceed more than 30 the FERMI
experimental data
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IC + PrROMPT v CONSTRAINTS (DM ANNIHILATION)

DM DM - 77, Einasto profile

P

<
4
8

The PAMELA allowed region (green
95% C.L. and yellow 99.999% C.L.)

10722 ;
%10723 FERMI 4+ HESS + PAMELA allowed
? region (red 95% C.L. and orange
g E A
w0a] LA 99.999% C.L.)
E FERMI 5'x 30’ ]
0%, FERMI10-20° - - - - 3 are completely excluded by the IC +
E FERMI Gal. Poles — — — 1 Prompt ~ constraints !!!
10726 i LA
10? 10° 10*

m, [GeV]
P.P., M. Cirelli, P.D. Serpico
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IC + PrROMPT v CONSTRAINTS (DM ANNIHILATION)

DM DM - ee, Einasto profile DM DM - up, Einasto profile DM DM - 77, Einasto profile
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10 10

104 102

102 102

o=l Buoal 3
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0% FERMI10-200 ---— 03 FERMI10-20° - --- 073 FERMI10-20° - ---
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0% 0% 0%
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P.P., M. Cirelli, P.D. Serpico




IC + PROMPT v CONSTRAINTS (DM ANNIHILATION

DM DM - ee, Iso profile DM DM - p, 150 profile DM DM - 7, Iso profile

02 FERMI 3'x 3 FERMI3'x3 oo 07 FERMI3'x3 oo
FERMI 5'x 30" FERMI 5'x 30" FERMI 5'x 30"
10 FERMI10-200 - ——— 103 FERMI10-200 - ——— 105 FERMI10-200 - ———
FERMI Gal. Poles — — — FERMI Gal. Poles — — — FERMI Gal. Poles — — —
10% 10% 0%
107 10° 10t 102 10° 10t 107 10° 10
m, [Gev] m, [Gev] m, [Gev]

P.P., M. Cirelli, P.D. Serpico

For the smooth isothermal profile, regions of the parameters space seem to be
reopened.

The FERMI + HESS + PAMELA allowed region in the case of annihilation
into muons is not excluded yet
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HADRONIC MODE CONSTRAINTS

DM DM - bb, Einasto profile

DM DM - tt, Einasto profile

DM DM — WW, Einasto profile
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P.P., M. Cirelli, P.D. Serpico

The exclusion lines lie below the FERMI+HESS+PAMELA allowed region

The constraints from our Galaxy are not so strong
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see e.g. Zaharijas et al. JCAP 1004:014,2010
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P.P., M. Cirelli, P.D. Serpico

The residual " Isotropic radiation” measured by FERMI imposes the strongest
contraints

It excludes the decay explanation of the FERMI4+-HESS+PAMELA anomalies
for the 77 channel and starts to exclude the decay explanation for the pu
channel
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CONCLUSIONS

Leptonic Annihilation modes:

m For the NFW or Einasto profiles, the current data exclude not only DM
scenarios explaining the FERMI4+-HESS+PAMELA allowed regions, but
also PAMELA regions alone to hight confidence level

m For "cored” profiles, regions of the parameters space seem to be reopened
(The annihilation into muons is not excluded yet)
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Leptonic Decay modes:
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m For the NFW or Einasto profiles, the current data exclude not only DM
scenarios explaining the FERMI4+-HESS+PAMELA allowed regions, but
also PAMELA regions alone to hight confidence level

m For "cored” profiles, regions of the parameters space seem to be reopened
(The annihilation into muons is not excluded yet)

Leptonic Decay modes:

m The residual isotropic radiation measured by Fermi imposes the strongest
constraint and it is independent on the DM halo profiles

m |t excludes the decay explanation of the FERMI+HESS+PAMELA
anomalies for the 77 channel and starts to exclude the decay explanation
for the pu channel

Tensions with other Constraints:
m Constraints from Synchrotron radiation  (Bertone et al. arXiv:0811.3744)

m Constraints from lonization and Heating of the InterGalactic Medium
(Cirelli, locco, Panci arXiv:0907.0719), (Huetsi et al. arXiv:0906.4550), (Galli et al. arXiv:0905.0003)
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