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What is gamma-ray diffuse emission?
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The LAT gamma-ray sky ...
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Diffuse gamma-ray emission

at GeV energies > 80% photons
from diffuse emission unresolved sources

Galactic interstellar emission: \ ' ' ic?
interactions of cosmic rays with isotropic (extragalactic?)
interstellar gas/radiation field diffuse emission
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Galactic interstellar gamma-ray emission

.\jj;i 170 decay »
—Q &

Bremsstrahlung

€ e Galactic interstellar emission:

\ Inverse « cosmic-ray (CR) tracer

Interstellar f e Compton (IC)  interstellar medium (ISM)

Radiation
Field (ISRF)

Galactic interstellar emission:
« background for source detection/characterization
« foreground for isotropic diffuse emission

* hide signals of exotic processes (dark matter)?
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Modelling the Galactic interstellar emission

Ingredients available:

* CR at Earth

 candidate CR sources

* propagation mechanisms T L TR G TR
* Cross sections il el ,"':;':'_'i_' -'_'-"',\

e

* Interstellar gas CRLsﬁectraand lSMﬂSRF a_.-.—';._'_

* ISRF o fe,v/erywherﬁ In*IhE Gal=- XV
* magnetic field : 2l Tl

A possible recipe: GALPROP
(e.g. Strong & Moskalenko 1998, Strong 2007) numerical code for CR
propagation in the Galaxy

L. Tibaldo, Fermi measurements of diffuse gamma-ray emission ~ Assisi, SciNeGHE 2009 6/23



Extragalactic Gamma-ray Background (EGB)
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Conventional astrophysical processes:

 populations of unresolved sources (AGNs, galaxies, ...)
e debris in the neighborhood of the the Solar system

e distant GRBs ...
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Galactic interstellar emission
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The EGRET GeV excess

e excess of emission > 1 GeV w.r.t. models based on locally measured

CR spectra

« different interpretations: instrument, CRs, dark matter ...
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Fermi view at intermediate latitudes
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Gamma-ray emission from local interstellar
medium APPROXIMATELY explicable on the
basis of directly measured CRs.
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Extracting the emissivity of local H |
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Local H 1 emissivity

— eq=1.84 ® Fermi-LAT data
total

— nucleon-nucleon
——— electron bremsstrahlung

E2 x Emissivity (MeV? s-'sr-"MeV"")
o

Abdo et al. 2009, ApJ 703, 1249
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CR sources and molecular masses

* CR sources:

3;— REEREEE SNR, Case & Battacharya (1998) —i
* still mysterious > z.si— ------- PSR, Lorimer (2004) —i
» large uncertainties on SRN  § °F E
distribution 8 E
° E =
~ PSR? - :
05— —]

I

 molecular gas: 10

x H2 does not have emission
lines we can observe

«~  CO Indirect tracer
x XCO:N(HZ)/WCO

------ Strong & Mattox {1996)
------ Strong et al. {2004)
- = Makanishi & Sofue (2005)
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Exploring the outer Galaxy: Cas & Cep

longitude (de:
120 115 110 9105( %0

il l 'I'i 1 ! ) ! ﬂ
e T LS N |,_|.""r ey thl e
.'. q; Lo kil woitC LA

—
w
@
E
=
2
=
Q
S
[
>

L. Tibaldo, Fermi measurements of diffuse gamma-ray emission ~ Assisi, SciNeGHE 2009



CRs and molecular clouds in the outer Galaxy
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Toward a large-scale model ...

_ —— pion decay
e putting together what we have learnt —— Bremsstrahlung
: : — IC
« still ongoing work! — total diffuse
sources (total+sources)
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Beyond the Milky Way
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The local group of Galaxies

Leall : | LMC:

669 ki
Ursa Minor Dwarf

210kly
NGEC 6822 l :
1,600kly

The Local Group

THE MILKY WAY and Andromeda galaxies rule

the Local Group, accounting for more than half el :

: : . A A \ | Andromeda Galaxy [M31]
its mass. Distances from our galaxy are giveniin | zesokly :
thousands of light-years (kiy] B

* seen by face (27°)
50 kpc far away

e star formation

3 4
30 Dora“’du‘s_- 4
EGRET: :
e detection of LMC

« non detection of SMC (for CRs at Earth
expected flux 2.4 10" cm™ s™)

= evidence that CR are Galactic, not _
universal " SAGE - LMC
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Fermi view of LMC
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e 212 days of survey data

 first extragalactic object
ever resolved in high-
energy gamma rays

« 30 Doradus + interaction
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Galactic longitude (deg) of CRs with gas
counts dei"2 S
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adaptively smoothed 100 MeV - 10 GeV counts map
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Hunting isotropic emission

Galactic diffuse emission
/

Inverse Compton T°-decay
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Fermi EGB
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Stay tuned!
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Concluding remarks

Fermi

Gamma-ray Space Telescope

 local emission explicable in
terms of CRs at Earth

« improved constraints for CRs
and ISM on Galactic scale

e CRs in external Galaxies!

The Symposium is being held at the

» new determination of EGB

in Washington DC

e other studies (Orion clouds,
outer Galaxy in the 3™
guadrant)

ye - 9 « more coming soon ...

P, Caraveo (INAF-IASF,

Alex M 4 N Genrels (GSFC)
e “'f';“ il ‘mﬁ'm L ) Greiner (MPE)
Viasios Vasileiou (UMBC/GSFC) -~ R Pocaice All, Gaclay)
Michael Wolff (NRL)
Lucy Zhou (Stanford)
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