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Since Fermi's Launch the diffuse emission studies have evolved......
| trace here the stages.

First Fermi results on diffuse Galactic emission: announced earlier this year.
Intermediate Galactic latitudes 10° < |b| < 20°

Motivation: the gamma rays come from a 'local' region: within 1 kpc

-> cosmic rays should be similar to those observed directly near the Sun

-> model should be reliable, should agree with observed gamma rays

This was not the case for EGRET -

found the notorious ' GeV excess ' relative to the expected emission



NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky
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NASA'’s Fermi telescope reveals best-ever view of the gamma-ray sky
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The EGRET GeV excess disappeared !
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The two experiments have different instrumental backgrounds,
S0 this comparison is not exact, but the difference is not mainly attributable to this.

Abdo et al. (2009) PRL 103, 251101



The EGRET GeV excess disappeared !
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so back to the drawing-board for a lot of models based on it !



Modelling the gamma-ray sky

main ingredients of GALPROP 'a priori* model

cosmic-ray spectra p , He , e-, e+ (including secondaries)
(NB here using Fermi-measured electrons)
cosmic-ray source distribution follows SNR/pulsars

B/C etc for propagation parameters
halo height = 4 kpc (from radioactive nuclel)

Interstellar radiation field
HI, CO surveys

CO-to-H2 conversion a function of position in Galaxy
Fermi 1% year source catalogue

Uses GALPRORP latest version



Fermi-LAT electron spectrum
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First use a model based on locally-measured cosmic rays

PROTONS ELECTRONS
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a priori model with Fermi electron spectrum

INNER GALAXY
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a priori model with Fermi electron spectrum

LONGITUDE PROFILE LATITUDE PROFILE
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not bad for an a priori model prediction

this means either more CR electrons and/or protons

model fitting guides us to a better model.

electrons increased by factor ~2
protons increased by ~15%



Improving the model with increased CR

PROTONS ELECTRONS
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model adjusted to Fermi
INNER GALAXY
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Model adjusted to Fermi

400 MeV
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intensity, cm? sr' s

Model adjusted to Fermi

1.3 GeV
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Model adjusted to Fermi
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EARLY CONCLUSIONS
Fermi does not confirm EGRET GeV excess
a priori model: agrees with Fermi at intermediate latitudes
has correct spectral shape but is rather low in the inner Galaxy

generally reasonable fit with simple scaling of CR protons, electrons
over the sky and wide energy range

increased protons consistent with local CR data
Increased electrons inconsistent with local CR data (including Fermi-measured)

increased inverse Compton : more electrons OR more ISRF or ..... ?

inverse Compton component at high latitudes : CR halo !



LATEST DIFFUSE EMISSION RESULTS FROM FERMI-LAT

FROM 2009 Fermi Symposium, Washington, 2-5 Nov 2009

New:
1 year of data
low background event class (developed for extragalactic background study)
Finer fitting to Fermi data: proton, electron spectra scaling by factor 1 — 2

Improved gas tracer: dust emission



INTERMEDIATE LATITUDES
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INTERMEDIATE LATITUDES
+10 < b < +20
1 GeV
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Remarkable agreement. Confirms that dust is a better tracer of local gas than HI+CO
(Grenier, Casandjian: found this in EGRET data)



HI, CO tracer of gas dust tracer of gas
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Inner Galaxy
330°< 1< 30° |b|<5°
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Inner Galaxy
330°< 1< 30° |b|<5°
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LONGITUDE PROFILE LOW LATITUDES LATITUDE PROFILE ALL LONGITUDES
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EVIDENCE FOR LARGE COSMIC-RAY HALO

4 kpc halo height 10 kpc halo height
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inverse Compton at high latitudes suggests a large cosmic-ray halo
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Gamma-ray distribution in outer Galaxy

Gamma-ray emissivity falls off slower than expected for SNR source origin
Large halo will flatten it .... more evidence for large halo
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Gamma-ray distribution in outer Galaxy

3" Quadrant

varying the halo size varying the source distribution
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BONUS:
Large cosmic-ray halo also reduces the need to increase
electron spectrum over Fermi-LAT measurements, to give gamma rays
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BONUS:
Large cosmic-ray halo also reduces the need to increase
electron spectrum over Fermi-LAT measurements, to give gamma rays
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a modified cosmic-ray source distribution
which fits Fermi data without a large halo

but what would be the outer-Galaxy sources ?
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Fermi measures molecular gas content of the outer Galaxy
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Large Scale Diffuse Emission: FACIT

The diffuse emission model reproduces the data remarkably well with a small
amount of adjustment to the Fermi data.

The remaining residuals have many possible origins:
this is where the action and interest is focussed.



Diffuse Galactic emission and external galaxies: studies with Fermi-LAT

Large-scale Galactic emission
Local HI emissivity

Outer Galaxy

Orion Molecular Clouds
Loop |

Large Magellanic Cloud
Starbursts

Galactic Centre

Extragalactic Background

Source populations contribution to diffuse emission

Electrons



Local HI gamma-ray emissivity
Tsufune Mizuno: Abdo et al. ApJ 2009

—

=
B3
(¥

#  Fermi-LAT data
total
nucleon-nucleon
electron bremsstrahlung

—
]
%]
-

—
T
-
v
=
<
e
T
-
n
L]
-
W
=
S
>
=
=
A
L
E
L

E 2 =

10°
Energy (MeV)

Agrees well with pion-decay calculation !



Orion Molecular Clouds as seen by Fermi-LAT >100 MeV
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Extragalactic (or at least 'iIsotropic’) gamma-ray background
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Extragalactic diffuse background
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Source contribution from luminous (pulsars etc) sources
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Due to Fermi sensitivity,
unresolved source flux will finally be at percent level
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Source contribution from possible low-luminosity sources

galdef ID 54_z04G5nepS

Many more dim sources can hid

Just limits can be set on
their contribution.
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Galactic Centre Region

>300 MeV, Ibl < 1.5 deg
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Spectral Residuals

Galactic Centre Region

*The all-sky Galactic diffuse emission model released
by the LAT team (1 curve) somewhat under-
predicts the sky intensity in the GC region
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Large Magellanic Cloud

LMC emissivity map

Average emissivity spectrum

E qy (MeV sTsr! H-atom'1)

bl

Declination (J2000)

Energy (MeV)

Spectrum consistent with expectations

06'00" 050" 05'20" 05'00" 040" (using local galactic p, e, e* spectral shapes)
F"giht ﬁﬁi?;‘;;i?;,ﬁ2°°°’ - Average cosmic-ray density about
0 15 20 5 0.2-0.3 times that in solar vicinity

(consistent with difference between

_ _ _ e galactic and LMC SN rate)
Considerable cosmic-ray density variations

Small GeV proton diffusion length Jurgen Knodlseder, 2009 Fermi Symposium

Fermi Symposium @ Washington DC (2009/11/2-5)



Starburst Galaxies

eg.)

Fermi LAT (>200 MeV) Fermi LAT (>200 MeV)
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Starburst Galaxies

Observed integral fluxes consistent with models of diffuse galactic gamma-ray emission

, but data do not yet tightly constrain spectral shapes

NGC253
Paglione et al. 1996

Blom et al. 1999
Domingo, Torres 2005

Persic et al. 2008
————— Rephaeli et al. 2009

de Cea et al. 2009
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Interstellar radiation over 20 decades of energy
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Outlook

Fermi operational , results coming out fast
The fine data challenges the models.

Essential to exploit synergy between
cosmic-rays - gammas — microwave - radio
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ADDITIONAL MATERIAL TO BE USED AS REQUIRED
IN THE WORKSHOP



Modelling diffuse Galacticy - rays:

Conventional model: proton, electron spectra as measured
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GALPROP application : models for Fermi electrons
(from John Bregeon's talk)
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Gamma-rays, inner Galaxy

Inverse Compton
from primary electrons, secondary electrons, positrons

galdef ID 63 _6102029RG
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Bouchet et al power-law continuum

Porter, Moskalenko, Strong, Orlando, Bouchet ApJ 682, 400



and towards the highest energies...
Diffuse Galactic Emission
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Electron spectrum
Extended down to 7 GeV (from 20 GeV)

" A Kobayashi (1999) g ATIC—1,2 (2008)
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2009 Fermi Symposium: Melissa Pesce-Rollins, arXiv:0912.3611



Electron spectrum extended down to 7 GeV
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Igor Moskalenko  (Stanford) :
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Gulli Johannesson (Stanford):

Elena Orlando (MPE) .

Seth Digel (Stanford):

Andy Strong (MPE)
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