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SAS2 & COSB Spectrum
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Fig. 4. Local differential production spectra for major diffuse
production processes and the pulsar component as discussed in the text
(left hand scale). The right hand scale and data points are from the
COS-B and SAS-2 data in the longitude range around the galactic center
and are shown in comparison to the predicted shape of the total

spectrum,




EGRET Intensity Map
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Point sources = Observethtensity d Diffuse model

EGRET .
observed -
intensity "

Intensity -~
- model

H
ofi

3
E |
= ' N AYEd ¢ 4
—a "y W4T L < e 2 ¥
— 1.0 i Al QY -2l A "
3
N i

Depends
on

diffuse
model!




4 N

Mattox et al., ApJ461, 396 (1996)

Likelihood analysis

Likelihopd Analysis Profie

Maximize L to get best fit: e 100 99395, Gt B1VEE 0T Coon 070D
‘?’, o E:::im ::E :'j:f;’::;f,:‘flj:éuetg):)ﬁ‘/cour?.s.-p?340 gD02.fits
The likelihood is the probability of the observed EGRET I Dotted fine, isotropic; fu;é;;'um,_,'cmc- s0lid line, PSF
data fOl' a SpeCiﬁC mOdel Of high-energy '}"ray emiSSion' It is ;O ?’?lr:ﬂc\);ejallag’i:;:r;:ele? r?:n'::;:v It AL 166,71, 38.21 are 51, entss
the product of the probability for each pixel: a
L=I'—[pijt (3) ‘E‘n |
’ : '8
where E il ]\ J[
Biye” B 2RI
Pu=_‘£__ (4) 5 :’ l H il l f
n;! z I1] F il
is the Poisson probability of observing n;; counts in pixel ij ge L ”T ” ‘ ]‘ ‘lH’ } |
when the number of counts predicted by the model is 0;;. ? [ » ' ] st | R )| LI 1
The logarithm of the likelihood is more conveniently calcu- 3 ’L { ? } - f {: TT‘-L} ;
lated Jamyt o Tk
10 20 30 40O 50 60 70
InL= Z R In (OU) _ %‘: OU o E In (nlj!) ' ) Declination (J2000; decrees)
ij
Because the last term is model independent, it is not useful
f:;tets:ri::ation or for the likelihood ratio test. Neglecting the Model = /(1 3 (d iffuse mode |)
L= nyln@) Y 0;. (©) + K, 3 (Isotropic)
i i

+S /3 (PSF)

Adjust K&K, and seek for best fit
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Diffuse Emission Model

- Three main components:
U Bremsstrahlung:  electron + matter - g+ X
i Inverse Compton: electron + photons - g+ X

t Nuclear interaction: proton(nuclei) + matter Y p°- 2g

Matter = HI + HIl + H,
Photon = 2.7K BB + FIR + NIR + Optical + UV
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Two approaches
. GALDIF (Hunter et al.)

EGRET GLAST Diftuse Emission Model

*Inputs to model:

—Gamma-ray production processes in the ISM
* Pion production, Bremsstrahlung, inverse Compton scattering
—Tracers of the ISM (matter and radiation)
+ Galactic rotation curve - 3-D ISM distribution

* Hi(21 cm), H, (115 GHz CO). Hu (pulsar dispersion),
low-energy photon density

—Physical parameters:

* N(HI)'Wy; conversion factor, CR spectrum, /p ratio,
inferaction cross-sections, Galactic rotation curve, efc.

—Model assumptions: More on dynamic balance ...
» Assume the CRs are in dynamic balance with ISM

» There are only two adjustableparameters in this calculation!
—Molecular mass ratio, X=N(H,)/W,, CR couplingscale

 Discrepancies between model and observation are directly
interpretable in terms of model inputs and parameters.

More on the ISM ...

Tl 23,2004

. GALPROP (Strong et al.)

Transport Equation

dy(r.p.1)
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Bertsch et al. ApJ416, 587 (1993) A

Galactic MatterDistribution (GALDIF)

HI : 21cm surveys

Weaver & Williams (1973)

Maryland-Parkes (1986)

Leiden-Green Bank (1985)

, H,:N(H,) =XWq

CO: Columbia CO survey at 2.6mm (1987)
HIl : Taylor & Cordes (1993)

(pulsar dispersion / interstellar scattering measure)
Interstellar radiation field : 2.7K BB + FIR + NIR + Optical + UV
Local Electron spectrum : Skibo (1993) [E-%4? injection]
Local Proton spectrum : Stecker (1970) [E->]
Cosmic-ray enhancement factor §~ N(HI)+N(H,)+N(HII)

Gaussian along the Galactic axis (scaling parameter r)

Only two parameters in this model :
X =(1.5°0.2)x10%° H-mol cm?(K km s1)1
r, = (2.0°0.5) kpc




Hunter et al. ApJ481, 205 (1997)\

Cosmicray Enhancementactor (GALDIF)
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Fig. 9—a) The cosmic-ray enhancement factor ofp, [) derived by con-
volving the sum of the H 1, H,, and H u surface densities from Fig. 8 with a
Gaussian with FWHM equal to the best-fit value of ¥, = 1.76 kpc (see § 5).
The enhancement factor is normalized to unity at the position of the Sun,
indicated by the cross. (b) The azimuthal average of the cosmic-ray
enhancement factor for each Galactocentric quadrant indicated in (a). The
azimuthally symmetric gamma-ray emissivity, which is proportional to the
cosmic-ray enhancement factor, determined by Strong et al. (1988, 150-300
MeV, their case 3, scaled to R = 8.5 kpc, and normalized to unity in the
8-10 kpe ring) is indicated by the dotted line.
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Hunter et al. ApJ481, 205 (1997)\

GALDIF: Longitudindtrofile
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Hunter et al. ApJ481, 205 (1997)\

GALDIF: Latitud®rofile
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EGRET spectrum

Hunter et al. ApJ481, 205 (1997)

Fig. 4—Average diffuse gamma-ray spectrum of the inner Galaxy
region, 300° <[ < 60°, |b| = 107(0.73 sr). The contributions from point
sources detected with more than 5 o significance have been removed. The
data are plotted as crosses where the horizontal line indicates the width of
the energy interval and the vertical line the +1 ¢ statistical error. The
intensity and error for the four lowest energy intervals include corrections
to the EGRET eflective area derived using observations of the Crab pulsar
(Thompson et al. 1993b). The best-fit model calculation (see § 5) plus the
isotropic diffuse emission is shown as the solid line. The individual com-
ponents of this calculation, nucleon-nucleon (NN), electron bremsstrah-
lung (EB), and inverse Compton (IC), are shown as dashed lines. The
isotropic diffuse emission (1D, Sreekumar et al. 1997) is shown as a dash-
dotted line.

[phem™” s s’ MeV™']

10°*

10"+

10"

IIIIIII| 1 IIIIIIII ‘I'Illl\l-l

100

1000
Energy [MeV]

10000

/




(a) Total Diffuse Emission
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a Hunter et al. ApJ481, 205 (1997)\

Observation by EGRET

u |b|¢10 , 38 point sources (>5s) removed
U 30MeV - 50GeV with excellent statistics (cf. COS B)
U General agreement with model predictions in spatial profile

r 40-60% excess against model predictions above 1 GeV

Y Possible solutions:

M Instrumental calibration error?
M Unresolved sources?

1 Nuclear interaction model?

{ Cosmic-ray spectrum?

(- y
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Interstellar radiation field (GALPROP)

Interstellar Radiation Field
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Gas distribution (GALPROP)

Gas Distribution

nH, atom/cm®

08

Molecular hydrogen H;
is traced using J=1-0
transition of 12CO,
concentrated mostly in
the plane
(z~70 pc, R<10 kpc)

Hydrogen distribution

Atomic hydrogen H I
has a wider

distribution
(z~1 kpe, R~30 kpc)

R, kpc

Tonized hydrogen H II -
small proportion, but
exists even in halo

(z~1 kpc)

meeting/SLAC 2004/09/27-30
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Strong, Moskalenko & Reimer, ApJ 613, 962 (2004)

GALPROP Injection spectrum

ParTICLE INIECTION SPECTRA aND NORMALIZATIONS

ProTon SPECTRUM ELEcTRON SPECTRUM
Break Rigidity MNormalization Break Rigidity Nomnalization
MoDEL D Injection Index® (GV) at 100 Gev® Injection Index® (GV) at 32.6 GeV®
Conventional ......... 44_500180 1.98/2.42 9 50 % 102 1.60/2.54 4 4.86 x 10—
Hard electron........ 44_500181 1.98/2.42 ] 50 %10+ 1.90 1.23 % 10—
Optimized............. 44_3500190 1.50/2.42 10 9.0 x 10—2 1.50/2.42 20 239 1072

Note.—The GALPROP model IDs are given for future reference; the corresponding parameter files contain a complete specification of the models.
* Below/above the break rigidity.

" Normalization of the local spectrum (propagated). Values are in units of m™ sr=' 57! GeV~\.

haiad ! WY X X =T X X a3 | T T T T i | K
PROTONS | 100 2 ELECTRONS -
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S_ 1000 b o ™ . -
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Ll 0.1 b
VvV Sanriku
3 24-500080 ax
T Y. R .= B, 001 Lt
0.1 1 10 100 1000 e ML
ionar 0.1 1 10 100 1000
Kinetic energy, GeV o
Kinetic energy, GeV
Fic. 2.—Proton spectra as calculated in conventional (solid lines) and op- . o
timized (dotted lines) models compared with the data (upper curve, LIS; lower Fic. 3.—Electron spectra for conventional (solid lines), ha!'d electron
~urve, modulated to 650 MV ). Thin dotted line shows the LIS spectrum best (dashed lines), and optimized models (dotted lines), compared with the data
fitted to the data above 20 GeV (Moskalenko et al. 2002). Data: AMS (Alcaraz (upper curve, LIS; lower curve, modulated to 600 MV). Data: AMS (Alcaraz
etal. 2000b), BESS 98 (Sanuki et al. 2000), CAPRICE 94 (Boezio et al. 1999), etal. 2000a), CAPRICE 94 (Boezio etal. 2000), HEAT 94-95 (DuVemois et al.
IMAX 92 (Menn et al. 2000), and LEAP 87 (Seo et al. 1991). 2001), MASS 91 (Grimani et al. 2002), and Sanriku (Kobayashi et al. 1999).
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Strong, Moskalenko & Reimer, ApJ 613, 962 (2004)

GALPROP: Longitude profile
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Strong, Moskalenko & Reimer, ApJ 613, 962 (2004)

GALPROP: Latitude profile
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Strong, Moskalenko & Reimer, ApJ 613, 962 (2004)

EGRET spectrum & optimized GALPRC
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Fic. 13.— ~-ray spectrum of optimized model with (thick lines)
and without (thin lines) primary electrons, to show the contribu-
tion of secondary electrons and positrons. Brioe and Brs labels de-
note the total bremsstrahlung and the separate contribution from
secondary leptons, correspondingly. Similarly, IC¢s¢, ICo indicate
the total IC and the contribution from secondaries.




Flatter Proton Spectrum? -1
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10°
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Flatter Proton Spectrum? -2
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FIGURE 1. The differential diffuse v-ray energy flux vs yray energy above 4.4 Ge¥ (cf.
Berezhko &; Volk, 1888). The heavy symbols are the EGRET measurements, and the dash-dot line
15 the model prediction of Hunter et al. {1887a). The full curve corresponds to our acceleration
model with ygo5 = 2, whereas the dashed curve corresponds to the Leaky Box model. Both

theoretical curves incorporate energy-dependent loss from the acceleration region.




atter Inverse Compton?l

Porter & Prothroe 1997
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Figure 7. Diffuse gamma-ray spectra in the direction | = 07, b = (0. Heavy full curves show
o Pt e ik y V< 60° ind id S B the IC spectrum for an £-*4 injection spectrum of electrons; light full curves show the IC
Average ou - P p <l < K < 2 3% R P o o xp
T s AANSIAE!D SUIA-TnY \P\t:"‘-l e !“'J“f inlaxy (08 OV and 9| )‘m' spectrum for £-27_ For each injection spectrum, the lowest beanch is for a cut-off at 100 TeV,
un injection spectrum of (a) E < and (b) £ <. The individual contributions to the diffuse P . ol oy : - .
the next higher branch a cut-off at | PeV, and the next higher no cut-off in the injection
gamma-ray spectrum are indicated: 1C by the broken curve; bremsstrahlung by the dotted curve; -
e . o % N0 A e spectrum; cach of these curves includes attonuation on the CMBR. The dotted curve shows
synchrotron by the chain curve; m%-decay by the double chain curve, The full curve is the sum X 33 . “
> PG - TR 15 the 1C spectrum for an £~ spectrum with no cut-off and no attenuation on the CMBR. The
of all contributions, Data are from various satellite telescopes; blocked data: EGRET [22], . . Pt .
o ; n chain curve shows the predicted spectrum for x”-decay {including attenuation on the CMBR}
horizontally hatched boxes: COS-B [18], vertically hatched boxes: COMPTEL [12], and data 3 " ¥ 0
T T o cilculated by Ingelman and Thunman [63]: the broken curve shows the predicted x'-decay
points: OSSE [12] (onginal data from [20]) R X : :
spectrum (including attenuation on the CMBR) calculated by Berezinsky er af [62). /




Flatter Inverse Compton?2

Pohl & Esposito 1998

—-60° < | < 60°

&
O
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ahr
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1000
Energy in MeV

100

10000

FiG. 5.—Gamma-ray intensity in the direction of the inner Galaxy. The
data points are taken from Hunter et al. (1997). The error bars include an
estimate for the systematic error of 8%, which accounts for the uncertainty
in the energy-dependent correction of the spark chamber -efficiency
(Esposito et al. 1998). The data are compared with bremsstrahlung (“ebr )
and Inverse Compton (“ic”) spectra from our model, on the basis of
sources with injection indexes following a normal distribution of mean 2.0
and dispersion 0.2 and the spatial distribution of SNRs in spiral arms. The

n’-component is a template and not a model.

Distributed
E-2.0° 0.2




Observed Flux [10™ ph cm? 5™ sr]

Observed Flux [10™ ph cm™s™ sr™']

14 |

™~

Stecker Hunter & Kniffen, Astropart. Phys. 29, 25 (2008)

Energy callbratlon’P

Model Flux [10™ ph em™ s sr']

0.8 1.0

1.2

(a) Plot of integral (E > 1 Ge\), all-sky
diffuse model qux VS. EGRET observed flux

for 335 <|<45

, |b]< 90

applied to the observed flux.

GeVanomaly exists uniformly over the
whole sky and extends from high to low
intensity galactic flux emission.

- Most likely traceable to the detector itself!

Inverse Renormalization Factor

Fig. 2. Required inverse renormalization factor for different energy bins,
given as the matio of observed-to-predicted flux vs. energy.

. (b) A similar
plot with a renormallzatlon factor of (1.6) -1
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Groundbased observations

- CASAMIA Borionet al. 1998)
50<1<200,-5 <b <5:3107eV
mupoor showeks |/ 1c<2.4° 10°

- Tibet Amenomoaet al. 1997)

-5 <b <5, 10TeVexcess couifts
140 < <225 :<23101%cm?sisrt
20 <|< 55 :<4310%cm?sisrt

- EASTOP Aglietteet al. 1996); ReV

mupoor showeks |/ 1c<7.3 10°

- HEGRA (Karle et al. 199580
N/Ch cutK 1/ 1.<7.8° 10°

- MILAGROADbdcet al. 2008); TeV
8.65 excess in Cygnus regidh0XTeVicm?sisrt
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LeBohecet al. 2000

Whipple observation

. 4.8 FOVcamera, Centdrbf=(40,0)

1998: 7 on/off paiesmin. Eachp700GeV
1999: 10 on/off pairs, >500GeV

Sensitivity correction across the field

Gamma-Ray CANDIDATE SELECTION

Parameters Selection Criteria
Maxl (de.) ......... =78
Max2 (de.)......... =56
Width {deg) ........ 00073 = w = 0716
Length (deg) ....... 0°16 < | < 0743
Diistance (deg)...... d < 178

Note—d.c. = digital counts; 1 dec =1
photoelectron,




Whipple results
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HEGRA observations

Pihlhofer et al. 1999

. 4telescope setup, total ~ Lampeitietal. 1999
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. Artificial Neural Net
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Figure |2 (a) Observed regions in Galactic coordinates, The circles indicate the field of v

JOTUI
The diagonal lines mark culmination zenith angles { from left to right) 60°, 45° and 30°, (b) Mean trigger rates. (¢) Zen
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Corrected excess counts
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Aharonian et al., Nature 439, 695 (2006)
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Ohishi et al., Astropart.Phys. 30, 47 (2008)

CANGAROAD results
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Limits from Balloon Experiments

Hunter 2000

)
1

Figure 8. Measure-
ment of the Galactic
diffuse emission > 50
GeV with the
Whipple  telescope
[29] extrapolated to
the EGRET energy
range on the assump-
tion of single power-
law spectral indices . . l . .
of 2.0, 2.2, 2.4, and 02 10 108 0 100 107 108
2.6. The spectral Energy [MeV]

index must be <2.4

to be consistent with the EGRET observations, shown as *1 ¢ data points. The unpomted
balloon results from Nishimura et al. [28] and the JACEE experiment [27], taken at 4 gm/cm

and 5.5 gm/cm? shown as triangles and diamonds, respectively, ﬁr\éd 03nt§at a naf5
BmB The JACEE results corrected for the atmospheric contributionaresh u imits.
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Abdo et al., ApJ 688, 1078 (2008)
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Milagro :

Fic. | —(Gialactic longitude profile ofthe 4-ray emission around 13 TeV in the
Galactic plane as measured by Milagro. Top: Before subtraction of source con- *
tributions (red data points with dashed error bars) and after subtraction of source -
contributions (lack data points). Bottom: Source-subtracted profile overlaid with w Mi
mrediction of the optimized GALPROP model. The red line represents the pion 2 | { | |
contribution, the green line represents the IC contribution, and the blue line rep- -4 .
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Milagro: latitude profile

Abdo et al., ApJ 688, 1078 (2008)

snoﬂz 5X10.12 s)dol‘lz
g 30<|<65 L 65<1<85 s I 85<|<110
E a4 E 4 E4p
o I 8 2 I
; 5 > >
o o o+
= o E3r
w r [T + + w
5 f ° f s |
Zor Z2 ++ + g2r
1 4 1:—_{_ 1 1f
C e /\ C
0— e ™ . - oq-‘ﬂ | pm———_— [ i o o
= | [ l ] I+ -+ o ]_i__+ T [
b - + f
_2;|||||||||||||||||||| .A;I||I|||||I|I||I||I|| _2;||||||||||||||||||||
=10 0 5 10 <10 =5 0 5 10 =1 =5 0 5 10
Galactic Latitude (deg) Galactic Latitude (deg) Galactic Latitude (deg)

™

Fig. 3.—Source-subtracted Galactic latitude profile of the 4-ray emission around 15 TeV in the inner Galaxy (/eff), in the Cygnus region (middle), and in the region
above Cygnus (right) as measured by Milagro ( points with errors) and predicted by the optimized GALPR OP model. The blue curve shows the total y-ray flux, the red

curve shows the pion contribution, and the green curve shows the IC contribution.
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Abdo et al., ApJ 688, 1078 (2008)

Milagro: energy spectrum
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Fig. 2—Gamma-ray spectra of the diffuse emission as predicted by the optimized GALPROP model for the Galactic plane. Left: Inner Galaxy (/€[30°, 65°)). Right:
Cygnus region (/ €[65°,85"]). The red bars represent EGRET data, and the black bar represents the Milagro measurement, where the length of the bar represents the
statistical uncertainty only. The dark blue line represents the total diffuse flux predicted by the optimized GALPROP model, the dark gray line represents the extragalactic
background, and the light blue line represents the bremsstrahlung component. The two contributions at Milagro energies are shown as the red line, the pion contribution,
and the green line, the total IC contribution. The green dashed line shows the dominant IC contribution from scattering of electrons offthe cosmic microwave background,
which amounts to about 60%—70% of the IC component at Milagro energies. Other IC contributions, which are less important, such as infrared and optical, are not shown

l separately.
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3EG catalog

Jean-Marc Casandjianand Isabelle Grenier

Cherenkov2005 poster

Dark gas contribution!
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Unveiling Extensive Clouds of Dark Gas

In the Solar Neighborhood

) 10 Galactic center, 5’ < b < 40°
B aoﬁu
£
E 70 1'9"}“‘% # LM
2 aoE ‘}
£ ’ 1‘
§ ol 1l WWW»; i |
z i LAY
® wop ,WW It} 1%
E i 250
30& ! 1 . A il
-40 -20 0 20 40 \deg
. -20° <1< 20°
Pk
2 10* = q’,\w\m
g E T = log(NH,, ) (atom cm'z)
l:_.' [‘ %wnwoog&nﬂwﬁm& }W
N W
Py v'_’;_.-‘- = ! ! =
0 : Ko 2N 1 : 19 195 20 205 21
10 20 30 40 50 60 F|g 4. Map, in Galactic coordinates centered on [ = 70°, of the column densities of dark gas found

{’vdEQ in the dust halos, as measured from their y-ray intensity with the reddening map. This gas
Fig. 3. Longitude (top) and latitude (bottom) profiles of the observed y-ray intensity in the Aquila- complements that visible in HI and CO. The two dust tracers [E(B-V) and 94-GHz emission] yield

Ophiuchus-Libra region versus the N(HI)*W{CO) gas model (blue) and the N(HI)+W(CO) +E(8-v)  Comsistent values within 30% over most regions.
model (red). The dashed and dotted curves (bottom) outline the IC and extragalactic background
intensities, respectively. Error bars show mean + SD.

@ Isabelle A. Grenier Jean-Marc Casandjian Régis Terrier, Science 307, 1292 (2009
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Casandjian& Grenier, . A.AA 489, 849 (2008)




Black: 3EG
Red: EGR




/ Isabelle A. Grenier Jean-Marc Casandjian Régis Terrier, Science 307, 1292 (2005)\

Two approaches for cosmicay density gradient

3.5/7.5/9.5/11.5/13.5kpc) fit the GeV excess
+ |C intensity map (from
GALPROP) + isotropic

+qdar£VHdar£(l b)“}ld ( ,SO]XE(U)) +q]([[("( )+[HO]XE )
+Zf a1 )P +Zj-.80!lf(‘{’5‘ oY) f!P SH(; J j)

Dark gas : associated with cold and anomalous dust at the transition
Between the atomic and molecular phases (Grenier et al. 2005)

(-

. Ring model - GALPROP model
. Gas columatensities in 6 . Strong et al. 2007
rings (boundary . Optimized CR spectrum to

Nprc’( (,b)= [Z: :mquhNH!(: eb)+Zrmg.s-qCO,iWCO("iJ»b," Npred(‘! b) [q;r"[ﬂﬂ b)H]brcm]brem([ab)+Qdar&NHdark(l»b)
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Isabelle A. Grenier Jean-Marc Casandjian Régis Terrier, Science 307, 1292 (2005)\

Longitudinal profile

8000 Data
3EG
2000 Ring
z i
i
3 ] f‘]ﬁ
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L
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Fig. 1. The top figure is the longitude profile of all photon counts observed by EGRET above 100 MeV at all latitudes (black error bars), compared
with the diffuse counts predicted by the 3EG model (blue curve) and the Ring model (red curve). The bottom figure is the residual expressed in
number of standard deviation, colors are the same as above, we added the Galprop residuals in purple. Counts from bright sources have been added

to the diffuse component. For more visibility the plot are presented with a binning of 4°.
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Map of the residuals




