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The sky in Y rays

> | GeV
Fermi LAT
2008-2013

NASA/DoE/Fermi-LAT collaboration
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Diffuse y-ray emission

exotic Physics?
dark matter?

unresolved
sources

interstellar emission

diffuse emission (no individual sources)
= interstellar + unresolved sources + exotic processes(?)
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Galactic interstellar y-ray emission
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Ingredients

HI: atomic gas

-
-
» |I.
.

® CR and target distribution in the
Milky Way

- gas: Doppler shift of lines

CO: dense molecular gas

® interaction models

- uncertainties 5-15% for
hadronic interactions dust (also = total gas)

NASA/LAMBDA
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Recipe |: CR propagation codes
simplified but realistic model of the Galaxy

aims at reproducing all related observables at the same
time

GALPRORP (Strong, Moskalenko et al.), DRAGON,
Picard ...

propagation volume
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Recipe 2: templates

“8 = PSF ® exposure x [ q(H 1)1 x |
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. atomic hydrogen
ring |
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“molecular hydrogen
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Galactic interstellar y-ray emission
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV

A bit of history

MILAGRO
2001-2008

2004-running *
(since 2013 HESS 1) CTA
20162-?
COS-B \‘
1972-1973 1975-1982 % 4
. Fermi LAT
2008-running
CGRO
EGRET
- ?
COMPTEL .
INTEGRAL/SPI
2002-running
>
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV

20t century

A .
* correlation between Y-ray
emission and ISM tracers —
interstellar emission
* large-scale properties of CRs and
gas in the Milky Way HESS
2004-running
(since 2013 HESS Il)
SAS-2 COS-B
1972-1973 |975-1982
<
Fermi LAT
2008-running
O50-3 CGRO
1967-1968 1992-1999
EGRET
COMPTEL ?
INTEGRAL/SP!
2002-running
>
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MILAGRO

100 TeV A

interstellar gas

ITev | [® spectrum harder than
GALPRORP predictions in
100GV | 1Cygnus (65° < | < 85°)

e diffuse emission at > TeV
o0tev | |(somewhat) correlated with

HAWC
2014-?

MILAGRO
2001-2008

10 GeV SAS-2 COS-B
1972-1973 1975-1982
| GeV
100 MeV |
CGRO
1967-1968 19921999
|0 MeV EGRET
+
COMPTEL
| MeV
Galactic Longitude (deg)
Abdo+ 2007 Ap] 658 L33
100 KeV
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Abdo+ 2008 Ap) 688 1078 —
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV

A

HESS

* diffuse emission > 100 GeV
from Galactic ridge and around
massive-star clusters 008

* spectrum harder than from
local CRs

2004-running
Galactic ridge (since 2013 HESS II)

G 0.9+0.1

1967
3EG J1746-2851

L )
3EG J1744-3011

contours = CS emission

HESS collaboration 2006 Nature 439 695

HESS collaboration 201 | A&A 525 A46
HESS collaboration 2012 A&A 537 Al 14
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV

INTEGRAL

Bouchet+ 2008 Ap] 679 1315 & detected sources
AT . Porter+ 2008 Ap) 682 400 — c.Ilffuse emission (measured)
interstellar continuum . Bouchet+ 2011 Ap| 739 29 — lines
. . 10 E T T T > == pOsitron emission
emission > |00 keV, ~ = [II<30 , bl é 15 == unresolved sources
. > - — residual diffuse emission
IIkEI)’ |C g 10_2 = |IC model
o AN traced by NIR emission
Qo N = = 1C model+NIR+
w 10 E U\ __ unresolved sources +
I(E) - \\ positrons + IC + NIR
® 107 E —+ =
L~ S =% =
O = =t = =
SAS-2 cos-B O 5[ S 4 | 7
1972-1973 1975-19¢ & 10 " E | ‘i | =
< f T3 i
0 3o Al
L - ]
OSO-3 10—7 l l L1 1 1 1 | l l l L1 1 1 1 | l
1967-1968 <. 100 1000
ENERGY(keV)
COMPTEL + .
INTEGRAL/SPI
2002-running
>
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV

Fermi LAT

A . .
* overall agreement with CR propagation models
* precision measurements of CR and interstellar A
gas properties
* new features
HESS = b
2004-running *
(since 2013 HESS 1) T
SAS-2 COS-B @
1972-1973 1975-1982 &
& ® &< Fermi LAT
N 2008-running l
0S0-3 CCRO
1967-1968 19921999
EGRET
COMPTEL ?
INTEGRAL/SPI
2002-running
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Fermi LAT

00Tev 4| e overall agreement with CR propagation models

oy || Precision measurements of CR and interstellar
€
gas properties
v | |® new features
' o' | ' ' | o' ' | ' ' | ' ' | ' ' HESS =
4 90° <=1<=270 2 04-running
100 GeV 1077 F 200 MeV — 1600 MeV = -~ 1 2013 HESSII)
L SYZ10R30T15092 | :
10 GeV — a ‘
| . \
g i w
| GeV (_Lm i
o L T B N, 1 FermiLaT
‘ o et — /.[ ............. _:_‘l_ ....... ;\——--w:_.—_,—\:: 2008-running
100 MeV L O~ £ N
| » :j ____________ 7 \'\\.\‘ _______________ - \_§ « « ¢« data
10 MeV 10 i X : model - total
! ! { ---- interstellar emission - total 7
g e L - - - -atomic gas .
| MeV 2 015} - molecular gas
— ‘!!ﬂ ;III
'§ 0.00 e Sl adat
100 KeV p E ; 019 An| 750 3
S § —0.15 |- Ackermann+ 2012 ApJ 7503 >
= —90 —60 —30 0 30 60 9

Galactic latitude [deg]
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Fermi LAT

A . .
100Tev T |® overall agreement with CR propagation models
0wy | |® Precision measurements of CR and interstellar A
e °
gas propertles
v | |® new features
HESS
|OO GeV - black points: statistical+systematic uncertainties
% color points: statistical uncertainties only
= VoA Lo
10 GeV : e T i
® ‘+-¢_ v ’ _+’:"+- ¢
: + T
| GeV % 102 -z— ¢ ._i_:ﬁ
‘ a ++ ; ++ 4 * local (< 2 kpc) H
100 MeV s i Tibaldo+FermilLAT collaboration | +.+. emissivity = Y rate
. | ICRC 2013 | ﬁ'_+_ per H atom
10 MeV 3 http://dx.doi.org/10.1007/s13538-014-0221-y .
E 4 4 Casandjian (2013), PRELIMINARY 4 4 Chameleon —+— ¢ ConStraIn Iocal CR
> 4+ 4 mid-latitude third quadrant 4 4 R Coronae Australis .
g 4 4 second quadrant > © Cepheus WIthOUt SOlaI"
| MeV E o 4 4 third quadrant ¢ 4 Orion .
,, 10 Cygnus 1 modulation
10° 10’ 10
100 KeV L_ E (MeV) >
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV L

Fermi LAT

* overall agreement with CR propagation models
* precision measurements of CR and interstellar
gas properties
* new features

|4~ 4 Fermi - individual regions
Fermi - GALPROP modeling
Bolatto et al. (2013)
-~ 5| =— strong et al. (2004)
= Nakanishi & Sofue (2006)
wv
&
V4
X 2 |—*— -
o~ ’——ﬁ— I *
£
(&)
] 1 *’
o
E t
% 0.5
Tibaldo+Fermi/LAT collaboration XCO
ICRC 2013
http://dx.doi.org/10.1007/s13538-014-0221 -y
0'20 2 4 6 8 10 12 14

Galactocentric radius (kpc)
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV

A

Fermi LAT

* overall agreement with CR propagation models
* precision measurements of CR and interstellar
gas properties
* new features
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100 TeV

10 TeV

| TeV

100 GeV

10 GeV

| GeV

100 MeV

|0 MeV

| MeV

100 KeV

Fermi LAT

A . .
* overall agreement with CR propagation models
* precision measurements of CR and interstellar A
gas properties
* new features
~35 HESS = o
) 2004-running *
Al e Fermi LAT | (since 2013 HESS Il) T
o~ v 44
S sl ¥ + +_+__+_ |
L P e + @B
cl\,m _5;/ \\\ 8 ” :
= "~ expected from MILAGRO < W
e *« Jocal nuclei T
g """" \ Fermi LAT ‘
E 6. i 2008-running
H_E- BB i . . .« e
L I e * excess hard diffuse emission
W 7k :
g from Cygnus X
e "I ® morphology matches
% 9 10 1 12 13 interstellar structures
log(E) (eV) .
Ackermann+ 201 | Science 334 1103 * freshly-accelerated particles
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vs. large-scale CR population
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The quest for a universal CR propagation
mode]

® reproduce all observables

® challenges

® complex phenomena, e.g. gradient problem outer Galaxy — non-
uniform diffusion/coupling CR interstellar plasma ???

® |ocal features

3.0
z=1 kpc
-~ z=2 kpc
L 2.5} z=4 kpc
) —  2=10 kpc
5 2.0}
8 { / —
< _
< 1.5
s
N [
> 1O Fermi LAT:
é local and outer Galaxy
£ 0.5 Abdo+ 2010 ApJ 710,133
N — | Ackermann+ 2011 ApJ 726 8l
| Ackermann+2012 A&A 538 A7
— 2 4 6 8 10 12 14 16

Galactocentric radius (kpc)
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Understanding VHE diffuse emission

Ferml LAT > 10 GeV A
Ackermann+ 201 | 1

Science 334 1103

10 -

counts/bin

reconciling atmospheric
Cherenkov with space-
based and shower

Galactic Latitude [Deg

(&)

Gal. latitude (deg)
o

detectors
-5—
next |10 years: Fermi + CTA - :
+ HAWC (North only) -10 e o i
0 oy
-15 | | | g
source confusion 85 80 75 :

Gal Iongltude (deg)

/.10

locally-accelerated particles
vs large-scale CR
population

Galactic Latitude (deg)
Significance

Galagtc Longitu de {deg)
Galactic interstellar Y-ray emission
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"ARGOYBJ >TeV

Galactic Longitude [Deg]

MGRO J2031+41

- -
..
.

Cygnus Cocoon

T D| Glrolamo @ SC|NeGHE 20I4
| | | | | | | ‘ | | 7_4

) 6

82 80 78 74

Galactic longitude (deg)

84 76

broad-band VHE Cygnus
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Diffuse emission

several claims of “excesses”

origin:

® dark matter

® unresolved sources

® |ocal CR populations

limitations of interstellar emission
models toward GC:

® pile up along line of sight
® |ack of kinematic separation

® uncertainties in radiation fields

® particle acceleration/transport in

turbulent regions

L.Tibaldo
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