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Figure 1. All-sky Fermi-LAT 1.6 year maps in four energy bins. Point sources have been subtracted, and large sources, including the inner disk (=2° < b <
22, —60° < £ < 607), have been masked.



« B6nunan gucka Nanaktukn ramma-msnyyeHue (~1 'aB) B ocHOBHOM
reHepupyeTcs npu pacnage n°, KoTopble 06pa3yrTcsa Npu
B3anmogeuncteme KJ1 ¢ mexs3Be3aHbiM BELLECTBOM.

 CTONKHOBEHMS AJIEKTPOHOB KJ1 ¢ Mmex3Be3aHbIM BELLECTBOM AatoT
TOPMO3HOE N3Jy4eHune.

« HyxHO Bbl4eCTb BKNag ancka.
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Figure 2, All-sky residual maps after subtracting the Fermi diffuse Galactic model from the LAT 1.6 year maps in four energy bins (see Section 3.1.1). Two bubble
structures extending to b + 50° appear above and below the GC, symmetric about the Galactic plane.
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Figure 4. Full sky residual maps after subtracting the SFD dust and disk templates from the Fermi-LAT 1.6 year gamma-ray maps in two energy bins. Point sources arn
subtracted, and large sources. including the inner disk (—2° < b < 2°, —60° < £ < 60°), have been masked. Two large bubbles are seen (spanning —50° < b < 50°
in both cases. Right panels: Apparent Fermi bubble features marked in color lines, overplotted on the maps displayed in the left panels. Green dashed circles abovi
and below the Galactic plane indicate the approximate edges of the north and south Fermi bubbles respectively. Two blue dashed arcs mark the inner (dimmer) ang
outer (brighter) edges of the northern arc—a feature in the northern sky outside the north bubble. The red dotted line approximately marks the edge of Loop L Th
purple dot-dashed line indicates a tentatively identified “donut” structure.

(A color version of this figure is available in the online journal.)
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Figure 18. Comparison of the Fermi bubbles with features in other maps. Top left: point-source subtracted 1-5 GeV Fermi-LAT 1.6 yr map, same as the lower left
panel of Figure 3 with north and south bubble edges marked with green dashed line. and north arc in blue dashed line. The approximate edge of the Loop I feature
is plotted in red dotted line. and the “donut™ in purple dot-dashed line. Top right: the Haslam 408 MHz map overplotted with the same red dotted line as the top left
panel. The red dotted line remarkably traces the edge of the bright Loop I feature in the Haslam soft synchrotron map. Bottom left: the ROSAT 1.5keV X-ray map is
shown together with the same color lines marking the prominent Fermi bubble features. Bottom right: WMAP haze at K-band 23 GHz overplotted with Fermi bubble
edges. The ROSAT X-ray features and the WMAP haze trace the Fermi bubbles well, suggesting a common origin for these features.



[lapameTpbl Ny3bipen

LLInpnHa no gonrote ~40 rpag
[TpoTsakeHHOCTb no wupote ~50 rpan
CnenoBatenbHO D~15 Knk!

L, ~4x10°" apr/c

Xectkmnn cnektp: dN/AE o E-2



VIHTepnpeTauus

HabnoaoeHns ROSAT B peHTreHOBCKOM Auarna3oHe:
ropsiumn ra3 ~107 K ¢ NOHMXEHHOW NNTIOTHOCTbLIO

3Ha4unT CKOpee BCero He ceBA3aHbl C aApPOHHBbIM UJTN
TOPMO3HbIM MEXaHN3MOM reHepaumm raMmma-m3rny4eHus

Mopdonorua n coenageHue ¢ geimkon WMAP (WMAP
haze) uckno4varoT BO3MOXHOCTb TOro, YTO 3Ha4YnUTESIbHAaA
4YacTb 3TOr0 U3nyvyeHUa cea3aHa c aHHurnnaumen DM

Ckopee Bcero obpaTtHoe KOMMTOHOBCKOE paccedHne Ha
anekTpoHax — gbiMka WMARP 3TO CUHXPOTPOHHOE
N3ny4yeHme 3TUX arIeKTPOHOB



Planck observations of the Galactic haze

* Ha bonblux BoicoTax (>5 Knk) 6bICTpo cnagaet
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Fig. 9. Left: southern Planck 30 GHz haze from Fig. 6. Right: the same but with contours of the Fermi gamma-ray haze/bubbles (Su et al. 2010)
overlaid in white. Above b = —35° (orange dashed line), the morphological correspondence is very strong, suggesting that the two signals are

generated by the same underlying phenomenon.



o JKeCTKum cnektp gy = -2.56 + 0.05 CUHXPOTPOHHOE
n3nyyeHme ot nonynaunm anektTpoHoB KJ1 ¢ xecTkum
cnekTpoMm (B ['anakTuke CrekTp 3Ha4YnUTENbHO MArye: fs = —3.1

n MOXeT ObITb 0becneyeH e KJ1, yckopeHHbIX Ha YB B
SNRS)

« Gamma-ray bubbles + microwave haze -> HoBas
KOMMOHEHTAa Hawen [ anakTuku



MCTOYHKK Ny3blpen — ranakTu4yeckneun LeHTp

HenaBHsAs akTuBHOCTL [LU:
* AKKpeuus Ha LeHTpanbHyto BH
(MHOXXECTBEHHbIE OEXTbI?)
 Benblwka 38e300006pa3oBaHUs Giladied?|
EN S

Galactic wind?

B A4pe B nocneaHne ~10 MnH.
Net
(no4emy HeT H_?)

WMAP haze
B field

Galactic disk

Figure 27. Schematic illustration to summarize the observations of the Fermi bubble structures. Two blue bubbles symmetric to the Galactic disk indicate the geometry
of the gamma-ray bubbles observed by the Fermi-LAT. Morphologically, we see corresponding features in ROSAT soft X-ray maps, shown as green arcs embracing
the bubbles. The WMAP haze shares the same edges as the Fermi bubbles (the pink egg inside the blue bubbles) with smaller extension in latitude. These related
structures may have the same physical origin: past AGN activities or a nuclear starburst in the GC (the yellow star).

(A color version of this figure is available in the online journal.)
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Figure 13

SJUDAD SS30X]

SJUBAD SSa0X]

Selected unidentified y-ray sources as seen by HESS. The Galactic plane is shown as a white dashed line. The smoothed PSF is
indicated by a green circle at the bottom left of each image. See Aharonian et al. (2008d) for details.



ICTOYHUKN NPOTSAXKEHHbIE (CaMbIn MPOTAXKEHHbIN
nctouHnk HESS J1745-303 0.3x0.5 deq)

MHorve He HabngalTCa B PEHTIEHOBCKOM N paano
ananasoHax (HESS J1745-303: XMM-Newton n Suzaku
— HUYEero He HangeHo)

IlenToHHbIM MexaHn3Mm TpebyeT o4yeHb HNU3Koro MrT
(4TOOBLI ObIN cnNabblil CUHXPOTPOH)

aApPOHHbIN MEXAHU3M — OOSMKHbI ObITb BTOPUYHLIE €%, e
0o ~I'aB, - rae CUHXPOTPOH?

[TlocnenHue pesynbTtarthl: B3anmogencteme SNR ¢
MOSEKYNAPHbLIMM 0bnakamm



CTA = Cherenkov telescope array (20187?)

South array: 10 3B — 100 TaB — HabntogeHus ['anakTnydeckmx
NCTOYHWUKOB, LieHTpa [[anakTuku, BHeranakTm4eckmux UCTOYHMKOB

North array: 10 'aB — 1 TaB — HabnogeHus BHeranakTuyeckmx
NCTOYHMKOB

Fig. 1. The basic CTA concept. Artist's view of the central part of a possible array configuration. Four LSTs, ~30 MSTs, and ~50 SSTs, at larger distances, scattered over several
square kilometres.

LST (<100 3B): D=24 m, MST (0.1-10 TaB): D=12 m, LST (>10 TaB): D=6 m



« Hamnbwusa, Yunu ApreHTtumHa (tor) KaHapsbl, Tnoer,
Apun3soHa (cesep)

 Lunpe aH. gnanasoH, ny4iuas YyBCTBUTENTbHOCTb U
YrroBoe paspelleHne
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3agayum CTA

« Understanding the origin of cosmic rays
and their role in the Universe

« Understanding the nature and variety of
particle acceleration around black holes

« Searching for the ultimate nature of matter
and physics beyond the Standard Model



[loceLwweHune

1 2 3 4 ) 6 7 8 9 10 11 12 13 Hroro

12.02 |1 19.02 | 26.02 | 05.03 | 19.03 | 26.03 | 02.04 | 16.04 | 23.04 | 30.04 | 07.05 | 14.05 | 28.05
Abpamos Unbs + + + + + + + + + + + + + 26
HadranueBuu
bepons Hapua - + + + + + + + + + + + + 24
MusopagoBHa
I'ynses Poman +/- + + + + - + + - + - - - 15
['eHHa1bEBUY
Endumona + + - - + + + + + + +/- + - 19
EBrenus
IleTpoBHa
NBanosa lapbs + + + + + + + + + + + + + 26
BaaguvmuposHa
KoBbuioBa + + + + + + + + + + + + + 26
Exarepuna
I'puropreBHa
Hypxos [lennc + + + + + + + + + + + + + 26

AnnpeeBud




3agaudn

1 2 3 4 Hroro
AGpamoB Unbs 0 0 0 0 0
HadranmmeBnu
bepons [lapua 14 15 2 2 33
MuopagoBHa
I'ynseB Poman 0 0 0 0 0
I'eHHabEBUY
Endumona 0 3) 7 12 24
EBrenust
IleTpoBHa
WBanosa [lapps | 15 7 2 0? 24
BnagumupoBHa
Kosbu1oBa 13 8 1 15 37
Exarepuna
I'puropreBHa
[TypxoB [lenuc 14 5 5 8 32
AnnpeeBuy




JK3aMeH (KpaCHbIM OTMEeYEHb!

OKOH4YaTeNbHblEe Yncna)

INekyus (14) 13 — 2 6anna (Makcnmym 28 26
b6annos)

[domawHee 3agaHue (5) 4 — 15 6annoB (MakCUMym
75 60 b6annos)

CopepxaHue aKk3amMmeHa B 3aBUCUMOCTU OT
KofimyectBa HabpaHHbIx 6annoB (-(15+2)=-17):

>= 75 58 6annos - BONPOCHI N0 peLeHHon 3agaye
>= 60 43, Ho < 75 58 - ognH BONpPOC

>= 45 28, Ho < 60 43 - oguH Bonpoc 1 3agada (ecnum
OOMbLUNHCTBO AOMALUHMX 3a4a4 ObIfo peLleHo,
TO pelleHHas 3agava)

< 45 28 - cTaHQapTHbIXM 3K3aMeH: ABa Bonpoca u
3agadva

ITocemenune

3aauu

Utoro

AbpamoB Unbs
HadranueBuu

26

26

bepons Jlapua
MujiopagoBHa

24

33

57

I'ynsaeB Poman
I'erHanbeBUY

15

15

Endumona
EBrenus
IlerpoBHa

19

24

43

HBanoga Jlapes
BrnagumupoBHa

26

24

50

KoBsinoBa
Exarepuna
I'puropreBHa

26

37

63

Hypxos Jlenuc
AngpeeBuy

26

32

58




