OcTaTKn CBEPXHOBbIX

Heckonbko M
E ~10° 3pr
PaclimnpsieTca co CBEPX3BYKOBOW CKOPOCTbIO

YaapHble BOMHbl B3aMMOLENCTBYHOT C OKOJS103BE34HOMN U
MeX3Be3aHOW cpeaoun

3amenneHue B Te4eHU OeCATKOB ThICAY NneT

Sun

KaTtanor 'anaktnyecknx octatkoB cBepxHoBbiX ~200 SNRs.
oeHTndunumpyroTca no pagnonsnyyeHuto



SN 1987A
* ,D,Be YAOapHble BOJIHbl — BHELLWHAA U

O6paTHaFI (pa30rpeBaeT ras HST/WFPC2 May 1995 HST/WFPC2 Nov 2000
ocTaTtka) 2

Cragum:

« CBobogHbI pasneT R(t) ~ t.
3akaHuymBaeTca npu «crpebaHnmy
Macchbl, NPMMEPHO paBHOM Macce
pacwupsaoLwencs obonoykn (~100
net, 2 knk) SN 1987A

« ApnabaTtunyeckoe paclumpeHme —
paguaunoHHOE NoTEPU HEe BIUSAIOT
Ha OWHAMWUKY, KUH. QHEpPrus
pacxoayeTcsl Ha Harpes rasa
dpOHTOM cunbHoM YB 1 Ha 1/5
yckopeHue crpebaemoro R(t) ~ 0.31 (Em) | +2/5 11K
MEX3BEe3QHOro rasa. )= n ‘years

T nagaeT, CTAHOBATCHA Ba)XHbIMU
npouecchbl pagnaTMBHOIO
oxnaxgeHua. Ctagus
cHeroouucTtutensa (“snow-plow”)
T<6x10° K. YB crpebaet ras u
nepegaeTt emMy CBOU UMMynbLC
R ~t2/7

Star

New Collision Spots 1 -11

i /E




OcTaTKn CBEPXHOBbIX

NcTouHukm [Manaktnyeckmx kocmmyeckmnx nyden (I'KI):
« ~1050 3pr B 3Hepruun npoToHoB KJ1
» Makc. aHeprusa go 100 MaB (1017 aB)

JTabopaTopun ansa nccnenoBaHns anddy3HOro yCKOPEHUS B CUIbHbIX
yOapHbIX BOJTHAX:

* YcuneHne mMarHMTHOro nons
* MakcumaribHO BO3MOXHbIE QHEPTUN?



[1pouecchbl n3nyyeHuns

CWHXPOTPOHHOE — pagmo U PEHTIEHOBCKUIN JMana3oH

Topmo3Hoe n3ny4deHue Harpetoro YB rasa (T~107K) —
PEHTIEHOBCKMIA Anana3oH; HETEMNIOBOE T. N351. — raMMa-gmanasoH

ObpaTHOEe KOMNTOHOBCKOE paccesiHne (Ha CMB) — ramma-gnanasoH
AOpoHHbIE npouecchl - pacnag n® — ramMma-amanasoH

Fig. 7 Simulated broadband —4
spectrum from SNR undergoing
efficient DSA of electrons and
protons. The solid magenta curve

represents synchrotron emission,
the dotted blue curve is IC
emission, the dashed green curve
corresponds to NTB, and the
long-dashed curve represents the
7Y-day emission
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Bcero okono 25 SNRs 3apermctpnposaHo B raMmma-
ananasoHe

NcTopuyeckmne SNRs:

— Tycho

— Cassiopeia A

Monoable SNRS, aApkue B gnanasoHe TaB:

— RX J1713.7-3946
— Vela Jr.

SNRs, B3anmMmogencTeytoLme ¢ MOneKynapHbIMu
obnakamu:

— W51C, W44, 1C443, W28, W49B, W30(G8.7-0.1), CTB37A, ...

[1poasontounoHmnpoBasLllne SNRS He
B3aMMOOENCTBYIOLLME C MOJIEKYNSAPHBIMU ObNnakamu:
— Cygnus Loop, (Puppis A)



NcTopuyeckne OCH (SNRS)

% Tycho’s SNR % Cassiopeia A
e SN 1572 e SN ~1680

e SN type: la e SN type: llIb

e distance: ~3 kpc e distance: ~3.4 kpc

e radius: ~3.7 pc e radius: ~2.5 pc

X-ray Images
(Chandra)

Most parameters are reasonably well known.
-> largely help us interpret gamma-ray results.




Tycho SNR: cnHXpoTpoHHOE nanydeHmne n MI1

Warren+05

Chandra

shock heated
ejecta

svnchrotron X-ravs

X-ray/radio radial profile
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Cassam-Chenai+07

B2 =0.1-0.2 mG is inferred from the width of X-ray filaments
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Tycho's SNR

Pagwno n peHTreHoBCKue gaHHble aatoT
NHopmaLnio 00 e - HaKNoH cnekTpa
(2.0-2.3), 3H. obpe3aHusa (6-7 TaB) un
BENnuYynHe marHutHoro nong (B, ~215
MK C)
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Table 1
Parameters Used in the Spectral Energy Modeling Shown in Figure 4
Case ka; fiH i Esn E.r:.u:: E¢ ot
(kpc) (em~3)  (10°'erg)  (10°7 erg) (erg)
Far leptonic 3.50 0.24 20 1.5 3 10"
Far hadronic 3.50 0.24 2.0 1.50 6.7 x 10%
Mearby hadronic 278 0.30 1.0 0.61 4.3 x 10%

Note, Spectral indices have been fixed to 2.3 for both electrons and protons.
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Figure 4. Broadband SED model of Tycho’s SNR for the far scenario in leptonic model (left) and hadronic interpretation (right).



Cas A: HabnwaeHuna B guanasoHe 3B n TaB




A, forg em™* 7]

Cas A: ramma-cnekTp

B2 = 0.3-0.5 mG is inferred from the width of X-ray filaments

(Vink & Laming 03; Parizot+06) and X-ray time-variability (Uchiyama &
Aharonian 08)

| ml-decay model |

' | Fermi-LAT spectrum:
L Abdo+2010 :
oo l r=2.0+0.1
® o Fermi—=LAT
T E - 1| CR Proton: ~0.4x10% erg
Ecr ~ 2% of Esn=2x10>1 erg
w0-12
o | ! CR spectral index = 2.3
w1 L ./ =
N A S y ]
108 1010 1012 104

E |eV]



SNRs, B3anmogeuncTByroLime C
MONEKYNspHbIMN obfiakamum

MonekynspHble obrnaka — xonoaHble obnaka rasa 5-300K (<1% B
aTOMHOM MM MOHU3OBAHHOM COCTOsiHUM), H, (99.99%), n,,, ~102 —
106 cm3 (TunnyrHasa ~103 cm3)

Monekynbl H, dpopmupyrotca bnarogaps neiniv (~1% maccel), nbinb
TakxKe 3aliuiaeT Mosiekynbl oT YB nanydeHus, nornowias ero v
nepeunsnyyas B UK-gnanasoHe

Bcero ~120 sugoB monekyn (13 atomoB HC,;N); CO -camas
pacnpocTpaHeHHada nocne H, (104), naeT o4YeHb spkue
crnekTpanbHbIv MMHUK 2.6 1 1.3 MM — TpaccupyeT H,

6
Macchbl oT Heckonbkux My, 4o 10° M,

[MraHTckme mornekynspHoele obnaka (GMC): >10* Mg,
camMmorpasuTmpyoLimne

BonbLue NonoBMHbLI Macchbl MOEKYNAPHOro rasa B [Fanaktuke
cocpegoTtodyeHo B GMC ¢ M >10° M,

GMC cogepxaTt SFRs (star formation regions)



Figure 3. The left-hand panel shows an optical image of the Whirlpool Galaxy, M51, together with the small companion galaxy NGC
5195 in the upper left-hand portion of the image. The right-hand image shows the CO emission mapped with the BIMA Array from
M51; the CO traces the molecular clouds in the galaxy. Note how tightly confined the CO emission is to the well-defined symmetric
spiral arms in the galaxy. There is very little molecular gas between the spiral arms. (Credit: Stuart Vogel and the BIMA SONG
collaboration.)




B3aanmogeunctsne SNR-MC

Bce SFRs HaxogaTtca B MC (abcorntoTHoe 6onbwmnHecTBo B GMC)

Hawnbonee maccuBHble obpasytouime 3Be34bl He yCcrneBatoT MOKUHYTh
GMC, B3pbiBatoTca kak CC SNe.

Ob6pasyrowminca SNR aBonounoHMpyeT B nrioTHon cpeae GMC —
B3anmogencteme SNR n GMC MOXeT CUNbHO BIUATL HA 3BOJIIOLINIO
SNR



* WHTeHcuBHOCTL NTB (HeTennoBoe TOPMO3HOE U3ITyYeHNe) 1
pacnag n® nponopumoHanbHbl N, (MAOTHOCTU OKpYXXatoLLen cpeabl)

* [loaTomy B NOTHbIX pernoHax (Takmx kak SNR-MC) oxmngaeTtcs

CUITbHOE ramMmma-mnany4veHue (ecnu npomcxoamt adopekTnBHoe
yckopeHue CR)

* [lpun atom ana K, ~102 0OCHOBHbIM MEXaHU3MOM LOIKeH ObiTb
pacnap, n°

Fig. 7 Simulated broadband —4
spectrum from SNR undergoing
efficient DSA of electrons and
protons. The solid magenta curve
represents synchrotron emission,
the dotted blue curve is IC
emission, the dashed green curve
corresponds to NTB, and the
long-dashed curve represents the
7Y-day emission
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SNRs Interacting with Molecular Clouds
LAT Discoveries of MC-SNRs

Fermi-LAT Collaboration (Uchiyama+) 2011

Extended GeV emission has been
discovered from several SNRs,
with molecular cloud (MC)
interactions.

GeV extension is consistent
with the size of a radio remnant

(except for W28).

(d) W28

The dominant class of
LAT SNRs.
o

2.5 yr count maps (>2 GeV, front-converted) 5



HabnwageHmna SNRs-MC

* OcHoBHoM knacc SNRs, 3apernctpupoBaHHbin Fermi-LAT
« SNRs IC 443, W44 — camble apkne SNRs Bo 2-om kaTanore LAT,

Bo3pacTt ~10% net (1.5 n 2.9 knk)

« CneKTpbl NOKa3bIiBaOT HANU4ne kmHematmnyeckoro «nl ropbay -
NpsIMO€e yKa3aHue Ha afpOHHbIN MEeXaHN3M
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Fig. 2. (A and B) Gamma-ray spectra of IC 443 (A) and W44 (B) as measured
with the Fermi LAT. Color-shaded areas bound by dashed lines denote the best-
fit broadband smooth broken power law (60 MeV to 2 GeV); gray-shaded bands
show systematic errors below 2 GeV due mainly to imperfect modeling of the
galactic diffuse emission. At the high-energy end, TeV spectral data points for IC
443 from MAGIC (29) and VERITAS (30) are shown. Solid lines denote the best-
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fit pion-decay gamma-ray spectra, dashed lines denote the best-fit bremsstrah-
lung spectra, and dash-dotted lines denote the best-fit bremsstrahlung spectra
when including an ad hoc low-energy break at 300 MeV ¢ in the electron
spectrum. These fits were done to the Fermi LAT data alone (not taking the TeV
data points into account). Magenta stars denote measurements from the AGILE
satellite for these two SNRs, taken from (31) and (19), respectively.

Ackermann et al. 2013, Science
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Fig. 3. Proton and gamma-ray spectra determined for IC 443 and W44. Also shown are the broadband
spectral flux points derived in this study, along with TeV spectral data points for IC 443 from MAGIC
(29) and VERITAS (30). The curvature evident in the proton distribution at ~2 GeV is a consequence of
the display in energy space (rather than momentum space). Gamma-ray spectra from the protons were
computed using the energy-dependent cross section parameterized by (32). We took into account
accelerated nuclei (heavier than protons) as well as nuclei in the target gas by applying an enhance-
ment factor of 1.85 (33). Note that models of the gamma-ray production via pp interactions have some
uncertainty. Relative to the model adopted here, an alternative model of (6) predicts ~30% less photon
flux near 70 MeV; the two models agree with each other to better than 15% above 200 MeV. The
proton spectra assume average gas densities of n = 20 cm™ (IC 443) and n = 100 cm™> (W44) and
distances of 1.5 kpc (IC 443) and 2.9 kpc (W44).



SNR W51C

« [lns Toro, 4ToObl 06BACHNTL Habnogaemsbin cnekTp NTB Kep>>0.01
« [na Toro, 4tob 06bACHUTL cnekTp IC HyxxHO W, ~10°! erg (4TO

HepearnbHOo)
 ApnpoHHasa moaenb

L s, Y i
[lll.ll-l.l- PEEERTTTY BRI TTTT BRI ETTT) S SR TTTT M

107 108 109 1019 101 1012

E [eV]

Figure 3. SED of the SNR W31C region measured with the Fermi LAT
i(red points) together with phenomenological modeling. Systematic errors (see
Section 3.2) are indicated by black bars. The model consists of 7° decay (long-
dashed curve), bremsstrahlung (dashed curve), and IC scattering (short-dashed
curve). The integrated flux reported by H.E.S.5. is converted to the differential
flux at | TeV assuming photon index T = 2.5 £ 1.0 (black point).
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Figure 4. Three different scenarios for the multiwavelength modeling (see
Table 1). The radic emission (from Moon & Koo 1994) is explained by
synchrotron radiation, while the gamma-ray emission is modeled by different
combinations of 7° decay (long-dashed curve). bremsstrahlung (dashed curve),
and IC scattering (dotted curve). The sum of the three component is shown as a
solid curve.
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Gamma-ray Emission Sites

Radio & y-ray emissions from radiatively-compressed filaments
Crushed Cloud Model (uchiyama+2010)

Molecular Cloud SNR W44

synchrotron radio

mi-decay y-rays

Supernova

Remnant Radiatively-compressed

filament of CRs & B-field

ml-decay
y-rays

synchrotron radio emission
correlated with shocked H: gas

Escaping
CRs

21



NTorn

SNRs — ocHoBHOM nctouyHUKk CR oo ~1017 3B

B yoapHbIX BonHax npoucxognt apdekTMBHOE YCKOpPEHME YacTul
(andpdoysHoe yckopeHne — mexaHnam ®epmu Il poga) n ycuneHue
MarHMTHOro nong

YCKOpeHHble YacTuLbl U3Ny4atoT B pagno, PEHTTEHOBCKOM 1 raMmma-
ananasoHax

OTKpbITbIE BONPOCH!:
— MakcnmarnbHasa aHeprus yckopenus E .
— O PEKTUBHOCTb YCKOPEHUS
— OTHOLWeHNEe HEPrNUM B YCKOPEHHLIX ANIEKTPOHAX MU NPOTOHaX (Teopus
nokasnbHble HabnogeHna CR nokasbiBatoT, 4TO YB ropasgo 6onblue aHeprm
nepenatoT p (1 bonee TAXKENbIM a4pam), YEM €; OAHAKO HETEMMNOBOE U3NYyYEHUS
BonbLWKWHCTBa acTpoU3nNYeCcknx oObLEKTOB reHepupyeTcs €).
HabntogeHua B ramma-gmanasoHe nomMoratoT onpegenmtb OCHOBHOW
MEXaHM3M U3nyyeHnsi B obnactn 60nbLWmMX 3HEPIrNU — NENTOHHbLIN
NN afpOoHHbIN N ONPeaennTb 3HEPINID, COAEP KaLLIEIOCS B
a,EI,pOHHOI7I KOMIMOHEHTE (I/I TéM CaMblM OTHOLLEHNE SHEPIUN B
agpoHax K 9HEPrnu B ar1eKTPOHax)




Toru

 Historical SNRs
— Tycho & Cassiopeia A

— Hadronic origin, Magnetic field amplification, CR energy
content

* Young TeV-bright SNRs
— RX J1713.7-3946 & Vela Jr.
— Leptonic origin? (B-field too low?)
« SNRs interacting with molecular clouds
— W51C, W44, 1C443, W28, W49B, W30, CTB37A, ...
— Hadronic origin
— Most cases: re-acceleration of ambient GCRs
— Runaway CRs would be responsible for some cases



[TynbcapHble TymaHHoCcTU (PWN = pulsar
wind nebulae) nnn nnepuoHsbl

[loTOK PEJTATUBUCTCKUX HaCTUL OT MyJribCapoB — peﬂFITI/IBVICTCKVIM
BeTep (e-e*) E~3.10¥BLP *ergs™!
dE/dt >~ 1036 apr/c

Tam roe gaBrneHne BeTpa CpaBHMBAETCH C AaBIEHNEM
oKpyXatoLien cpeabl obpasyeTtca YB; 3a YB aneKkTpoH-No3nTPOHHas
nrasma obpasyet pacwuumparowytocs PWN, koTopas nsnydaeT
CUHXPOTPOHHBIM MeXaHn3MomMm (OT paano 40 PEHTIEHOBCKOIO
avanasoHa) u IC B ramma-ananasoHe.

TuvnnyHble 3HayeHusa Ly/(dE/dt) ~104, L /(dE/dt) ~103
3anac aHeprun ~104° apr

CambIn pacrnpocTpaHeHHbIN Knacc ranaktmdecknx VHE nctouvHnkos
(>80)



Crab Nebula

OT1nnyaeTca oT 0601104e4HbIX OCTaTKOB cBepxHOBbIX (Tycho, Cas A).
OHepreTrKa onpenenseTcs NOCTOAHHbLIM MPUTOKOM MarHUTHbIX NOSs U
PENATUBUCTCKUM YaCTUL, OT LleHTParibHOro NCTOYHMKA

a b
Radio (NRAO)

Optical (ESO)

X-ray (CXC)

Composite (CXC)

Toroidal wisps

e
3 -
Inner ring

20 ar

Figure 1

Images of the Crab Nebula (G184.6-5.8). (#) Radio synchrotron emission from the confined
wind, with enhancements along filaments. (&) Optical synchrotron emission (&/ue-green)
surrounded by emission lines from filaments @ed). (¢) Composite image of radio (red), optical
(green), and X-ray (&#lue) emission. (d) X-ray synchrotron emission from jets and wind
downstream of the terminadon shock, marked by the inner ring. Note the decreasing size of
the synchrotron nebula going from the radio to the X-ray band. Each image is oriented with
north up and east to the left. The scale is indicated by the 2 arcmin scale bar, except for panel
(d), where the 20 arcsec scale bar applies.




SNR + PWN (composite SNR G21.5-0.9)

a b

Interstellar Supernova

material blast wave and
swept-up shell

Pulsar
and
nebula

1 arcmin

Figure 2

(@) A deep Chandra X-ray image of the composite SNR G21.5-0.9 (Matheson & Safi-Harb
2005). A circular supernova remnant (SNR) of diameter ~5’ surrounds a symmetric pulsar
wind nebula (PWN) of diameter 221’5, with the young pulsar J1833-1034 at the center (Gutpa
et al., 2005; Camilo et al., 2006). The central location of the pulsar and PWN and the
symmetric appearance of the PWN and SNR both argue for a relatively unevolved system in
which the PWN expands freely and symmetrically into the unshocked interior of the SNR.
(b)) A schematic diagram of a composite SNR showing the swept-up interstellar medium shell,
hot and cold ejecta separated by the reverse shock, and the central pulsar and its nebula. The
expanded PWN view shows the wind termination shock. Note that this diagram does not
correspond directly to G21.5-0.9, in that a significant reverse shock has probably yet to form
in this young SNR.
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Figure 10

SED for HESS J1640—465, showing hypothetical contributions from young (blue lines)/old (red lines)
electrons. Data for HESS J1825—137 are shown for comparison ( gray regions). Reproduced from Funk et al.
(2007).
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Figure 11

The SED of the Crab Nebula and Pulsar, adapted from Hinton (2009).



PeHTreHoBCKMe OBOWHbIE CUCTEMBbI

>50% 3Be3 BXOAUT B ABOMNHbIE U
KpaTHbl€ CUCTEMDI

PeHTreHoBCKMe ABOWHbLIE:
HOpMarbHas 3Be34a + BblpOXAeHHas
3Be3aa (HEMTpPoOHHas 3Be3aa, YepHas
ablpa)

[lepeTekaHue BellecTBa (akkpeuusi) C
HOPMaribHOro KOMMOHEHTAa Ha
BbIPOXXAEHHbIN — BblAeNieHne
rpaBUTaLMOHHOW SHEPTUM,
PEHTreHOBCKOE U3STyYeHme

HMXBs n LMXBS — macCuBHbIE U
MariloMacCuBHbIE PEHTIEHOBCKUNE surface
CUCTEMbI

OKBUMOTEHLNASTbHbIN MOBEPXHOCTN
PoLue n Toukn JlarpaHxa

Orbital

© 2002 Brecks Cole Putdishing - a division of Thomson Loaning



Assumes:

Roche Potential

synchronous rotation

circular orbit
2 point masses
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HMXBs (high-mass X-ray binaries) —
HOpPMarsibHbI KOMNAaHbOH MOJIo4ad Be star with
MaccuBHagqa 3Be3aa knacca OB, circumstellar disk
BblpoXaeHHbI — H3 nnn Y[

« Cpean nepBbiX OTKPbLITbIX B HaYane
70-x rogos (eg. Vela X-1, Cyg X-1,
Cyg X-3, Her X-1)

*  Akkpeuus ns 3aeesgHoro BetTpa unm
npwu nepenonHeHnn nonoctn Powa

« [1Ba OCHOBHbIX TMna: ABOWHbIE Be
(Be/X-ray binary), ABOWHbIE C
CBEPXITUraHTOM (SG/X-ray binary) CENTAURUS X-3: A HIGH MASS X-RAY BINARY

« 114 HMXBs B Nanaktuke (4-bin
kaTanor 2006 r). Bcero 2x103-2x104

« ~103% - 10%% apr/c (BeTep) unu
~1038 3pr/c (nepenonHeHue
nonoctu Powia)

i BpeMﬂ >I<I/I3HI/I ~1O6 = 107 .rleT ' X—Raye:‘:i:sion: pulses

circumstellar
disk

Drawing not to scale




LMXBs (low-mass X-ray binaries)

HOpManbHbIM KOMMaHbLOH
benbin Kapnuk Unn 3ses3abl
NO34HUX TUMOB rMaBHOWN
nocrnenoBaTenbHOCTH,
3Be3dbl TMNa A, cyoruraHTobl
F-G M <~ 1M
AKKpeuuns npu
nepernosiHeHUN MOSI0CTHU
Powa

MHoXecTBO NoATMMNOB

187 LMXBs B [(anaktuke
(4-bI1 kaTanor 2006 r)
Bpems xun3Hn ~108-10° net

Sun




[ amma-nsnyvyeHmne HMXBs

“Gamma-ray binaries” — 6 (MeV-
GeV-TeV)

[[aMmma-u3nyyeHne MoaynmpoBaHo
C opbuTanbHbIM NepMoaom

3 — Be/X-binary
He Bcerga n3secTteH Tun
KOMMaKTHOro oobekTa

LS | +61- 303:
N3ny4dyeHne oByx passindHbIX
nonynaunm YacTuu,

Cnektp LAT noxox Ha
NyNbCapHbI — KOMMAKTHbLIN
0ObeKkT monogon nynecap!?

LS | +61- 303:
| T ® VERITAS
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Figure 5. VERITAS and Fermi-LAT spectral enerev distribution.

F=AE"Texp(-E/E,)
Flux (E>100 MeV)
= 0.82 + 0.03 (stat) + 0.07 (syst) 10° ph/cm?/s
I'=221+0.04 (stat) = 0.06 (syst)

E.=6.3+ 1.1 (stat) = 0.4 (syst) GeV



reHepaLl,I/IFI raMmmMa-mn3rty4eHus

* JlenTOHHbIN MexaHn3Mm (obpaTHoe
KOMMNTOHOBCKOE paccesHue)

« AIPOHHBbIN MexaHu3m (pacnag, r°,
o0OpasyrLmMXcs NPpU CTONTIKHOBEHUN
PENATUBUCTCKNX MPOTOHOB)

« LS 1+61° 303 (P=26.5 oHEN) — HEU3BECTHO, 4TO
YCKOPSET YacTulbl: MONoAoN nyrnbcap
(yCKOpeHue B MarHmtocdepe n/mnu B yaapHou
BOJTHE MPU CTONKHOBEHUU MYIbCapPHOro U
3BE3HOro BETPOB) UMK, HAaNpuUMep,
PENATUBUCTCKNU OXeT (CTPyS)



[lepBoe geTekTnpoBaHue
B obnactn MaB - 9B

« OBHapyxeHa NepmoanvyHOCTb B UHTEHCUBHOCTU
ramma-uany4veHus c nepunogom 26.4+0.5 gHen

e [lnk N3JTYHEHUNA NMPUXOoANTCA Ha Nepmnactp
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ITorn no AOANCKPETHBbIM NCTOYHWKAaM

OCHOBHYIO NONYNIALMIO rafiakTM4ecknx ramma-
MCTOYHUKOB COCTaBSAKT raMmma-nynbcapbl (117 Bo 2-om
kaTanore LAT)

Bcero Heckonbko SNRs (6) , PWN (pulsar wind nebulae
- 3) n HMXBs (6) oetektupoBaHbl Fermi-LAT B ramma-
avanasoHe (2-om kaTanor; Ha CerogHALWHUA OEHb YXKe
bornbLue)

PWN aBnaTCca OCHOBHbIMU ranaktnyecknmm
NCTOYHMKamMm B oobnactm VHE

MHOXXeCTBO HeMAEHTUPULMPOBAHHLIX MICTOYHUKOB B
nriockoctn ["anaktukmn (0ONbLLWMHCTBO — raMmma-
nyrnbcapbl)



