Ondpdpy3HbIN [ anakTnyeckmm qoH
raMmma-unany4vyeHuns

dopmmpyeTtcs npu Bzanmogencteum KJ1 (agep n e-e* BbICOKUX
9HEpPrmn) c Mexs3Be3aHbIM ra3om, N3ny4eHmem, 1 MarHUTHbIM
Nonem.

[aeT nHpopmauymio o npomcxoxgeHnn n pacnpoctpaHeHnm KJl u
CBOMCTBaxX MeX3Be34HoW cpeabl B [[anakTuke

Camu KJ1 aBnstoTcsa BaKHbIM UCTOYHMKOM Harpesa 1 MOHU3aLuum
MEXX3BE3HOWN cpeabl, a Takke BO3MOXHO UrpatoT 3HAYNTENBbHYIO
pOrb B PerynMpoBaHum npoLiecca 38e30000pasoBaHns 1 3BONIOLMM
ranakTuk.

OcCHOBHbIE MpoLecchl:

AJpPOHHbIE B3aUMOAENCTBUS

ObpaTHOE KOMNTOHOBCKOE paccesiHne onTUYecKoro,
NHMPaKPaACHOIro MeX3Be34HOro 1 OHOBOro0 MUKPOBOSTHOBOIO
N3NYy4YEeHUsI Ha PENSATUBUCTCKUX SNEKTPOHAX

TopMOo3HOE M3nydeHne penaTUBUCTCKUX SMEKTPOHOB,
B3aMMOJENCTBYIOLMX C MEX3BE3JHbIM ra3om
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The goal : use all types of data in self-consistent way to
test models of cosmic-ray propagation.

Observed directly, near Sun:
primary spectra (p, He ... Fe; e7) -
secondary/primary (B/C etc) L4
secondary e” , antiprotons...

Observed
from whole
Galaxy:
y - rays

synchrotron’




Moaenunposanune (GALPROP)
http://galprop.stanford.edu/

PaccunTtbiBaeT pacnpocTpaHeHe 3apsKeHHbIX YacTul B [[anakTuke
N onpdysHoe nsnyvyeHuns, reHepnpyemMmoe npu pacrnpocTpaHeHnm

« 3apatb nctodHukn MKJl
« 3apaTtb cnekTp nHxektnpyembix 'K/

« 3apaTtb pacnpegernenuve rasa B lanaktuke: Hl (aTtomapHbIn
BOZOpPOA — MO NnHUK 21 CM)

H,(MonekynsapHbIv BogopoA — no nnHuu CO 2.6 Mm)

HIl (noHM30BaHHbLIM BO4OPOA, HECKOSIbKO % OT aTOMapHOro rasa,
HO BHOCUT BKIad Ha 60nblWKnX WUpoTax)

« 3apaTb Mex3BesgHoe paguauuoHHoe nose
« 3apaTtb pasmep obnactu yaepxanua KJl (rano)



* [loTepun aHeprnmn e n e* : CUHXPOTPOHHbIE, OBpaTHbIE
KOMMTOHOBCKME (TOPMO3HbIE, NOHM3ALUMOHHbIE, KYNTIOHOBCKME

Pesynetat GALPROP:
 Pacnpepgenerune KJl

« KapTta pacnpegeneHmst UHTEHCMBHOCTU CUHXPOTPOHHOIO U raMma-
N3Ny4YeHus
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Figure 1. CR source density at z = (0 in arbitrary wnits as a function of

Galactocentric radius. Solid black curve: SNRs (Case & Bhattacharya 1998).
Dashed blue curve: pulsars (Lorimer et al. 2006). Dotted red curve: pulsars
( Yusifov & Kiiciik 2004 ). Dash-dotied green curve: OB stars (Bronfman et al.
2000). While the units are arbitrary, the relative normalizations of the curves
in the figure match those found in the GALPROP models vsed in this analysis.
The CR. flux of the models is normalized to the observed CR flux at the solar
circle after propagation. The normalization is done at 100 GeV and is therefore
unaffected by modulation.

[MpocTpaHCcTBEHHOE
pacnpegeneHme —
bepeTcsa pacnpegeneHue
nynbcapoB



CneKkTp nHxxektupyembix KJl

* B npocTtpaHcTBE NMMMynbLCOB — CTEMNEHb C U3NIOMaMU
(pa3Hble NapamMeTpbl 4119 NEPBUYHbLIX P U €)

* [lapameTpsbl BbiDMpatoTCs Tak, YTOOb
BOCrnpon3soaunnck Habngaemole cnektpbl Kl

e OnekTpoHbl: '=1.6 (E <4 13B), I'=2.5 (4I'aB <E< 2TaB),
['=5 (E>2 TaB) — xapakTepHble 3Ha4YeHUS
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Figure 1

Compilation of spectral data 10'°-10" eV for proton, helium, and iron, combining balloon,
satellite, and ground-based measurements. Figure adapted with permission from Reference 18
and G. Hérandel (private communication).
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Measurements of the electron spectrum, including AMS01, CAPRICE94, HEAT, and

SANRIKU, compared with possible contributions of distant sources and local supernova
remnants. Figure adapted from Reference 37 with permission from the American
Astronomical Society.
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CnekTp e no gaHHbiM Fermi-LAT
(7 I'aB -1 TaB)
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FIG. 21 (color). Cosmic-ray electron spectrum as measured by
Fermi LAT for 1 yr of observations—shown by filled circles,
along with other recent high-energy results. The LE spectrum is
used to extend the HE analysis at low energy. Systematic errors
are shown by the gray band. The range of the spectrum rigid shift
implied by a shift of the absolute energy is shown by the arrow in
the upper right corner. Dashed line shows the model based
on pre-Fermi results [32]. Data from other experiments are:
Kobayashi [45], CAPRICE [33], HEAT [46], BETS [47], AMS
[19], ATIC [7], PPB-BETS [8]. and HESS. [9,10]. Note that the
AMS and CAPRICE data are for ¢ only.
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FIG. 22 (color). The e™ + e~ spectrum computed with the
conventional GALPROP model [36] (shown by solid black line)
is compared with the Fermi LAT (red filled circles) and other
experimental data. This model adopts an injection spectral index
I' = 1.6/2.5 below/above 4 GeV, and a steepening [ = 5 above
2 TeV. Blue lines show ¢~ spectrum only. The solar modulation
was treated using the force-field approximation with @ =
550 MV. The dashed/solid lines show the before modulation/
modulated spectra. Secondary e® (red lines) and ¢~ (orange
lines) are calculated using the formalism from [12].



ISRF (interstellar radiation field)
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F1c. 1.—ISRF energy density as function of R at z = 0 (left), and of z at R = 4 kpc (right). Shown are the contributions of stars (dashed line), dust (dash-
dotted line), CMB (dash—three-dotted line), and total (solid line).

ISRF — nanyyeHme 3sesq + paccedaHune, NormnoLlieHue,
nepeunsnydyeHne gOoTOHOB MNbINb MeX3Be3aHoro sBewlectsa (~20% n3nyyYeHus
3Be3 nepepabaTbiBaeTca nbifbio U nanydaetcs B VK)



MarHmtTHoe nosne

* PeryndapHoe =2 Mkl c B gucke n =2 mkl ¢ TopomgansHoe norse B raso
(onpegenseTcs No Mepe BpaleHUs paanonsyyeHuns ot
BHerasiakTuyeCckux UCTOYHNKOB)

« CnyyvanHoe B, =B exp[-(R-Rg,,)/Rg - |1z|/zg] — napameTpsbl
onpeaensTcsa No pacnpenesieHnio CUHXPOTPOHHOIO U3NTyYeHUs Ha
408 Ml'y; By=7.5 mkl'c; Rg ~8 KnK, zg ~1 KnK



Fermi-LAT

1 10 100 1000

Figure 5. Upper panel: observed Fermi-LAT counts in the energy range
200 MeV-100 GeV used in this paper. Lower panel: predicted counts for model
587482071505 in the same energy range. To improve contrast we have used
a logarithmic scale and clipped the counts/pixel scale at 3000. The maps are in
Galactic coordinates in Mollweide projection with longitudes increasing to the
left and the Galactic center in the middle.



103

10—

EZJAE;) [MeV e 571 5171

07 <=1 <= 360"
8" 2= |b| ==09(F

. Sg74R znfll 5055 ;

= = —————— ——rrr
= 015} e
a3

T 000 == == co - =%

= - - ===z _
£ 015 T =3
=

Tl

E-%J—,(L'—I/.) [MeV em™= 57 s

0 AN N
N \ ‘\\
017 «r= [ <= 360"
8® = | b =00
B So7gR30TeC2 .
L L
= T T a
= 015F 1
L5
b=} —-— —-— 3
g 000[= = = -
D - = =
P - T
_%_0']-"_ MR | L P | . . ......3
= 107 10t 10°
Ey [MeV]

Figure 12. Spectra extracted from the local region for model ®$%4% 207 1505
(top) and model 508130700 2 (bottom) along with the isotropic background
(brown, long-dash-dotted) and the detected sources (orange, dotted). The models
are split into the three basic emission components: 7°-decay (red. long-dashed).
IC (green, dashed). and bremsstrahlung (cyan, dash-dotted). All components
have been scaled with parameters found from the y-ray fits. Also shown is
the total DGE (blue, long-dash-dashed) and total emission including detected
sources and isotropic background (magenta, solid). The Fermi-LAT data are
shown as points and the error bars represent the statistical errors only that are in
many cases smaller than the point size. The gray region represents the systematic
error in the Fermi-LAT effective area. The inset sky map in the top right corner
shows the Fermi-LAT counts in the region plotted. Bottom panel shows the
fractional residual (data — model)/data.
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Figure 15. Specira extracted from the inmer Galaxy region for model

S824R20T 15055, See Figure 12 for legend.
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Figure 18. Latitade profile showing the owter Galaxy in the enargy range 200 MeV—1 6 GeV. Shown are profiles for models *5%4% 207 150T5 (wop lefi), 5 1L*6® 20T 0a®5
(top righty, *Y*10% 307 15052 (bottom left), and * 08" 307 20™2 (bottom right). The DGE moded is split ints the three different gas components: Ha ired, long-dashed),
Hz (cyan. dssh-dottedy, and H n (pink. koag-dash-dash-dotied), and also 1C (green, dashed). Also shoan are the isobropic component (brown, long-dash-dotted), the
detectad soarces (orange. dotted ). iotal DGE (blue, long-dash-dashed), and total model (mapenta. solid). Fermi-LAT data are shown as points with stalistical error
bars and the systematic uncertainty in the efective area is shown as a gray band. Due o the evenness of the sky exposure of the Fermi-LAT, the systematic emor is
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(A color version of this figure is availsble in the cnline joumal. )
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Figure 19. Latitude profile for model ¥524% 207 1505 showing the inner Galaxy
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Figure 18 for legend.
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Figure 21. Longiwde profile showing the Galactic plane in the energy range 200 MeV-1.6GeV. Shown are profiles for model SS24R20T15055 (wop left),
SSEAR20T150C2 (top right), S524R20T0cCS (bottom left), and SLZ4R207150C5 (bottom right). See Figure 18 for legend.
(A color version of this figure is available in the online iournal.)
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Figure 1. Global CR-induced luminosity spectra of the MW for DR propagation model (left panel) and PD propagation model {right panel) with z; = 4 kpe. Line
styles: ISRF, including optical and infrared scaled by a factor 10~* (magenta solid), and components for model 2 are cosmic rays (dotted lines), protons (red),
helium (blue), primary electrons (green), secondary electrons (cyan), and secondary positrons (magenta); CR-induced diffuse emissions (solid lines), IC (green),
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Figure 1. Luminosity budget of the MW for DR propagation model with
zh = 4 kpc. The percentage figures are shown with respect to the total injected
luminosity in CRs, 7.9 x 10* erg s~'. The percentages in brackets show the
values relative to the luminosity of their respective lepton populations (primary
electrons, secondary electrons/positrons).




NTorn

OcHOBHOW BKNag BHOCUT pacnagj m,

Bknapg IC pacteT ¢ pocTOM 3Heprum

TopMO3HOE U3rnyyYeHne BHOCUT
3aMeTHbIV BKNnag B obnactb <~ 3 3B

HabniopgaeTca n3bdbiTtok B oonacTtu 3B
0CODOEHHO BO BHYTPEHHEN YacTu
[[@anakTUKN: ANCKPETHbIE UCTOYHUKN?
(ecnb nynbcapsbl, TO HE MOTYT BHOCUTb
3Ha4YMMbIN Brkaa B oobnactb >~ 10
[3B) ceexue ncrounukn KJIl c 6onee
XKECTKMM CNEKTPOB BO BHYTPEHHUX
obnactax [anaktmkn? HetoyHoCTU B
onpeneneHunu cnektpa KJl no
noKarnbHbIM N3MePEHNAM?

Figum 15. Spectra extracted from the inner Galaxy region for model
5

5524R20T 15055, See Figure 12 for legend.
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AKTUBHbIE Aapa ranaktuk AGNs (active
galactic nucleil)

UTto Takoe AGNS?
OcHoBHble cBonctBa AGNS

NcTouHunK aHeprum AGNS
Tunbl AGNSs



AGNS c TOYKK 3peHunst HabnaeHNN

« OO6GBbEeKTbI, KOTOpPbIE C OAHON CTOPOHbI BbIFMAANT Kak
raniakTuKn, a ¢ APYron CTOPOHbI KaXKyTCst 3B€3HbIMU —
NoKa3bIBalOT HEOObIYHbIE CNEKTPbLI C CUMNbHBIMU
3MMUCCUOHHBIMU JIMHUAAMWN, OTPOMHOW CBETUMOCTbIO U
4acTO MOLLHbIMU AXeTaMn (CTPysIMUK) BELLLECTBA U3 UX
LleHTpa

° CI'IeKprI O4HEeHb CUJTIbHO OTJIINMYAKTCA OT 3BE€34HbIX

* CunnbHOE N3MeHeHNEe SIPKOCTU Ha MacluTabax ~mecsiya,
T.e. R ~ct ~0.1 ¢cB. roga — o4eHb KOMMaKkTHaa obnacTtb
na3nyyeHms!



OCHOBHbIE NPUHUUIMDbI. |
Bce tunbl AGNS nposiBfieHne ogHOro n Toro xe
don3ndeckoro dgoeHomMeHa: akkpeLun BellecTBa Ha
LEeHTPasribHy0 CBEPXMACCUBHYIO YepHYto ablpy (SMBH)
M~10° Mg,
EcTb akkpeuua: AGN

HeT akkpeuun: cnawmm AGN, ranaktnka BbirnaanT
HOpMarbHOW

T.e. AGN 91O BpeMeHHOE COCTOAHUE C KOPOTKUM
pabounm LMKNOM

Bce ranaktukm gomnkHbl 6biTb AGN B KAKOU-TO MOMEHT
CBOEW 3BOSTOLUN

B3anmogencreue/cnusaHue ranaktuk MoxXeT ObiTb
TpuUrrepom K akkpeuum Ha SMBH n nopoante AGN



OcHOBHble npuHuunel.

* Bce pasnunyHble Tunbl AGNS:
— Liners (low-ionization nuclear emission-line region)
— CendeprtoBckue ranaktukm tuna | un ll
— Pagvoranaktukm
— KBasaptl

pasnuyalroTca Nnib KOMOUMHaAUMEN OBYX OCHOBHbIX
ABIeHUMN:

— Temnom akkpeuun Ha SMBH: cBeTUMOCTbLIO

— OpwuenTtauunen ranaktMku/AGN no OTHOLLEHUIO K
HabngaTensd



Ctpyktypa AGN

Y Bcex AGNS ecCTb:

Narrow Line
Region 1. SMBH
/ En—%:ailgnufwe 2. AKKPEUMOHHbIN ONCK
3. 3aTeHsarLWwmn Top
4. ObnacTb
gg(retiﬂn CbOpMI/IpOVBaHI/IFI Y3KUX
_ 9M. NMNUHUN
/ 5. ObnacTtb
Obsouring | doopmMupoBaHms
Torus LLUIMPOKUX OM. JINHUU

6. [bxeTt




YucneHHble napameTpbl AGNS

CBeTumocTtb L ~104% — 1048 apr/c
Pasmep << 1 nc

Mgyign ~10° — 10° Mg,
OOOVHITOHOBCKasA CBETUMOCTb

I:rad = |:grav

Legg~1.3 x 1038(M/M., ) apr/c

Sun



CendepToBCKME ranakTuku

OfHa 13 OByX caMblX
MHoro4ymcneHHblx rpynn AGNSs
Hapady C KBasapamu

~10% Bcex ranakTtuk
CnunparbHble ranakTukym ¢ OYeHb
SIPKUM 3BE30M000HBIM LIEHTPOM
(sapom)

CBeTUMOCTb siapa cpaBHUMaA CO

CBETUMOCTbIO BCEX OCTaAlJlbHbIX NGC 1068 (Messier 77)
3Be3 raliaktunku

Ou4eHb Apkne B MHMPpaKkpacHoOM
avanasoHe

B CneKkTpe BnaHbl CUJ1bHbIE
IMNCCNOHHbIE JTTMHNA




KBasapbl (QSO)

B Hayane 1960x MapTtuH lWUMuat noeHtndouymposan
pagnoncTodHuk 3C 273 co cnabom rosiydbomn 3se3non

— CMNEeKTpP «3Be3a0bl» NMOKa3dblBaljl SMNCCUOHHbIE JTMHUN

— [NWHbI BOSH 3TUX NIMHUIA HE COOTBETCTBOBANM HU
OJHOMY VU3BECTHOMY 3NIEMEHTY

LLIMMAT NOHSAN, YTO 3TO NMMHMM BOAOPOAA, CUITBHO
COBWHYTbIE B KPACHYK CTOPOHY

Quasi-stellar radio sources = quasars

B oTnnymnm ot cenpepToBCKUX ranakTuk CBETUMOCTb
appa B QSOs B >100 pa3s Bbille CBETUMOCTW BCEX 3BE3[
ranakTuku (T.e. camy ranakTuky TpyaHo yBnaeTh)

Ceetnmoctb QSOs B cpegHeM BbilLe, YEM CBETUMOCTb
CendepToBCKUX ranakTuk



PaaunoranakTtuku

* CwurnbHO n3ny4aroT B paguoananasoHe

« PagounownsnyyeHnune npuxoant ns nodos (lobes) ¢ pasHbix
CTOPOH ranakTuKu, a He U3 caMon ranakTuku




PaaunoranakTtuku

 BuaeH pxet

« YacTto cama ranaktuka
ABMAETCA aNNUNTUYEeCcKon (Ha
KapTUHKe oxetT n3 M87 — 1.5
KNk, HST)

« dopmbl N060B ObIBAOT
pasHbIMN — B JAHHOM
npumepe (NGC 1265)
3arHyTbl Ha3ag n3-3a
OBWXEHUS ranakTUKn B
MeXXrarnaktudeckon cpeae




bnasapbl

Tun AGN, BkntoYdawoLwmm B cedba obbekTbl TUNa BL Lac n
FSRQ (flat spectrum radio quasars)

[OeMOHCTPUPYIOT OLICTPYIO NEPEMEHHOCTbL (OHU K
MEHbLLE)

Apkne ramma-nCcToOHYHUKU
PenatuBucTcknn oxet (CTpyd) HanpasfeH Ha Hac.

Bce, KpoMme caMbix APKUX, N3MNy4atdT OCHOBHYHO YacTb
3NEeKTPoOMarHUTHOM 3Heprum B obnactn ramma-
ananasoHa.

CamMble MHOIrOYUCIEHHbIE BHEranakTn4eckme oobLeKThI,
3apeructpupoBaHHbie LAT 1 Ha3eMHbIMU ramma-
Teneckonamm



BL Lacertae

* [lo nmenu BL Lac (BL Awepuubl) — cHavdana oblis
NPUHAT 3a NepeMeEHHYI0 3Be3ay (bf1ieck MeHsIETCS OT M =
14 npo m=17)

* [lo3xe nogeHTnpuumnpoBaH ¢ ApKNM NepemMeHHbIM
PagMoONCTOYHUKOM U criabou ranakTmkom Ha z = 0.069

« B cnekTtpe OoTCyTCTBYIOT LUMPOKNE SMUCCUOHHbBIE NMUHUN,
BUOHbIE B CMEKTPax KBa3apoB



YHudpukauma tmnos AGNSsS

Supermassive black hole
with accretion disk and jets

Receding . Approaching
jet jet

- .bw_

This observer

sees a blazar
This observer sees
aradio-loud quasar

L/‘/This observer sees

4=
a radio galaxy




BHeranaktnyeckne MCTOYHUKU raMmma-

201 LAT kaTtanor
886 AGNSs:
395 BL Lac
310 FSRQ

157 kaHOnOaToB B
bnasapsl

8 misaligned AGNSs

4 NLSF1

10 AGNSs gpyrmx Tunos
2 starburst galaxies

T.e. > 95% 6na3sapbl

N3nyyeHns

What has Fermi found: The LAT two-year catalog

Supernova
remnants Globular clusters,
Pulsars 4% high binari
ax igh-mass binaries,
normal galaxies

and more
Non-blazar

!

: : 1%
active galaxies
) /\W\ ‘

Unknown \ Blazars
31%

3a ucknrodveHnem apyx starburst galaxies
(NGC 253 n M82)

BCEe BHEranakTu4eckne NCTOMHNKK
3aperucTpmpoBaHHble Ha TaB-HbIX 3HepPrnax
- AGNs:

4 paguo-ranaktukm n 44 tnasapa (Hos6pb
2011).
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Figure 1. All blazar SED detected in the first three months of
operations divided according to their lnminosity in the LAT band
(0.1-100 GeV): log L, < 45.5 (blue): 45.5log L, < 46.5 (green):
46.5 < logL, < 47.5 (red): log L, > 48 (black). Solid lines are
the phenomenological models i [26]. that divided the blazars
according to their radio luminosity. assumed to be a good tracer
of the bolometric one. Luminosities in erg s~*.



Blazar Models

Synchrotron
L : emission
Relativistic jet outflow with I" = 10
Injecthn, N\ Narrow Line
acceleration of Region
ultrarelativistic _
electrons Broad Line
Region
Compton
emission

Accretion

Disk
Y1 Y2

Injection over finite / | /\

length near the kA

Torus
base of the jet. Seed photons:

ynchrotron (SSC),

Additional contributi cr. Disk + BLR (EC)

vy absorption along
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o Blazar Models Proton-
Injection, iInduced
acceleration of radiation

ultrarelativistic Relativistic jet outflow with I" = 10 mechanisms:
electrons and

protons o Narrow Line
Region
groad Line

* Proton

Vi Y synchrotron
* py — pn°

0 — 2y
Synchrotron £ty
emission of | _ g

. ar
primary € geleEletglile H"— €7vev,

Torus
— secondary p-,

e-synchrotron

~

» Cascades ...
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Spectral modeling results along the

Blazar Sequence: Leptonic Models

Low magnetic fields
(~0.1G);

High electron
energies (up to TeV);

Large bulk Lorentz
factors (I' > 10)

No dense
circumnuclear material

— No strong external
photon field

vF, [Jy Hz]

High-frequency peaked
BL Lac (HBL):

Mrk 501 in 1997
MJD 50565 vs. MJD 50627

e« MJD 50627
' MJD 50565

T ]
M ]
! ‘ 1

i 4 ? ]

_ 7 .

L £ /’ II J

2 ‘,/ |
E ,/

/" Synchrotron

e o s T |

L {

L /

o
If

10° 10" 10" 10" 10" 10" 10* 10* 10* 107
ol (Petry et al. 2000)
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Spectral modeling results along the
Blazar Sequence: Leptonic Models

High magnetic fields (~ a few G); Radio Quasar (FSRQ)
Lower electron energies (up to
GeV); 3C279
Lower bulk Lorentz factors (I" ~ 10) —
10t +4P1(June 1991 flare)
*-¢ P2 (Dec. 92/ Jan. 93)
. :j:: 22000‘;3 I ‘r .
B Accretion [N
| Disk _ !
\ _§;1o‘z M ] ]
Plenty of circumnuclear S A xternal ;
b/ 2l xSynchrotrG Compton
material — Strong 10" b | ! ¢sha - Fiat Spectrur 5
eXtel’nal phOtOﬂ f|e|d 10° ;161“ 1ol” 101‘5 10 1ol“’ 102‘ 1o|2° 1625

v [Hz]
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Modeling of 3C66A in 2003-2004

Model parameters:
D=I'=24
Rg = 3.6*10® cm
B=24G
g=3.1—-24
v, = 3.0*10% — 4.5*104

L= 2.7%10* erg/s —
7.0*10% erg/s

Time-dependent broadband SED

START > SIRCI:I:{E?Q%L;L,I'—Z.S}
ot L foe STACEE
E + Nov.1 (99 % UL, T = 3.0)
: = Mov. 11
L oikn {EINSTEIN
11979/198
12 ’f
i~ 10 i E
T ]
5 4
- Y[
| |
. |
10"
§
4
§
10”} X 1 L | 1 1 ] 1 Il
10° 10" 10" 10" 107 10" 10" 10° 10" 10
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Ly(ergs”)

Q 0.5 1 1.5 2 2.5 3 3.5
Redshift

Figure 3. Gamma-ray luminosity vs. redshift. Red: FSRQs, blue: BL Lac
objects. The solid (dashed) curve represents the approximate detection limit for




NTorn

BL Lac — oTHOCUTENBHO Manad raMmmMma-cBeTUMOCTb; FSQR —
BbICOKasd raMma-CBETUMOCTb. BO3MOXXHO 00bsCHAETCS pa3HULEN B
pexnmMme akkpeuuu: ot pagnaymoHHO HeaddPEKTUBHOIO K
pagMaunoHHO 3 dPEKTUBHOMY aKKp. OAUCKY MNpU CBETUMOCTU AUCKA
~19% Legg

B 6onblWMHCTBE AKETOB U3ITy4EeHNE OCHOBHOM 4OV SHEPTUN
npoucxoanT B ogHon obnactn Ha paccTodHum ~103 Rg

B cambix apkux kBasapax nuk SED npuxogntcsa Ha «KpacHyr»
obnacTb cnekTpa, YTo NO3BOMAT BUOETb U3INYyYEHMNE aKKPELIMOHHOIO
avcka. [lo cBeTMMOCTM M YaCTOTHOMY MUKY MOXHO onpegenntb M un
dM/dt. Npn 3TOM OKa3sbIBaeTCs, YTO IHEPIUA AKeTa N CBETUMOCTb
OMCKa KOpPernupyrT, T.e. IXKET N aKKpeuna B3aUMOCBA3aHbI.
OpgHako YacTo 3HepreTvKa OXXeTa Bbllle, YHeM CBETUMOCTb AMCKA,
T.€. aKKpeuust He MOXeT ObITb €ANHCTBEHHBIM UCTOYHUKOM SHEPTUN
opxeTta. BosaMoXXHO akppeumsa ycunmBaeT MarHUTHOrO rnosie B0nmau
rpaB. paauyca 1 3To noJsie NOTOM U3BNeKaeT 3HEePruo BpaLleHud

Y.



NTorm (okoH4YaHune)

« T.K. bnasapbl 06f1agatoT O4EHb BbICOKOM APKOCTBLIO, TO MOTYT ObITb
BUOHbI HA DONbLWKX 2. ATO JaeT BO3MOXHOCTb U3MepsATbL Macchl Y[
Ha DONbLUMX Z N U3yYacTb UX IBOSOLMIO BO BPEMEHH



- Powercomes from = =

NECHEREUE
toward a

“} )

supermassive *%\ 3

black hole

« Some of this
energy fuels a et
of high-energy
particles that
travel at nearly the
speed of light

How black holes, which pull things in,
can produce jets, which shoot
material away, is still not fully

understood. It is probably related to
rotation and magnetic fields.



