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Fermi Large Area Telescope 3FGL catalog

AGN-Blazar Galaxy/Starburst Galaxy

AGN-Non Blazar AGN of Uncertain type

PSR
PWN

Globular Cluster Other galactic p rellm’nary

Credit: Fermi Large Area Telescope Collaboration

AGN is the most dominant gamma-ray source




Gamma-ray emission from AGNs ICRR ).

University of Tokyo

AGNs with relativistic jet

Inverse-Compton scattering
by electrons in the jets

Radio no relativistic jet
Blazar @gglaxies (Seyferts, starbrust, galaxies)
*low power BLLac FRI p+(n)->m0->2y
< high power FSRQ_ FRII see NGC253 model talk

small viewing angle  mis-aligned by T.Venter in the next session

-> relativistic beaming blazar ? .
9 see also Circinus galaxy

« extended lobe (Hayashida+13, ApJ, )
(e,g, Cen A: Abdo+10, Science) :



Outline )
* where is the gamma-ray emission site?
* what is the acceleration mechanism?

* what is the dominant component in jet?

» do the GeV and TeV emissions originate
from the same site/component?

— new 3C 279 results (as example)

» future gamma-ray observations
— Cherenkov Telescope Array



T 7 ICRR.
blazar zone i B w

where does y-ray emission arise in relativistic jets?

R photon (fast variability

Broad emission in BL Lacs)
accretion W lineregion (BEL)
disk _Near-side?
' (1 015-16 cm)
or
Y Far side?
18-19 cm)

(TeV detection
from FSRQs)

a few pc
(~10° R,)



Far side ? (optical polarization) *%....

Helical magnetic field ? bent jet ? (3C 279)

© Nature, vol436, 887 (2010) A.Young
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Flux, FE() (arbitrary units)

near side? (absorption feature) L)

(Putanen&Stern10, ApJ) (Stern&Poutaneni14, ApJ)
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but,,, contradiction! (PKS 1222+21)

« PKS 1222+21 (z =0.432), 2nd TeV FSRQ
* One night detection (June 17th 2010) by MAGIC
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Good conjunction between
Fermi and MAGIC spectra
-> should be outside of BLR

not compatible in the simple (conical) jet model!!

Very fast (~ 10 min scale) variability
-> should come from a small region




3C 279 activity for 6 years ICRR, ...

« 2008 August — 2014 August measured by Fermi-LAT
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Note: Sun occultation (on October 8) 2013/11/19 — 201 4/04/28
- pair halo search, axion-like particle (MJD 56615 — 56775)

(Fermi coll. (Barbiellini+)14, ApJ, 784, 118)

Gamma-ray flare activity reported in Atel
« 2013/12/21: #5680 Fermi LAT detection of a GeV flare from the FSRQ 3C 279
« 2014/04/01: #6036 Fermi LAT detection of renewed GeV activity from blazar 3C 279




Fermi-LAT light curve
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Flare profile

ICRR

Institute for Cosmic Ray Research
University of Tokyo
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short time variability in FSRQs (8K
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see the talk by M. Barkov in this session

PKS1510-089 (Saito+13 ApJL)
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LAT Spectrum ICRR ..

University of Tokyo
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Hard spectra in FSRQs

ICRR

Institute for Cosmic Ray Rescarch
University of Tokyo

3C 279 (this Work)

Fermi 2nd AGN catalog (2LAC)
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Multi-band light curve L)
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Energy [eV]

o to 1 108 108 109 leptonic model
v | . .
1078 g_ 2009 flare +ﬁv _5 104 C0n|Ca| Jet
[ B - ﬁ v (Moderski et al. 2003)
'? 10'95— D e * ﬁzﬁ 3 1048
N : s o S.  Model parameters
£ 100} #,f i — constrained based on
. : : o N . vT = Nalewajko+14, ApJ
L1011 | 74 F10% T
e ; ’ “F- «"ﬁ. — fast variability: (tvar=2h)
S gl g  small emission region,
= o preliminary : R(size)=4.5x10"> cm
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« G=20

Masaaki Hayashida (ICRR) at Hiroshima, Japan 16



o

emission model for Period B (XA,

Energy [eV]

[i-s 8ua] “Tn

109 1012 1015 1018 102! 1024
Frequency: v [Hz]

hard index (y-ray band) in the fast cooling regime

— required very hard index for electron injection spectrum: =1
Gamma-ray emission site should be inside BLR (< 0.1 pc)
very matter dominated jet: Lg/L; ~ 10

no optical counter flare: vy, ., = 3700: GeV-TeV origin?



o

emission model for Period B (KR,

Energy [eV]

[i-s 8ua] “Tn

1080 1012 1015 1018 102! 1024
Frequency: v [Hz]

hard index (y-ray band) in the fast cooling regime

— required very hard index for electron injection spectrum: =1
Gamma-ray emission site should be inside BLR (< 0.1 pc)
very matter dominated jet: Lg/L; ~ 10

no optical counter flare: vy, ., = 3700: GeV-TeV origin?



hard (a<2) electron index ICRK. ..

d : injected electron index
g = 2: standard shock (Fermi-l) acceleration: foo soft!!

<possible solutions>

Stochastic Acceleration (Ferm| 1) maqnetlc reconnection
A CAR L ﬁr | (Giannios+09)

, PRL)

107 10® 10° 10" 10" 10" 1021 o0

(Asano+14,4p)) =
see also Asono’s talk on Monday o

do they work for FSRQ jets? o

10z To 109 0 102 03 19



o

emission model for Period B (XK.

Energy [eV]

[i-s 8ua] “Tn

1080 1012 1015 1018 102! 1024
Frequency: v [Hz]

hard index (y-ray band) in the fast cooling regime

— required very hard index for electron injection spectrum: =1
Gamma-ray emission site should be inside BLR (< 0.1 pc)
very matter dominated jet: Lg/L; ~ 10

no optical counter flare: vy, ., = 3700: GeV-TeV origin?



where is the emission region? <X

3C 279
2013-14 (this work)
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a few pc (outside BLR) 0.03 pc (inside BLR)

emission site is not unique!



10910 (VF,)ops (€19 s cm'z]

ICRR,

Multi-components for gamma-ray emission st o s

Just examples
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A1 |

-13

PKS1424-418 (z=1.522)
2008-2011 (Buson+14)

PKS1510-089 (z=0.31)
2011 (Nalewajko+1 2)
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See also Fink&Demer+10 for 3C454.3
and many other works
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o

emission model for Period B (XA,

Energy [eV]

[i-s 8ua] “Tn

109 1012 1015 1018 102! 1024
Frequency: v [Hz]

hard index (y-ray band) in the fast cooling regime

— required very hard index for electron injection spectrum: =1
Gamma-ray emission site should be inside BRL (< 0.1 pc)
very matter dominated jet: Lg/L;, ~ 10™

no optical counter flare: vy, ., = 3700: GeV-TeV origin?



Regions of AGN Jet Propagation

Modified from Graphic

Jet Launching Jet Collimation Region . .
Region (10 —100 x Launching Region) courtesy David Meter

Alfven Point
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\ stow SR,
MS Point ki A 1‘1{\
e
Poynting Flux Dominated d Kinetic Energy Flux Dominated
CD Unstable ) with Tangled (?) Field
Magnetic Helicity Combined CD/KH
Unstable Region KH Unstable Velocity Shear Driven Region

Driven Region

slide by Y.Mizuno



Poynting flux dominated? ICRR
particle-dominated? SRR

* if jet is derived by the magnetic field
(Blandford-Znajek process) ,,,,

~ jet should be Poynting-flux dominated jet < 10°r, (= inside BRL)
» Leptonic models can explain well broad band SEDs both
cases for inside and outside BLR

— the results (always?) suggest matter-dominated jets
(or some models with equipartition
see e.g., Dermer+14, ApdJ, 782 for 3C279)
« Hadronic models require stronger magnetic fields (10-100 G)
than the Leptonic models (0.01-1 G), but also requires high
power of relativistic protons (104749 erg/s: Boettcher, Rimer+13, ApJ,)

any other approaches to estimate U,; /Ug?



U_/Ug at the jet base of M87 LCRKL.
(Kino+14, ApJ786,5)  Alowed B v reqion

Allowed B, v,... region

Relative Declination (mas)

U, . 8 k(p)Ee_lll)];f ( D )_l (Vssa,obs>_2p_13 (LJ=5X1 044 el’g/S, p=3)
Ug 3b%(p) (p—2) 1 Gpc 1 GHz — —
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X ( 1 mas) ( 1Jy ) (1—+Z> - Excluded
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| | | | | | | ::43GHZ i
kIe1sPal core detectionm mission) -
Jv_0bS =v_Ssas,
| (at T, =1)
1 /1 I /1 \
| 8 AUMpers.: \WAY ‘1..1 1\ p‘
—  10Re J GFWHM~O1 1 maS 6
I (vell determined) | F TR T TR
Relative Riaht Ascension (mas) e.min

see more details of the M87 observation talk by K.Hada in AGN Il
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o

emission model for Period B (XK.

Energy [eV]

[i-s 8ua] “Tn

1080 1012 1015 1018 102! 1024
Frequency: v [Hz]

hard index (y-ray band) in the fast cooling regime

— required very hard index for electron injection spectrum: =1
Gamma-ray emission site should be inside BRL (< 0.1 pc)
very matter dominated jet: Lg/L; ~ 10

no optical counter flare: y, ., = 3700: GeV-TeV origin?



GeV-TeV : the same origin (FSRQ)? ICRR.

Umc l) fT yo

PKS1 222+2 l) (MAGIC Coll. ApJL 2011)

3 (4) TeV FSRAQs: %

° SC 279 (Z=0536) ?%-6.5: El =
(TeV detection after Fermi launch) £ = EPN-

. PKS 1222+21 (z=0.432) _Bj;’é g

+ PKS 1510-089 (z=0.36) R

smooth conjunction S T s e s

between GeV and TeV emission PKS1510-089 (MAGIC collab. AZA )

- one component : S

« S§30218+357 (z=0.944): new
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see the case for S3 0218+35, 5004000 N\
the most distant new VHE blazar T MAGHE:
talks by D.Mazin in the next session .|
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ICRR

] = 9
in classical HBL
| University of Tokyo

quiescent (broad) + flaring (narrow) components

. Mrk421 MW 2010 .
"3‘10 %ll || || II || || || II II || || || || || || || || I| II )
§10°L 2-zone = quiescent +flaring
s F 7
e j

1010:5
10" /
107 7{
10" - /
= &
10'14_ / component

1078 .1/|| AT Ny N
10° 10” 10" 10"® 10* 10* 107,

see talk by D.Paneque
in the AGN lll session

X-ray by Suzaku in 2006
(Ushio,,,MH+09)

log vF, [erg s™' em™?]

11l Lol [N TP I I EPPOY B S T NI
05 1 5 10 50 05 1 5 10 50

Energy [keV] Energy [keV]
total
quiescent
flaring
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E"dN/dE [erg cm s |

o ICRR

extra-high energy component? e

PKS0426-380 (z=1.1)

2 VHE (>100GeV) events detected

10" F

—
o '

10

(Y.Tanaka+13, ApJ)

—
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[ ]
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Broken PL model

= - EBreak=8°0+/'o°9 GeV

[ow=1.91+/-0.04
rhigh=2.72+/-o. |7

I\IIII 1 1 I\Ill\l 1 1 l[lllll

Observed E
EBL corrected (Franceschini et al. 2008) .
EBL corrected (Inoue et al. 2013) 1

log(EdN/dE(erg cm™2s7'))
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for more radio galaxies
see talks by Y.Fukazawa
and by l.Edahiro

in the AGN Il session
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* where is the gamma-ray emission site?
— both inside and outside BLR (near and far)

 what is the acceleration mechanism?
— not only shock acceleration (Fermi-I)

e what is the dominant component in jet?
— jet simulation: Poynting-flux dominated (< 10° r,)
— emission model : matter dominated,
— VLBI observations (core detected) can be also used

« do the GeV and TeV emissions originate from the same component?
— Seems not always (not established, yet,,,)
— quiescent + flaring, extra-high energy component,,,,,,

For more details studies of blazars
—  Cherenkov Telescope Array



The Cherenkov Telescope Array

Core-energy array: High-energy section:

in the 100 GeV-10 TeV
domain

4 x 23 m tel. (LST)
(FOV: 4-5 degrees)
energy threshold
of some 10 GeV




Differential Flux E2dN/dE (erg cm? s

Performances: Fermi-LAT and CTA ICRR

sensitivity Funk & Hinton (2013)
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Japanese contributions : LST L)
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Japanese contributions : LST SRR,
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Japanese contributions : SCT CRX, .

Camera
FOV: 8deg
11328 pixel

Secondary mirror (D=5.42m)

P Primary mirror




feasibility of blazar observations

ICRR

In ltlf Cosmic Ray Research
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Based on Fermi-LAT results
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ICRR

capability of variability observations ..o
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Summary

* Fermi-LAT detected thousands of AGNs
(blazars) and have revealed details of jet
emission physics
— no unique solution for the y-ray emission site

* it could change event by events
— what is the dominant component in jet?
» sub-mm VLBI also useful tool for Ug/U,

* need Fermi in the CTA era for more AGN

studies (after 2020~)



