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NGC 1275 (3C 84, Perseus A)

Radio galaxy, Giant Elliptical Galaxy, FR I, Seyfert 2 (Narrow line)

z = 0.0176; D~75Mpc; Imas=0.34 pc = 4500R, 3C 84 is one of the brightest compact
Mgmay =(0.8-2)x10°Mg ! radio sources in the sky — long history

of radio observations
18'= 400 kpc

NGC 1265

NGC 1275
\ ]
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VLA (230-470 MHz)

Brightest cluster galaxy in Perseus

' Giovannini et al 2018




Current VHE catalog of Radio Galaxies

BH mass [108

Cen A NGC 5128 FR | 3.7 Mpc (0.5-1)

M87 N.GC 4486, FR | 16 Mpc (20-60)
Virgo A

NGC 1275 S FR | 70 Mpc 3-4
Perseus A

IC 310 B0O313+411 EaRCI/BL 80 Mpc 3[0.37]

3C 264 NGC 3862 FR | 95 Mpc 4-5

PKS FR I/BL

0625-35 OH 342 Lac 220 Mpc 10

Rieger & Levinson 2018 . 60 arcsec '
VERITAS detected 4—/
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NGC 1275 - VERITAS long-term monitoring campaign

Paper in preparation 4



VERITAS

The Very Energetic Radiation Imaging Telescope Array System

e An array of four 12m-diameter |mag|ng atmosp eric Cherenkov telescopes
* Located at the Fred Lawrence Whipp meu-;, n southern Arizona

Energy range: 85 GeV to >30 TeV oy res: )
Angular resolution: ~0.08 @




NGC 1275 - VERITAS 8 years of data

VERITAS analysis separated
into four states based on 8 year
lightcurve:

e Low state: <30 mean flux

e High:>30 mean flux (without

below flare points)
e Jan2,2017 flare
e Jan 3,2017 flare decline

Zoom in on 2016-17 season =

Flux
150 GeV - 30 TeV

Integral flux [cm—2 s71]
200GeV < E < 30TeV

(em=2571)
(x10710)

28-day binned VERITAS light curve
2009-2017 seasons
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NGC 1275 - VERITAS 8 years of data

VERITAS analysis separated o
into four states based on 8 year
lightcurve: -
e Low state: < 30 mean flux —
e High:>30 mean flux (without m:“
below flares) S
e Jan2,2017 flare =1
e Jan 3,2017 flare decline 2
e Observed events > TeV @
e Low state very soft 1
e Trend to harder when brighter R T v R
e Joint Log P fit between Fermi- REEEESE
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NGC 1275 - VERITAS 8 years of data

VERITAS analysis separated
into four states based on 8 year
lightcurve:

e Low state: <30 mean flux

e High:>30 mean flux (without

below flares)

e Jan2,2017 flare

e Jan 3,2017 flare decline

e Observed events > TeV
e Low state very soft
e Trend to harder when brighter
e Joint Log P fit between Fermi-

LAT and VERITAS spectra
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MWL context
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VERITAS sky maps
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VERITAS sky maps
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““Nagai et al. 2014

;Walker et al.2000

CHANDRA X-RAY A\
Chandra image by Fabian et al. 2006 /

\|vea 14 GHz image by G. Taylor
VLA RADIO

LUCY FORTSON | VERITAS NGC 1275
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Chandra image by Fabian et al. 20
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VLA 1.4 GHz image by G. Taylor

“Nagai et al. 2014

Walker et al. 2000
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Multiwavelength SEDs of Jan 2017 flare
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C3 is the brightest component observed by MOJAVE (k14)
e Fast moving component ejected from core in 2007
e ~3.5core flux at 15 GHz Dec 26th 2016

Nagai et al. 2014
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Multizone model: “Blob-in-C3”

BLR

3pc (Dblob ~ 360 Rblr)

. C3/k14

=T

BRREE 41 Model based on Hervet et al. 2015

e Consider blob within C3 at ~ 3pc from the core for an angle of 18 deg (Tavecchio et al. 2014,
Giovannini et al. 2018)

e Blob well outside the BLR, thermal External Inverse Compton (EIC) not favored

e ..butpossible strong EIC blob/C3

e Weak Doppler boosting: dyiop = 3 . 0cz = 2

15



Multiwavelength SEDs of Jan 2017 flare

MU|ti20ne mOdeI: “BIOb-in-C3” 3pc (Dblob ~ 360 Rblr)
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“The only possibility to fit the enormous luminosity [...]
would be an enhancement of the maghnetic field threading
the BH horizon.”

But need a gamma transparent BLR...
No modeling performed. )

4 Blob-in-C3

BLR

0 Rblir)

i  —Gaas
SMBH e "”"""\m,j“ 4 deg

Blob '*

Accretion disk -

-

Y

* Geometrically constrained
* Would quickly reach its

model \

Good SED fit and fast
variability with a relatively
low power budget

limits for a larger angle

J

/ Tavecchio et al. 2014: “spine-layer”

Produces good SED fit but requires low variability
(>1 week for previous NGC 1275 study)

&L,
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L|nk between gamma ray orlgln and radlo evolution?
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Hotspot associated with C3 enters ’frustrated” phase for 1.3 years during period of increased
gamma-ray flux

2. New component (FW) seen emerging towards end of frustrated phase in data 3 months after
Jan ‘17 VHE flare

Could this help explain lack of simultaneous x-ray flare?




e VERITAS long-term monitoring of NGC 1275
o Enables comparison of low/high VHE states

o Compiled unprecedented multi wavelength data set over 8 years

e January 2017 flare
o 150% Crab (MAGIC) -> 60% Crab (VERITAS, MAGIC)
o Simultaneous VHE, HE and X-ray data point to orphan gamma-ray flare
m Apparent delayed flare in X-ray is still puzzling
o Multizone blob in jet model can account for ~day-scale evolution of SED with moderate angle to
line-of-sight (18 deg)
m  Model difficulties beyond 18 deg - published range for NGC 1275 up to 65 deg

e Goal: Radio Galaxies as mis-alighed “blazars” for improved understanding of jet physics
o The origin of VHE emission from radio galaxies is still not clearly understood, contradictory
observations:

m Large angle with the line of sight = weak (no) Doppler boosting
m VHE production & fast variability = significant Doppler boosting

Precise estimation of radio galaxy pc-jet direction is critical
19 for understanding the origin of gamma-rays



