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Rapid Variability in Blazar

Agarwal et al. 2023

' AR B R ) ' l‘ 71 J | 3 I 5R I LI I L ' L] ] LLELEL I LILJ ' 1 I,' Biil l I e l '_

Ferml LA —+— =} 7 min 2=

5720 | (96 min] —i— BB _| 14 = swift-xRT BB
T B J~ L 30 s binning + E
o (%) | — —
— B =78 min 4 3 12 - —
xg —r‘ 1€ E + R
3 210 ¢ | 1310 ¢ %
T -& : =46 m& : v - -
- I é) - (b) '=2.4 min + + 3]

L l LAl l LA L L l LA Ll l LA Ll l L 8 L1 l LA L l LA Ll 1 LA L L l LA L l—

(s]

Shukla et al. 2018

Ph/cm? /sec x[107" ]

0.1 0.2 0.3 0.4 0.185 0.188 0.190 0.193 0.195
MID (59331+) MID (59128+)
00
4a0r | 3 Minute Bin 200
30k ’% -_| ", - TO'U"_‘_
[7)]
,/
20F

10k

T4

AN {600
i
Y {500 %
g
™. 1400 &
o W
.
+-—. b i

lindex for this orbit
25 30 35 40
Time [Minute]:

45 50 55 60

{Since . 2017 April 19 03:00:00 UT ~ M)D 57862.125)

Blazars show variability less than size of
Black hole = Small y-ray emission region

(a) C D
Doeoof i i1 30 279: 100 MeV 5-min. bin
£ I 3-min. bin
E a00F h« m .
% 200F %q MH ]

o EJ 5 0 — 5

[Hours since 2015-June-16 00:00:00 (UT)]
(b) C D

__ 600f . ' 1 ' : >100 MeV, 3-min. bin ]
Poaof L T +++ o4ty ]
§ oo0f 4+ 5+ f + Jf“d“H ]
D- L min
r~ 0 b T LI B S B R B T L e B T B
"9 600 | + ++ - > 100 MeV, 2-min. b|n
= 400f + # ot 1 +
r 200} +++++ H+ t +++ ++ ﬂ

0 [ 1nnonnfnnnn o MY L. r

150

=0

20

100

[Minutes since 2015-June-16 02:00:00 (UT)]

' '11'0 ~20 130

4150

uIg/siunon

Ackermann et al. 2016



Location of y-ray emission
region in FSRQ?

Observed Fast ' Small emission |
. zone in Blazar !

variability in GeV/TeV
bands




Location of y-ray emission
region in FSRQ?

Observed Fast ' Small emission |
. zone in Blazar !

variability in GeV/TeV
bands




Location of y-ray emission
region in FSRQ?

Observed Fast ' Small emission |
. zone in Blazar !

variability in GeV/TeV
bands




Location of y-ray emission
region in FSRQ?

Observed Fast ' Small emission |
. zone in Blazar !

variability in GeV/TeV
bands




Location of y-ray emission
region in FSRQ?

Observed Fast ' Small emission |
. zone in Blazar !

variability in GeV/TeV
bands

INSIDE BLR:
Chances of gamma-
gamma photon
absorption from BLR
photon




Location of y-ray emission
region in FSRQ?

Observed Fast ' Small emission |
. zone in Blazar !

variability in GeV/TeV
bands

INSIDE BLR: OUTSIDE BLR:
Chances of gamma- Lack of seed photon to

gamma photon produce strong
absorption from BLR Compton hump
photon 9




Location of y-ray emission
region in FSRQ?

Observed Fast dsmall emission |
variability in GeV/TeV - zOMy in Blazar |
bands ' |

INSIDE BLR: OUTSIDE BLR:
Chances of gamma- Lack of seed photon to

gamma photon produce strong
absorption from BLR Compton hump
photon 10




Location of y-ray emission
region in FSRQ?

Observed Fast ysmall emission |
variability in GeV/TeV — . zOMy. in Blazar |
bands ' |

INSIDE BLR: OUTSIDE BLR:
Chances of gamma- Lack of seed photon to

gamma photon produce strong
absorption from BLR Compton hump
photon 11




Location of y-ray emission
region in FSRQ?

Observed Fast asmall emission |
variability in GeV/Tev . zOMy. in Blazar |

gamma photon produce strong
absorption from BLR Compton hump
photon




ldea

High Black hole mass
FSRQ

+

Possibily flaring for a
fairly long time

+

Improve photon
statistics



PKS 1424-418 | 2=1.522 | Mgy = 4.5 x 10°M 5
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Influence of Extragalactic Absorption??

background light (EBL)

z=1.522

M87 emitting a relativistic jet [Credits: Nasa]
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PKS 1424-418 (z=1.522)

Exploring the Origins of
Absorption signature at E =40 — 95 GeV xploring I8l

absorption feature
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Exploring the Origins of absorption feature

EBL absorption

1. Low state
EBL Models FIT well!

2. High state

Extra absorption
feature beyond 10 GeV in
addition to EBL model

E2dN/dE [erg cm~2571]

Fig: EBL absorption on intrinsic
spectrum extrapolated upto 100
GeV and compared with observed
spectrum for 15 EBL models

Intrinsic spectrum -- Low state
Intrinsic spectrum -- High state

o

Observed spectrum -- low state
Observed spectrum -- high state

10—10

T T T TTTT

1071

T T T T

10—12

TTTT

10—10

T T T TTTT

1071

T T T

10—12

Xog = 1.02 £ 0.01
Xog = 4.51 + 075

Xag = 1.3 £ 0.06
Xog =11.87 +1.22

o

Kneiske+ 2004 -- best fit

vl
T TTTTT

S

red

R N EET |
T T T T

sl

RN |
T TTTTT

T T T T

T T T

)

2 . =1.04 + 0.01
Xy = 4.74 + 0.81

3 Gilmore 2012 -- Fiducial

Xoq = 1.21 + 0.05
Xog =10.0 + 1.24

Gilmore 2012 -- fixed

LB R R LA | T T T

F xig =1.09 £ 0.04
Ty, =715+1.14

¥ xZ,=1.19 = 0.05
Ty, =94+123

F Kneiske and Dole 2010

BRI B L |

T T T

¥ x2g = 1.18 £ 0.05
¥ xl,=864+12

F Finke+ 2010

F X2 =125+ 0.05
¥ x2,=1026 + 1.23

T T T T

T T T T

F X%o =125+ 0.06
T x2,=1124 +123

F Frankenschini+ 2008

and Kashlinsky 201 F Inou

F X%y = 1.03 = 0.01
T x2, =443 %073

T T T

10710

T T T

1071

T T T T

Dominguez+ 2011

Xog =134 +0.12
Xog =3.61 +0.23

10_12§ Scully et al 2014 -- high Opac

Lol
T T T T

sl

'

T
5
ol

[l Ll

)

F Xfeo = 1.09 £ 0.03
[ X2y =7.14 = 1.14

E Scully et al 2014 -- Low Opacity|

Lol Lo Tl Lol

F Xfeg = 2.33 £ 0.34
1 42, =6.45+0.92

£ Kneiske+ 2004 -- high UV

F Helgason

F Koo =416 £ 0.4
F i, =1372+1.41

¥ Stecker 2006 -- baseline

L L mi Lol Loaa il

1071

10°

10t

102071

100

10! 10207t 100

Energy [GeV

10t

102071 10° 10!

]

1, Fxly =47 £041
T x2,=1561 =+ 1.42

100

10!



PKS 1424-418 (z=1.522)

Observational constraints
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M87 emitting a relativistic jet [Credits: Nasa]



L PKS 1424-418 (2=1.522)

Observational constraints
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Other possible origin
Fast variability

* Observed variability: 0.15 days

e Dissipation distance > 0.025 pc

* Observed highest energy photon = 65 GeV
* Location of emission zone at R > 0.45 pc

Accretion disk Influence
BLR Influence

0.45 pc




Other possible origin
Fast variability

* Observed variability: 0.15 days
e Dissipation distance > 0.025 pc
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Other possible origin
Fast variability

* Observed variability: 0.15 days

e Dissipation distance > 0.025 pc

* Observed highest energy photon = 65 GeV
* Location of emission zone at R > 0.45 pc
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Contribution from accretion disk?

More chances of tail on collision from accretion disk photon.

Pair absorption extremely unlikely
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Other possible origin
Fast variability

* Observed variability: 0.15 days

e Dissipation distance > 0.025 pc

* Observed highest energy photon = 65 GeV
* Location of emission zone at R > 0.45 pc

BLR Influence

RBLR =0.5 pcC

0.45 pc

Edge of BLR

Contribution from BLR?
1. The blob lies towards the edge of BLR

2. Low ionized molecular clouds reside at the edge of BLR

3. Absorption from 40 — 70 GeV could be from low
ionization Ha or Hf at outer edge of BLR.

4. Absoprtion from 10— 30 GeV could be from low
ionization hydrogen Lya or Ly continumm.
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Takeaways
Possible contribution from outer edge of BLR

* Emission region located at the edge of BLR as also observed by Stern and Poutanen 2014.

* The observed absorption at E > 10 GeV possibly because of low ionization lines located at the
edge of BLR.

* Prominent absorption feature present specifically during the high state of the source in contrast
to its absence in low flux states

* Powerful dissipation events within or at the edge of the BLR evolve into fainter gamma-ray
emitting zones outside the BLR.

e Similar flux resolved searches with improved photon statistics needed for other high mass Black
hole FSRQs.



Bl |ace ratae (Agarwal et al 2023, MNRASI)

Shift in broadband spectrum
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Thank you!!
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BLR cutoff + EBL absorption
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PKS 1424-418

FSRQ | 2=1.522 | Mgy = 4.5 X 10°M,

FSRQ are the most luminous blazars

Mostly constrained at high redshift.

Linear relation between Black hole mass (Mgy ) and disk luminosity

(Lg).

Disk luminosity is reprocessed into BLR luminosity hence, luminous

disk means luminous BLR.

Emission within luminous BLR

should result in cutoff in high
energy spectrum.
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Active galactic nuclie & Blazars

1. Active galactic nuclie have a luminous core. Emission from core dominate the emission
from galaxy.
2. Blazars — Specifically aligned AGNs with jet pointing towards observer.

high power

radio-loud (RL) AGN

radio-quiet (RQ) AGN
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Location of y-ray emission region in FSRQ?
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Variability estimate of size of emission: Detection of fast variability constrains emission region within BLR ( in Bl
lacerate, 3C 279, PKS 1222+216, CTA 102, PKS 2155-304) [Agarwal et al 2023, Shukla et al 2020, Nalewajko et al

2012, Hayashida et al. 2012]

1e-13

Detection of TeV photons along with fast variability requires emission region outside BLR to escape photon-
photon absorption [Ton 599, PKS 1222+216, 3C279, PKS 1510-089, PKS 1441+25 +] [VERITAS collaboration 2011]

However, Large Compton dominance in FSRQ necessitates proximity to region of seed photons.

Origin of gamma-rays in Fermi blazars found beyond Broad line region [106 Blazars] [Costamante et al 2018]
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Result
Possible contribution from outer edge of BLR

* Emission region located at the edge of BLR as also observed by Stern and Poutanen 2014

* The observed absorption at E > 10 GeV possibly because of low ionization lines located at the
edge of BLR.

* The presence of emission region towards the edge provides ample amount of H, and Hg lines
which have energy threshold of 40 - 60 GeV.

* High ionization lines, forming smaller angles at large distance have very little contribution to
observed absorption in contrast to the low ionization lines.

* Powerful dissipation events within or at the edge of the BLR evolve into fainter gamma-ray
emitting zones outside the BLR.

* Similar flux resolved searches with improved photon statistics needed for other high mass Black
hole object.
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Infrared image of Herbig-Haro 212 (HH 212)



Active galactic nuclie & Blazars

1. Active galactic nuclie have a luminous core. Emission from core dominate the emission
from galaxy.

2. Blazars — Specifically aligned AGNs with jet pointing towards observer.

radio-quiet (RQ) AGN
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