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High Energy Stereoscopic System

= | ocated in the Khomas Highland,
Namibia

1800m a.s.l.

4 telescopes with ~ 12 m mirrors
1 telescope with ~ 28 m mirror

= Monitoring of blazars:

= Several observations per month
for some years

= PKS 2155-304 (since 2004)

= PKS 1510-089 (since 2015)

H.E.S.S. since 2012
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PKS 2155-304: Introduction

= High-frequency peaked BL Lac
_ object
+ = Redshift z=0.116

= Detected at VHE in 1999 by the
Durham Group
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PKS 2155-304: Introduction

= High-frequency peaked BL Lac
object
= Redshift z=0.116

i i = Detected at VHE in 1999 by the
Durham Group

! \ Lo = Observed with H.E.S.S. since
+ | 2002 (4-telescope data since
: 2004)
»g i | = Detected in every observation run
'i + (tun ~ 28 min)

= Strong flare in 2006 (~ 100 x
°°°°°°°°°°°°°°° brighter than avg)
= Variability even in low state
= Based on work by Jill Chevalier

(H.E.S.S. Collaboration et al., arxiv:1610.03311)
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VHE lightcurve (nightly avg) of PKS
2155-304 since 2004 (excl. flare)
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PKS 2155-304: Long-term variability

= Data from 2004 to 2012, excl.
2006 flare, tje ~ 330 hrs

= Only mild indication for speciral

’ | variability
| = Clear flux variability:
{ b - = Fyor = 0.66 £ 0.01
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0000000000000000000000000

VHE lightcurve (nightly avg) of PKS
2155-304 from 2004 to 2012 (excl. flare)
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PKS 2155-304: Long-term variability

= Tprr 3 = Data from 2004 to 2012, excl.
§ ef HESS E 2006 flare, tj,e ~ 330 hrs
2 sf -+ 1 = Only mild indication for spectral
& af / 4 variability
aF Y~ 3 = Clear flux variability:
2k L - - * Fyo = 0.66 4 0.01
iE - = Excess RMS follows a linear
Qlevr e eg bl trend, i.e. variability correlates
(10" em? s with flux

Excess RMS vs flux (20 nights per bin)
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PKS 2155-304: Long-term variability

Occurence per bin
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T m Data from 2004 to 2012, excl.

4 2006 flare, tje ~ 330hrs

= Only mild indication for speciral
variability

= Clear flux variability:

E = F, = 0.66+0.01

1 = Excess RMS follows a linear

] trend, i.e. variability correlates

1 with flux

1 = Flux follows a log-normal
distribution

log® (mZs")
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PKS 2155-304: Long-term variability

= Variability characterized by

1o power-law noise
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PKS 2155-304: Long-term variability

= Variability characterized by
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PKS 2155-304: Long-term variability

[Frequency fin doys” = Variability characterized by

1.0 power-law noise
05 = Index: 3 =1.107013 (flicker
o ¥ noise)
¥ = Similar but weaker trends at HE
g —0sp as observed with Fermi
= ol = The quiescent state is
_ characterized by
e = variability, i.e. fluctuations around
Time lag = in days an average state instead of a real
First-Order Structure Function vs. time “grognq Ieyel” _
lag in days (red), Simulation (blue) = multiplicative (self-boosting)
processes
= —> Variability could be related to
accretion disk processes
= Similar trends for the 2006 flare
(— broken PSD)
N
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PKS 1510-089: Introduction

= Flat Spectrum Radio Quasar

= Redshift z = 0.361
= Known for complex MWL
behavior
VHE lightcurve of PKS 1510-089 from
2009 to 2015 (nightly avg)
\]
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PKS 1510-089: Introduction

= Flat Spectrum Radio Quasar
= Redshift z = 0.361
= Known for complex MWL
behavior
\' | = Detected at VHE in 2009 with
H.E.S.S.

’k | = Intensified monitoring since 2015
with H.E.S.S. I
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PKS 1510-089: Introduction

= Flat Spectrum Radio Quasar

= Redshift z = 0.361

= Known for complex MWL
behavior

\' | ® Detected at VHE in 2009 with
‘ H.E.S.S.

50GeV) [phicrtis]

= |ntensified monitoring since 2015
with H.E.S.S. I

= Variability at VHE only
established with 2015
observations

= HE.S.S.: arXiv:1611.02098

= MAGIC: arXiv:1610.09416

VHE lightcurve of PKS 1510-089 from = Analysis of data ongoing
2009 to 2015 (nightly avg)
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PKS 1510-089: Long-term behavior

= Strong variability in VHE and HE
bands
» FHE—-1.0£0.2
= TVHE — (0.6 £0.1)d
= FHE =117 £0.01
» THE = (0.74+0.2)d
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VHE and HE lightcurve of PKS 1510-089
from 2009 to 2015 (nightly avg)
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PKS 1510-089: Long-term behavior

= Strong variability in VHE and HE

bands
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VHE vs HE flux scatterplot of nightly
binned fluxes for data between 2009 and
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PKS 1510-089: Long-term behavior

= Strong variability in VHE and HE

0.6
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= No obvious correlation between
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VHE-HE cross-correlation using nightly

binned fluxes for data between 2009 and
2015
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PKS 1510-089: Long-term behavior

= Strong variability in VHE and HE

0.6

bands
* = FOE=10+0.2
s = TVIE = (0.64+0.1)d
B , = FHE =117 £0.01
= THE = (0.7+0.2)d
= No obvious correlation between
the VHE and HE bands
| = Disadvantage at VHE: Big gaps

=10 =5 0 5 10

a9 in data, Source not easy to detect

VHE-HE cross-correlation using nightly
binned fluxes for data between 2009 and
2015
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PKS 1510-089: Monitoring in 2015

SEsEE T T Strong variability in VHE, HE
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index evolution of PKS 1510-089 in 2015
(nightly avg)
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PKS 1510-089: Monitoring in 2015

= Strong variability in VHE, HE

+ bands
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VHE vs HE flux scatterplot of nightly
binned fluxes of 2015 data
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PKS 1510-089: Monitoring in 2015

0.8

= Strong variability in VHE, HE
05 — bands
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binned fluxes of 2015 data
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PKS 1510-089: Monitoring in 2015

= Strong variability in VHE, HE

+ bands
e ' = FE=11+£0.2
| _ = TVIHE = (0.640.1)d
| —+ = FHE =0.81+0.01

= THE =(0.740.2)d

H.E.5.5. F(E>150GeV) [ph/cnis]

min
= F"d — .05+ 0.01
. S— e 1 = Gaps and detection in VHE

monitoring still problematic

= No obvious correlation between
the VHE and HE bands

= There seems to be a trend that

_ _ the HE index is harder for higher
VHE flux vs HE index scatterplot with
VHE flux

nightly binning of 2015 data
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PKS 1510-089: Interpretation
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PKS 1510-089: Interpretation

wul H.ES.S. PRE | | | = One-zone model behavior would
T + o 4 I imply more obvious correlation
S H R A MU : :
| = VHE detection during a flare
seae [ e oo ’ | ! implies a flaring region at the
ol . ' outer edge or beyond the BLR
g se06 | ’+ . . .
el .. V’ﬂ* «t" .| = Pastbehavior resulted already in
T ety L et T AN Y different interpretations:
ST j = HE bump a combination of IC/BLR
R 1 T SR - TR NY | (R and IC/torus
R ‘- iy g ._.-_1-‘.- VAT A -,."_:_; 4 (A&A, 567, A113)
Bt Ly A L R LR L = 2 separate zones necessary

(ApJ, 760, 69; MNRAS, 431, 824)
= Modeling required to derive more

details
VHE and HE lightcurve and HE specitral

index evolution of PKS 1510-089 in 2015 " L0g-normality claimed in the
(nightly avg) optical, X-ray and HE band
(ApJL, 822, L13)
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Summary

VHE monitoring with H.E.S.S. re-

FESETTTTTTT ] sulted in several key findings:
REI " PKS 2155-304
£ le-10 - t ¢ . . . .
= %' % h ¥ 6 k" _ = Detection of VHE log-normality in

LI A - ¥ a low-state HBL

= Detection of a broken PSD
VHE lightcurve (nightly avg) of PKS . Jgt behavior Ilnrlged to accretion
2155-304 since 2004 (excl. flare) disk processes*
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VHE lightcurve of PKS 1510-089 from
2009 to 2015 (nightly avg)
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VHE monitoring with H.E.S.S. re-
sulted in several key findings:
= PKS 2155-304

= Detection of VHE log-normality in
a low-state HBL

= Detection of a broken PSD

= Jet behavior linked to accretion
disk processes?

= PKS 1510-089
= Highly variable at VHE
= Minimum VHE variability time
scale less than a day
= No obvious correlations with HE
emission
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Summary

VHE monitoring with H.E.S.S. re-

T
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ST sulted in several key findings:
et | = PKS 2155-304
= . % % ' ﬁ* . = Detection of VHE log-normality in
i}; WP T My #’-' } a low-state HBL
ey e = Detection of a broken PSD
VHE lightcurve (nightly avg) of PKS . Jgt behavior Ilnrlged to accretion
2155-304 since 2004 (excl. flare) disk processes*
S S = e ® PKS 1510-089
;‘ - = Highly variable at VHE

scale less than a day
00000000000000000000000000000000000000000000000000000000000000000 = No obvious correlations with HE
emission
VHE lightcurve of PKS 1510-089 from
2009 to 2015 (nightly avg)
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mu' : = Minimum VHE variability time

= Monitoring continues
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Summary

Thank You!

This work is based upon research supported by the National Research Foundation and Department of Science and Technology. Any opinion, findings and conclusions or
recommendatlons expressed in this material are those of the authors and therefore the NRF and DST do not accept any liability in regard thereto.
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Backup: Equations

= Fractional Variability: Fyar = /S? — 62,/
S: Variance, oo,. mean error, ¥: mean flux

Excess RMS: oy = 1/S? — 02,

Structure Function: SF(7) = (1/N) Z,’\; [IN®(f) — Ind(t; + 7’)]2
for N pairs of times [t;, tj + 7]
= Minimum Variability time: Ty, = ((®1 + P2)/2) X |l — t1|/|P2 — ®4]
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Backup: Absorption in PKS 1510-089

E%*Flux [erg/cmé/s]

~v-ray spectrum of PKS 1510-089 during
the May 2015 flare arxiv:1611.02098

01f

0.01 oo = 8.48+17 cm

1
17.6 17.7 17.8 17.9
log (r [em])

18 18.1 18.2

Expected absorption of VHE emission by
BLR radiation arxiv:1611.02008

\
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Fermi spectra compatible with
log-parabola

Fermi extrapolation not
compatible with H.E.S.S.
spectrum

Under the assumption that the
H.E.S.S. specitral points are the
result of an absorbed power-law
of the Fermi spectrum, the
emission region can be placed
within the BLR

The variability time scale locates
the emission region outside the
BLR

Emission region most likely
around the edge of the BLR
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Backup: The 2006 flare of PKS 2155-304

] = Evidence for different excess
RMS correlations

] = [ow: oy ~ 0.60

= flare: oy ~ 0.3

Oys (10" em2 s

%\
+

0 1 2 3 4 5 6 7 8 9 10
@ (10" em2 s

Excess RMS vs flux (20 nights per bin)

uD-' 0.5 1 1.5

i 2 _ 28
Mean Flux & (10" em? ')

Excess RMS vs flux of the 2006 flare
(4min per bin) (aza, 520, As3)
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Backup: The 2006 flare of PKS 2155-304

= Evidence for different excess

j RMS correlations
3 E n IOW. O-XS ~ O6q)

= flare: oy ~ 0.3
= Evidence for 2 log-normal states

............................

Log-flux distribution (nightly fluxes, excl.
2006 flare)

rril T
115 -11 -105 -10 -95 -9 -85 -8‘
log & em™ %)

Log-flux distribution (run-wise fluxes, all
runs 2005-2007) (asa, 520, As3)
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Backup: The 2006 flare of PKS 2155-304

= Evidence for different excess
RMS correlations
= [ow: oys ~ 0.60
m flare: oys ~ 0.3

Evidence for 2 log-normal states

Mormalized log SF

, = Evidence for different power-law
e foa 7 dere. noise states
First-Order Structure Function vs. time = low: 3 = 1.10t8;18,
lag in days (red), Simulation (blue) m flare: 5 =2.0+£0.2
Nt m Break time: 3hr< 7 < 20hr
¥,
0s | IH
“I .-N-"",ﬂ' /‘*‘\ ) ;1
First-Order Structure Function vs. time
lag in seconds (asa, 520, As3)
\J
Qqq M. Zacharias . H.E.S.S. Monitoring of Blazars . Monitoring Workshop . 07.12.2016 15/15

H.E.s.S\J



Backup: The 2006 flare of PKS 2155-304

Frequenc in days™
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Time log 7 in doys

First-Order Structure Function vs. time
lag in days (red), Simulation (blue)
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First-Order Structure Function vs. time
lag in seconds (asa, 520, As3)
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Evidence for different excess

RMS correlations

= [ow: oys ~ 0.60

= flare: oy ~ 0.3

Evidence for 2 log-normal states

Evidence for different power-law

noise states

= low: 3 =1.10"913

= flare: 3 =2.0+0.2

= Break time: 3hr< 7 < 20hr

Interpretation:

1) Differences are stationary (seenin
Seyfert and radio galaxies)

2) Quiescent and flaring state have
different origins

= Variability could be related to

accretion disk processes
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