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A brief history of the Universe

* Hyerarchical structure formation
— Mergers

Dark Energy

Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of

Galaxies, Planets, etc.

about 400 million yrs.

Big Bang Expansion

13.7 billion years
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Periodicity and SMBH binaries

* Binaries (sub-pc systems): indirect search
— Double or asymmetric spectral lines (but Liu+2015 arxiv:1512.01825)
— Helical, distorted jets; TDE dips in ligh-curve
— Periodic light-curve

> Observational evidence important to solve the theoretical
“final pc” problem
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Periodicity and SMBH binaries

* Binaries (sub-pc systems): indirect search

— Periodic light-curve

SMBH interpretations

' Periodicity 2 binaries
« PG 1302-102 z=0.278 vl * Sillanpaa+1988
| T ~5years { ' » Lehto&Valtonen 1996

\

e Fanetal. 2002

. ‘.‘ \ i .' * Raiteri+2001
; ’ t ¥ I * Rieger 2004
W

e Liuetal. 2006
e Graham+2015
* Sandrinelli+2014 (opt+y)

Graham et al. 2015, Nature 518

Quite some claims of periodic AGN lightcurves and binary

0J287 T~12 yr

(ot e

The 2015 outburst of the OJ287 blazar



Periodicity and SMBH binaries

> Reliability of AGN Periodicity
— Yearly periodicity over ~Myr activity
* QPO (quasi-periodic oscillations)

— The significance of any apparent periodic
variation depends on what assumption is made
about spurious stochastic variability.

> AGN periodicity - binary BH system?
— Different plausible models with single SMBH



PG 1553+113

 Blazar, radio-loud, HBL
— Uncertain redshift z~0.5

PG1553+113 Ra=238.93000 deg Dec=11.18917 deg (NH=3.6E20 cmA-2)

— Hard spectrum in Fermi/LAT

Danforth et al. 2010, also Abramwoski et al. 2015 ;
Well established y-ray = |
emitter and TeV source ¢ i 4

3" AN

Galaxy and QSO
template z=0.5

* Dominant non-thermal
emission from the jet

Rantair X

- Raiteri, AS, et al. MNRAS 2015 GeV TeV
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PG1553 periodicity in Fermi/LAT

First clear detection of y-ray periodicity in a BL Lac

— 3.5 cycles over ~7 years
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PG1553 periodicity in Fermi/LAT

* Periodicity analysis: Power Density Spectrum (E>100 MeV,
600s time bin)

— Period y: 2.16+/-0.08 yr
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PG1553 periodicity in Fermi/LAT

* Periodicity analysis: period and significance
— Period y: 2.18+/-0.08 yr

— < 1% random fluctuation from LSP (red noise spurious model)
— ~1% chance probability of random line up of 3.5 peaks
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PG1553 periodicity: MWL

MWL.: optical, radio, X-ray
— X-ray (XRT) too sparse

Optical Periodicity analysis (over ~10 years, ~4.5 cycles)
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PG1553 periodicity: MWL

MWL.: optical, radio, X-ray
— X-ray (XRT) too sparse

Optical Periodicity analysis (over ~10 years, ~4.5 cycles)
— Period y: 2.05+/-0.05 yr
— < 5% random fluctuation from LSP (red noise spurious model)
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Interpretation of periodicity

PG1553+113 dominated by =
non-thermal emission from the jet. :. /

Atek" +(MAGIC Coll.) 2012

Periodicity may be the result of:

* Processes at the base of the jet mducmg
quasi-periodic oscillations

 Geometrical effects on the jet
< Binary and SMBH can be invoked



Processes at the base of the jet

* Accretion rate perturbations model

— milli-pc system: gravitational wave driven
inspiral stage!
* claims on other sources, e.g. PG1302-102 Graham+2015
or OJ287 sillampaa+1988,Lehto&Valtonen 1996

PG 1553+113

Period

PPYYY v 1 SN IVRSRFRRN N - ] g
6 65 7 75 8 85 a 95 10

BH mass Sillampaa et al. 1988, ApJ 325



Geometrical models

« Variation of jet viewing

angle > doppler factor 2_ le
~40% > ~3y-rays, 1° ”__'>;
. Jetprecession (inducedby | % 7
the binary system)
— Torec ~ 600 yr Begelmann \ N
et al. 1980 MUY g M,

— Possible beaming effect
Tobs = Tint/T'? Rieger 2004, apu 615 %~



Alternative models

Jet feeding

* QPO from warped disk
e.g. Nealon+2015

* QPO from choking of
magnetic arrested disk
(MAD, Tchekhovskoy et al. 2011)
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Alternative models

‘A
\
Jet feeding Geometrical \ ? o
* QPO from warped disk * Helical jet (QPO) ]
e.g. Nealon+2015 Villata&Raiteri 1999
* QPO from choking of « Jet precession (BH-spin,\
magnetic arrested disk Lense-Thirring), rotation \<
(MAD, Tchekhovskoy et al. 2011) Long periods expected
) T ' | I | : | ' ! accretion rate 16
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601 (f) ; ; e _ 6o
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Major Atmospheric

Gamma Imaging

Cerenkov Telescopes



The MAGIC Experiment

Active from 2004

In stereo configuration since 2009

New MAGIC1 camera since 2012

New mirrors for MAGIC 1 from august 2014
At least 5 more years foreseen

2x17m diameter (A=472 m?
~* High resolution cameras (PSF ~0.06°, FoV = 3.5°)
4+ Hemispherical PMT with enhanced QE

] .". - A

- Fast repointing capability:*~8'degree/s
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s MAGIC sensitivity

Mono (2005) —fll— Stereo Upgr. (2013) <

voers MONO (2008) = Stereo Upgr. Zd 30-45, (2013)

10 R ,- ........ —— Stereo (2010) -~(.~

Integral sensitivity (5¢ in 50h) [% C.U.]
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Aleksic¢ et al. (MAGIC) Astropart.Phys, 72, 2016
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Exploring CRAB with MAGIC

Gamma Imaging

Systematic uncertainty (MAGKC)
CRAB Nebula: | o MAGIC st (e o
10°} | seemes Log parsbola fit (FermisMAGIC)
MOGH, 10g-Daraboia T (FermisMAGIC)

e Fetmi-LAT ApJ 749 (2012)

* High precision energy spectrum: 50 GeV to
~30 TeV, 5 bins per decade.

e Observations at E > 80 TeV (high-Zd) are
allowing the K-N regime exploration.

* Combined fit with Fermi data yields the most
precise measurement of the IC peak: 52.5 +/-

"
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w”f Aleksic et al., A&A 565 (2014) L12

1.6 GeV 10" 1 10 0 10’ E}g‘ev)

CRAB Pulsar: | "B x| N | e
§ 10 et e B ] =

« First detection of Crab Pulsar at VHE 2 o }MM“WW"M”?*';;* | "

back in 2008 (E>25 GeV). s I NN
« 320 hours of observation: detection w :* P2

above 400 GeV; spectrum extending * R ‘ AR

up to TeV energies. . ST \ P1
* A VHE emission “bridge” up to 400 e waace?

GeV 100 : T— 0

Energy |GeV]

Ansoldi et al., A&A 582 (2016) A133



Major Atmospheric

Gamma Imaging

Flaring activity with ultra-fast variability (< 5 min) detected in 2012

=> sub-horizon variability challenges shock-in-jet models.
Possible scenarios:

- mini-jet

- jet-cloud interactions

- magnetospheric origin of gamma-rays

Aleksic et al. (MAGIC) Science 346, 2014
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Major Atmospheric
Gamma Imaging | SRQS
r

n Tel

e Most distant TeV objects = gamma-ray horizon (EBL
absorption)

e Strong BLR = internal y-y absorption (pks 1222+216)

* Delayed lensed emission (B0218+35)

* In perspective: precision spectral measurements
(wiggles, axions, detailed flare description, IGMF,...)

FSRQ . Redshift First VHE detection by: ~ Year
3C 279 0.536 MAGIC 2006
PKS 1510-089 . 0361 HESS 2009
PKS 1222+216 (4C +21.35) . 0.432 ' MAGIC - 2010
B0218+35 0.944 MAGIC 2014
PKS 1441+25 0.939 MAGIC 2015

5S4 0954+65* . 0368 | MAGIC - 2015



B 0218+357 %

<+ 11d —>
— ' ¢ MAGIC ]

m FSRQatz=0.944

® Gravitationally lensed

® Flare in July 2014 — Discovery ~ © | HE | L EEER

® Variability in V/HE, none in sub-TeV & it titie oo
X-Rays

o J Optical
Lensing [ 4
Galaxy MAGIC Coll., 1
z =0.68 { in preparatio '

.......... B T R R R R RS aRswe |
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Martin Will MAGIC Highlights — Blois 2016 13
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The baseline: a old MAGIC friend with a young
touch on periodicity

Long-term observations with MAGIC

since 2005

MAGIC regular monitoring since 2014
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The baseline: a old MAGIC friend with a young

touch on periodicity

Long-term observations with MAGIC 2015 lightcurve
since 2005 e

MAGIC regular monitoring since 2014 B

campaign successful; one pointing RN, o

every 10/15 days I

2016 MWL campaign on-going
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* Inter |
- P Inary system
- QPO

| instabilities
- Regular MW |

— Disentangle flarin
- modulation

ng-term

The gamma-ray cycle of PG 15534113

- MAGIC TeVo ervations and MWL campalgn

« Next maximum e egcted ~January 201 7 ; <>' A
3 o ‘ o
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Credits: ¢
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Last month update 2

An enhancement of the X-ray flux detected at .
the end of April (ATel #8998) S

Very good coverage by MAGIC and Swift g

Similar to the flare on April 2012 e

Aleksic et al. (MAGIC coll.), 2015 MNRAS, 450
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The baseline: a old MAGIC friend with a young
touch on periodicity
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Long-term observations with MAGIC 6
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Periodicity and SMBH binaries

Binary SMBH predicted by
hierarchical models

— Prediction (volonteri+2009): 10
over 10000 sample at z<0.7

Selective effects ?
— AGN as mergers ru+2014, chiaberge+2015
— Evolution cavaiiere+2002, Ajello+2014

> BL Lac as preferred host of
SMBH binaries?
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AGN as mergers

 Mergers > SMBH
accretion > AGN activity

* Higher fraction of AGN

radio loud in mergers
Fu et al. 2014, Chiaberge et al. 2015

« FSRQ > BL Lac evolution

Cavaliere et al. 2009, Ajello et al. 2014

> BL Lac as preferred hosts
of SMBH binaries?

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

L. Blecha et al. 2011 MNRAS 412



PG1553 periodicity: MWL

MWL.: optical, radio, X-ray
— X-ray (XRT) too sparse
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PG1553 periodicity: time lags

Possible clues on underlying Ry e AR y

periodic process e

- Radio-y: 50+/-10 days (98% CL) "‘°"::°"°m

* Optical-y:130to10days 1 3 |
opti’é‘af.-'f

200 400




PG1553 periodicity: time lags

Possible clues on underalying " e s
peri Od i C pr. 0 C e S S G 0 ()~.\.:-.'ij. ~ «v%.v o ..‘-.
- Radio-y: 50+/-10 days (98%CL) - 't°":i°"°m
r [days]
* Optical-y: 130 to 10 days 9 30
08 20 TG . L T———
— No lag with binned opt-LC N 7 1
>Time lags o!epend on short N toroptivat’
structures in LC o
— E.g. peaks seen in optical band "Y+to-optical

0.5

not resolved in LAT e L s

— IACTSs sensitivity may solve this! ¢ ,,
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