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The aim g to...

= Classifg gelected Active Galactic Nuclei of unknown type (AGU) with blazar characteristics in the
Fermi-2LAC catalogue. .

v (We identified our sample based on a certain gelection criteria for which we carried out a multi-wavelength
campaign to establish Spectral Energy Distributions (SEDs) and to

= g’rudy a variety of properties: variability, optical spectral features and establishing z-measurements.
> Classify these active galaxies: BL Lacs or Flat Spectrum Radio Quasars (FSRQs)

v Qearch for potential TeV emitting sources.
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Fermi Gamma-ray Space Telescope
- ducceddo’s of EGRET (onboard CGRO)

” ‘ ‘ ‘ .iili ﬁiei Telesiiie (Wayp)

ay Burst Monitor (GBM)

55% AGN

KEY FEATURE
Large FoV: 4
: LAT: 2.4 sr; 20% of the 4

gky at any instant. -
observeg entire gky every 3

hours. /
FoV 5x larger than EGRET /
onboard CGRO

4 | " Abdo et al., 2010, ApJS, 188, 405



Active Galactic Nuelei

what makes AGN spectal?
Active nucleus that can outshine the bost ga[ay

Extremely luminous ~ 10%7 erg/s
Multi-frequency emission: radio - y-rays
Strong variability acroes EM gpectrum at

different time gcaleg

RADIO LOUD AGN: RELATIVISTIC JETS /1411 /(% AP7NS
IN A Bl HOLEcs

In order to correctly understand and model

the dynamics of AGN, and in particular STAYS IN
blazars, it is imperative to increase the number |

of well classiied AGN and obtain multi-
wavelength Spectral Energy Distributions
(SEDs) from radio to y-ray energies.




Active Ga actlc Nuclel
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hosted b, = on-thermal ewussww dominated
Uitica) T 10w power high power | Different manifestations

8alaxjeg ‘ v BL Lac FSRQ 2.
i I , g underlying the same
. phenomenon!

w AGN are divided into
subclasses based on
the emission we

©+ FR-I
NLRG ' receive from the
_ source.

i

lobes < jet, nucleus

radio-loud (RL) AGN

The type is dependent
on the viewing angle,

‘.; absorbed | as well as the
presence and
morphology of

sty absotbist relativistic jets.

accretion disc

electron plasma Blazars are jet-
packnole dominated AGN which

broad line region

‘ narrow line region are powered by

, , accretion onto a
host'ed by = aGGVCtLOV\/ dOMLWa’CBd SMBH at the centre Of

SPira] Seyfert 1 | b e
galaxies \ a host elliptical galaxy,
. from which a

Figure: Illustrative diagram of the nomenclature of AGN in the unified model (adapted from relativistic Jet emergeS.
Beckmann and Shrader, 2012, p.132, Fig. 4.16). The classification strongly depends on the viewing

angle. 7 ) e

6 | - adapted from Beckmann & Shrader 2012 p 13’2, ﬁg 4.16.
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Blazars

Fundamental differences between
FSRQs and BL Lacs 7?

@ the jet power ~ Pjet (erg s1)

3 magnetlc field strength = B (G)

l

. "’ )\\ .

@ the inferred Lacc and LEdd

log MpH Rdiss/RS B log Ldi_sc AEdd log Pe log Rje_t
(Mo) (G)  (ergs™) (ergs™') (ergs™')

BL Lacs 89 300-1000 10-20 0.1-2 42-44 < 0.01 41-43 43.5-45
FSRQs 8-9.5 300-3000 10-16  1-10 44-46.5 > 0.01 42.5-44 45-48

7 (Ghisellini, 2012, International Journal of Modern Physics, 8, 1)
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Today the nomenclature depends strongly on the emission-line strengths in the
optical spectra and the SED characteristics

fl. Oftim[ .Sfect‘m
= provideg invaluable tool to distinguigh between FSRQsg & BL Lacs.

2. WWM

= Observationally challenging for BL Lacs due to featureless spectra (z < O.5).

5. Spectral Energy DLlstributions

= Depending on frequency @ which synchrotron emission peaks, blazars are
subdivided into LSP, [SP or HSP blazars.

4. Flux variability

= Blazare show flux variability over the entire EM gpectrum over various time-
geales: [DV, STV and LTV.

Stocke et al., 1991, ApJS, 76, 813; Urry and Padovani, 1995, PASPE, 107, 803; Marcha et al., 1996, MNRAS, 281, 425



Spectral “fingerprints” ~ EaE
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“A picture paints a thousand words, a spectrum L

paints a thousand pictures” - Liz Bartlett
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K4000 < 0.4: DOMINATING " Wavelength (1
Figure: Spectra of the BL Lacs observed with the ESO 3.6 m and

@“THRMAL M“SS"@N @F the NOT 2.5 m telescopes (Sbarufatti et al., 2006, A&A, 457, 35).
THE JET CONTINUUM TO THE BL LAC OBJECTS
IHI@ST @ A”S THRM AIL Weak (low state) or absent emissicnolines..

In some cases narrow/broad emission lines have

SPE@TRUM been detected.

. mainly featureless spectra.

Stocke et al,, (99 Absorption lines " signatures of the host galaxy.
Marcha et al., 1996 = Ca II H&K, G-band, Mg I, Na I-D.
M WA|<5A

Sbarufattz B. et al. 2005 Ap], 129, 559-566; XMM Newton spectroscopy of an X -ray selected sample of RL AGNs A&A 430 927 940 Landt et al 2002




QEDs of blazars

The bigoger pwtucre |

. | Vpeak at optical-
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Low-energy peak: synchrotron emiggion from relativistic Log v [Hz]
electrong in jet

High-energy peak: Source of origin still under debate /7" HADRONIC
pho’ro—plon/secondary plons

Urry, 1.9.98 AdSpR, 21 389; Bottcher M Rezmer A, Sweeney K and Prakash A 2013 Apj 768 54 Mannhezm K and Bzermann PL 1.992 A&A 253 L2I ;
Aharonian FA 2000 NewA 5 377; Miicke A and Protheroe R] 2001 APh 15 121; Miicke A, Protheroe RJ, Engel R, Rachen JP and Stanev T 2003 APh 18 593




Broad Line Cloud ~.
&=,

P1 (June 1991 flare)
-+ P2 (Dec. 92/ Jan. 93)
e June 2003
Jan. 15, 2006
= Feb. 23, 2006

vF_[Jy Hz]

BL Lac FSRQ

ErEmean @ =mm=E [ ]

L | L 1l o ) Bright disk and scattered
Faint diskand. BLR; photons off the BLR into jet:

2 le+24 le+26

10410 1e+12 lo+14 let16 1e+18 10420 lo+22
SSC
SSC +EC

v [Hz]
Figure: lllustration of different contributions of
radiation in BL Lacs and FSRQs (Nkundabakura,

2010, fig.2.17).
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Figure: Spectral Energy Distributions of the subclasses of blazars (Figure adapted from
Boéttcher, 2010). (a) 3C 279 (FSRQ) (from Collmar et al., 2010), (b) BL Lacertae (LBL) (data from
Abdo et al., 2010a), (c) 3C 66A (IBL) (Bottcher et al., 2013), and (d) RGB J0710+591 (HBL) (data

from Acciari et al., 2010).
Acciari et al., 2009; Acciari et al., 2010; Abdo et al 2011; Bottcher, 2012, Fermi & Janksy proceedings; Bottcher, 2013, Ap], 768, 54
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Photon fluxes reported in 5 energy bands: 100 - 300 MeV, 300 MeV - 1 GeV, T2 3GeV,3-10 GeV, 10 - 100 GeV

Fermi-LAT First/Second/Third Source Catalog
[FGL (Abdo et al, 2010), 2FGL (Nolan et al, 2012), 3FGL (Acero et al, 2015)

l l l

1451 1873 3033

The First/Second/Third Catalog of Active Galactic Nuclei

detected by Fermi-LAT
ILAC (Abdo et al, 2010), 2LAC (Ackermann et al, 2011), 3LAC (Ackermann et al, 2015)

| b
‘ TS>25, August 2008 - July 2009 FSRQ TS>25, August 2008 - A?ugust( 2010 ) FSRQ

All AGN @
high galactic
latitude

0 .
(lb' > l o ) “‘ | LAC-clean sample: 2LAC-clean sample: 402 Blazar candidates of
248 FSRQs 310 FSRQs unknown type (BCU)

275 BL Lacs
| 50 Blazars with unknown type
| 26 AGNs
(2 — e







e TR R SAAQO 1.9-m telescope
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Robert Stobie Spectrograph (RSS)

mounted at prime focus of SALT.

The detection of weak lines
requires high S/N spectroscopy = )
that, for most BL Lacs, translates ‘ $2 % HartRAO 26-m
into a necessity to use large” = telescope
telescopes.

Radio flux
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Investigate optical variability of blazars

> Intra-day variability (IDV)
2 probe 1nner vicinity of BH - upper limit on the BH mass.

> Short-term variability (STV)

2 Study structure of jet and accretion disc, and their interactions. Search for colour
variations.

> Long-term variability (LTV)

2 Broadband correlations to study emission mechanisms.

. Photometrie obs: SHOC

~ Sutherland High-Speed Optical Oamerag

POETS: Portable Occultatlon Eclipse and Transit Systems

15 Observing runs: 1 week August 2014, 3 weeks December 2014 and 2 weeks May 2015.



Spectroscopic observationg

(1) Grating Spectrograph mounted @
-~ Cassegrain focus on the SAAO
.9-m telescope.
(2) Robert Stobie Spectrograph
(RSS) mounted @ prime focus of

= | e, SALT
e i3 | 7 . 55‘ "’.a}:iz AR 3 *{d‘i
% (1) redshift solutions Y

(2) WA

(3) FWHM (km/s) Yip 1
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The CRTS survey is funded by the National Aeronautics and Space
Administration under Grant No. NNGO5GF22G issued through the Science
Mission Directorate Near-Earth Objects Observations Program.
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Broadband SEDs

S-approximation

-9

N | — fit a broken power-law to synchrotron
_ | emission in order to determine the vpea:
;"’ A1 F : — LSP, ISP or HSP blazar
£ by 1
o0 1 _ } t, = ‘ i | — Select dp and B - 8V g 5' ]0 @ ]5
E 13 S ! l . = nmp B = 016G & 16
é‘) 14 = i A Fit Synch Spectrum

16 I ! I ! I ! I I ! I ! I ! I ! I ! I v >

8 10 12 14 16 18 20 22 24 26

Log Frequency v (Hz)

CRATES = DIXON NVSS PKSCAT20 = FMN SUMSS = CatalinaRTS = NED = USNO A2.0 = USNO Bl = AT20GCAT (flux 20 GHz)
= AT20GCAT (flux 5 CHz) = AT20GCAT (flux 8 CHz) ERCSC143 ERCSC217 PCCS1F143 PCCS1F217
v allwise w3 -+ allwise w4 + WISE W1 PointPsf + WISE W2 PointPsf + WISE W3 FointPsf + WISE W4 PointPsf CALEXAISFUV

1SXPS(0.3—10 keV) + 1SXPS(1-2keV) » 1SXPS(2—10 keV) = Fermi2FCL (200 Mev) = Fermi2FCL (2Gev) = Fermi2FGL (600 Mev)
Fermi2FglLC - Fermi3FGL (200 Mev) - Fermi3FGL (2Gev) - Fermi3FGL (600 Mev) « Fermi3FGL (50Gev) - Fermi3FGL (ECev)
Fern

ni2FGL (60Cev) |, Fermi2FGL (6Cev)

» allwise wl - allwise w2

J

v 1SXP5(0.3-1keV)

8—approxivy1|a’rion

vF, = —2=copUpy.° N/(V)
6Wd%

exact synchrotron emission model

fsyn
€

i C 3(5.1 / ,.'Sb) X §
1/1";:‘\ R f:'\ o \/ li)l( 1(-) / ‘\'(.)(A,,,’)]])‘(l)dn!,/
G 1, J1

8

Get electron

distribution

Calculate X2

s compare S-approximation to exact model

Finke, Dermer, and Béttcher., 2008, Ap], 686:181 & Dermer, Finke, Krug, and Bottcher, 2009, ApJ, 692:32.
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Flux x 1071° (erg cm 2 s AT )

Normalised Flux

3FGL J0045.2-3704()ptical spectra

Emiggion lines @ z=1.0331+ 0.0004 | Line | Mest | Aobs | [Wa| [FWHM|
- (A) (A) (A) (km s71)
| 19 June 2015 C 2326.93 | 4730 | 1.5+0.8| 808 |1.0336
1] I1 . D TO0. .
5.0 | NLK m)p [CII]
4.0 BLK -y MgII |2797.99 | 5689 |17.9+3.4| 2777 [1.0333
3.0
2.0
<
R_,
OO | | | — | | | |
2.0 F _
(ehiy Mg II
1.5 | | .
1.0 | WWWMWMMM MWW WWWW"W*’\]W‘
: : IS fan)
I I b
0.5 | | i
00 ] : ] — ] : | — |
4000 4500 5000 5500 6000 6500 7000

Wavelength (A) Khindt et al., 2016, MNRAS, accepted



3FGL J0045.2-3704
Broadband SEV classlﬁcaflon
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3FCLJ0644.3-6713
Optical spectra

Table: Observed lines in 2FGL J0644.2-6713. Listed is the
equivalent width, |W)|, and the FWHM of each line.

¢ Emigsionlines @ z=2=1930 + 0.004
@ ¢ | Line | s | Aobs | [Wa] |FWHM
__10Ff R~76A (A) (A) (A) (z‘f’\“
1< 9.0 S/N = 60
T 8oL CIV |1548.19 (4539 24+13 | 7446.3 |1.9323
Ig 7.0 C III] | 1908.73 | 5586 - - 1.9271
8 60 | .
| WM\W ‘MW
% 4.0 F -
T 30 . Narrow double
2.0 - — — — , l absorption line @
1.2 Mgl ? C 1] | 5240.20 A
3 0 potentially Mg II from
3 i an intervening galaxy
g 0.8 ° ¢ . atz = 0.87.
2 06 L | ! ' | For an example see VLT
' ‘ ! & spectrum of AO 0235+164
0.4 u Yo . L= , , (Raiteri et al., 2007).
| 4500 5000 5500 6000 6500 7000

o

Wavelength (A)

Figure: The average 2FGL J0644.2-6713 spectra obtained with RSS mounted on SALT with
setup C. Klindt et al., 2016, MNRAS, accepted



Candidate for VHE studies with lACT
e.q. HE.S.S.

VHE candidate
FSRQ source
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3FEL J0730.5-6606

-'_Cl_ass prediction by Hassan et al. (2013) : bzb |

-65°58'00.0" |

-66°00'00.0"
_AOFFGL :\
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| 995%; 5.52 arcmin

ol ok,
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40.00s 20.00s 31m00.00s 40.00s 7h30m20.00s

POSS2/UKSTU Red RA (J2000) PA = 0.0




SFGL JO73O 5 6606
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Figure: The average 2FGL J0730.6-6607 spectrum obtained with
the Grating Spectrograph mounted on the SAAO 1.9-m telescope.
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Figure: The average 2FGL J0730.6-6607 spectrum obtained with

mounted at prime focus of SALT with setup A and B.

Optical spectra

¥¢  Absorption lines @ z=0.1063 £ 0.0009

Table: Observed absorption lines in 2FGL J0730.6-6607.

Line )“Z,‘*St )‘?,bs z
Call H&K 3933.66 4349 0.1052
SpCGCD 3968.47 4387 0.1051
Mgl
SpCCD 5172.68 5730 0.1076
NaD
SpCCD 5895.92 6529 0.1079
Ca Il H&K 3933.66 4349 0.1052
RSS 3968.47 4389 0.1057
Mgl
e 5172.68 5724 0.1063
NaD
RSS 5895.92 6514 0.1054

K4000 = 0.16 < 0.4

Klindt et al., 2016, MNRAS, accepted



Candidate for VHE studies with [ACT
eg.HESS.
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Summary of optical resu

3FGL name

Instrument

Spectral Line

>\rest

(A)

obs

(A)

z

I

Ifs

g

J0045.2-3704

RSS
RSS

[C II]
Mg 11

2326.93
2797.99

4730
5689

1.0336
1.0333

Yes
!

Nol Potentlal*

R~ e

z = 1.0331 & 0.0004

J0200.9-6635

RSS
RSS
SpCCD

C mi]
Mg 11
Mg 11

1908.73
2797.99
2797.99

4329
6392
6398

1.2677
1.2846
1.2869

z—128:tQU1

J0644.3-6713

Intervening galazy

J0644.3-6713

RSS

RSS
RSS

Mg 11?7

C1v
C mi]

2797.99

1548.19
1908.73

5240

4539
5586

0.8728

1.9323
1.9271

BRI e et RSt - e
= - ==

i

i =

b Yesd
; ‘

\1 \

Potential

1.930 & 0.004

J0730.5-6606

SpCCD
SpCCD
SpCCD
SpCCD
RSS
RSS
RSS
RSS

Ca1n H
Can K
Mg 1
NaD
Ca1n H
Can K
Mg 1
NaD

3933.66
3968.47
5172.68
5895.92
3933.66
3968.47
5172.68
5895.92

4349
4387
5730
6529
4349
4389
5724
6514

0.1052
0.1051
0.1076
0.1079
0.1052
0.1057
0.1063
0.1054

0.106 £ 0.001

J1218.8-4827*

RSS
RSS
RSS

CanH?
CanK?7
G-band ?

3933.66
3938.47
4306

4495
4536
4971

0.1425
0.1428
0.1544

0.150 = 0.006

J1407.7-4256*

SpCCD
RSS
RSS
RSS

G-band ?
G-band ?
?
NaD ?

4306
4306
?
5895.92

4863
4858
5417
6561

0.1295
0.1284
?
0.1133

2z = 0.124 + 0.009

J2049.741002*

SpCCD
SpCCD

CanH?
CanK?

3933.66
3968.47

4825
4860

0.2262
0.2243

z = 0.226 & 0.001

Khindt et al., 2016, Optical spectroscopic classification of a selection of Southern

Hemusphere Fermi-LAT unclassified blazars , MNRAS, accepted
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Clandfication 7//49&[;

N—
3FGL z obtained
name Counterpart s o Speel from optical S
al. (2013) features Classification
spectra
Joo45.2-3704 | PKS 0042-373 bzq [C II], Mg II 1.0331 £ 0.0004 FSRQ
J0200.9-6635 | PMN J0201-6638 — C III], Mg I1 1.28 + 0.01 FSRQ
Jo644.3-6713 PKS 0644-671 — CIV, CIII] 1.930 + 0.004 FSRQ
J0730.5-6606 | PMN J0730-6602 bzb Call E:LIK I,)Mg L 0.106 *+ 0.00I HBL
B . ) " Call H&K, - | *
J1218.8-4827 | PMN J1219-4826 — G-band ?7 0.150 + 0.006 IBL
CGRaBS G-band, Na I-

J1407.7-4256 J1407-4302 bzb D ?? 0.124 * 0.009 LBL
J2049.7+1002 | PKS 2047+098 bzb Call H&K ?? 0.226 * 0.001 LBL
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We have identified among the 156 AGU gources ligted in the Fermi-2LAC catalogue. Of thege,
& 13 selected candidate sources are ofill identified ag AGU in the recently releaged 3FCL catalogue (Acero et al, 2015)
€ 3 sources have no claseification, but have corregponding gource locationg

€ 3 gources are not ligted, which cervee ag etrong motivation for excluding thege gourceg from our analygis.

we bave obtained SAAO 1.9-m and SALT
spectra for 12 taryets fisted in our m—nﬁ:[e, of

which we bave cmgﬁrme:{ redshift
measurements for 7 sources in the range:

01<Z<19:

we have obtained differential LCs
for 9 AGU targets to detect (DV

ano STV. Most sources resembled

wo DV, however, = sources showed
variability of the order of ~0.5
mag over a timescale of a week.

30

3FGL J0045.2-3704:
3FGL J0200.9-6635:
3FGL J0644.3-6713:
3FGL J0730.5-6606:
3FGL J1218.8-4827:
3FGL J1407.7-4256:
3FGL J2049.7+1002:

‘60 ‘€0 ‘60 ‘€0 ‘€0 ‘ec ‘€c

FSRQ z = 1.0331 * 0.0004
FSRQ z=1.280 % 0.010
FSRQ z=1.930 * 0.004

HBL
IBL

LBL
LBL

z =0.1063 * 0.0009
z = 0.150 * 0.006
z =0.124 * 0.009
z = 0.2257 * 0.0014

Require more spectra to claim classifieation
¢ 3FGL J1154.0-3243: BL Lac ??
¢ 3FGLJ1617.3-2519: BL Lac ??
¢ 3FGL J1954.9-5640: BL Lac ??
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Although AGN have been observed and studied quite xtensively since their dicoverg, there sill remaing a number of open

questions:
€ whether the high energy component of non-thermal emission in blazars is formed through hadronic or leptonic processes.

[1) lgaa/io

We have obtained radio flux measurements @ 5 and 8.4 GHz with the HartRAO 26-m telescope for |5 sources.
€ Based on thege results a long term monitoring project can be proposed in order to measure radio flux dengities at different
frequencies to:
€ firetly, determine the variability and whether it ic congistent with blazars.
€ gecondly, to establish/verify the flux dengsity at radio wavelengths in order to contribute towards the construction
, of SEDs for these sources.
€ Future works may also include propoging for the Karoo Array Telescope (Meer AT) obsgervations of the fainter radio

sources.

(2 ) _S)pect’zoswpic _70110w-ups

R3S follow-up observations for unobserved sources in our sample of (9 targets, ag well ag acquire higher S/N spectra for
sources for which spectral features have been detected and redshift meagurements have been established.

[ 3 ) jz.[ux vafziaéi[ity

Use other statigtical test such ag Bayesian method to analgse intra-day variability. Propose for long-term simultaneous
observationg at multi-frequencies to investigate the broadband LTV nature of the targets.
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