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BLAZAKS

Class of jetted AGN...

Accretion disk — . %

Relativistic jet




BLAZAKS

Class of jetted AGN with jek pointing towards the observer

-» The most Powerfu.i emitters
from radio up to TeV,

-> Highly polarized, Blazar .
-» Highly variable in amplitude _
and at all wavelength, S A ~——
: - — disk

Observed Properties of Jets and
the Angle to the Line of Sight ©

Host Galaxy AGN Angle

90 deg

Accretion disk N

30 deg

Relativistic jet




BLAZAKS

Class of jetted AGN with jek pointing towards the observer

-» The most Powerfui emitters
from radio up to TeV;

-> Highbj Pctarized;

-» Highly variable i amPLE,&ude
and ab all wavelength.,

ijitat MWL doubie.-bump SED shape
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BLAZARSs
% 3500 blazars in the BZCAT (Massaro+018):

> sources detected at the radio frequencies
-> 70% detected in the X-ray band

A significant difference is based on the optical spectrum and
they are divided in two classes:

FSRQs V N BLLac objects

dominakted by broad emission Lines emission Lines wealk or absenk
and thermal Plue bu,mp
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BLAZARSs
% 3500 blazars in the BZCAT (Massaro+018):

> sources detected at the radio frequencies
-> 70% detected in the X-ray band

A significant difference is based on the optical spectrum and
they are divided in two classes:

SR Qs V N RLLac objea&s

C&.OM&V\QEZQC* b bT'OOLd emission LLV\QS emiLssion LLV\QS weale or Qbsay\ﬁ
and &kermatjbtue bu,mp

Blazars represent the most abundank

Extragalactic population ot GeV-TeV energies




The EXTRAGALACTIC Y-RAY SKY

Blazars represent the most abundank
Extragalactic Fopum&mn at GeV-TeV energies

The Y-ray electromagnetic spectrum:

-> High Enerqy (HE; >20 MeV)
detected an satellites
(as Fermi, Agile)

-> Very High Energy (VHE; >100GeV)
s?u,cii,ed by Imaging Atmospheric
Cherenkov telescopes
(MAGIC, VERITAS, HESS, ... CTA)



THE F?’EZQMI SATELLITE & CATALOGS

® Loaunched i June 200%
Two inskruments on board:
-> LAT (20MeV-300GeV) - all-sky map every 3 hr

-> GBM for GRB monitoring
®Several catalogs:

4FGL » 3FHL » 3FGL » 2FHL » 1FHL »2FGL » 1FGL » oFGL
3LAC, 2LAC, 1LAC, 2PC, 1PC, GRBCat....

4?&Lc&a£agréyor&s 5525 y-ray emitters:

-5 50% are blazars (the most numerous class)
-> ~ &E¥1 FSRQS
-» ~ 1102 RBLLs
=> ~ 1165 blazars of uncertain type (BCU)

-> 30% Unassociated Fermi Objects
(most of them probably blazars)



THE TeV BAND & TeV BLAZARS

A sub-sample of the GeV blazars are also emitters at the TeV

-» There is 1 TeV blazar for ~ 28 GeV blazars

In the TeVealt™ -» §9 + (2) BLL:
-» 7 FSRQs

-» 4 blazars

TeV band observed with the IACT
&etescopes:

MAGIC telescopes:
=» 2 x 17m diameter parabolic surface
-» Energy threshold: 50 GeV
-» Energy resolution: 16-17% (>300GeV)
-> Angular resolution < 0.1 (r1o00CGeV)
> Sensitiviby(Er100GeV): 1.8% CU/50hr

(*) teveatuchicago.edu



THE TeV BAND & TeV BLAZARS

BL Lac objects dominate the extragalactic TeV sky:

The most
energetic
ob jects
of the Universe

ak all A




THE TeV BAND & TeV BLAZARS

BL Lac objects dominate the extragalactic TeV sky:

The most
energetic
ob jects
of the Universe

ak all A

MWL SED Foi.h!:

to sl:udv and
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their
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Year Ymin Yo Ymax ni np B K R 0
[103] [10*] [10°] [G] [10°cm™] [10cm]

20074 3.0 5.0 200 2.0 5.0 0.15 20 1.0 20

2008? 70 34 80 19 33(3.5) 0048 0708 325 26
2011/20127  10.0 4.0 70 2.0 3.7 0.19 10.0 1.0 20
2011720127 10.0 33 40 2.0 3.8 0.19 134 0.9

20,




THE TeV BAND & TeV BLAZARS

BL Lac objects dominate the extragalactic TeV sky:

_uf § g
The most [y SED points AT
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ObJE.C&s. ko 'model 2k
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THE TeV BAND & TeV BLAZARS

BL Lac objects dominate the extragalactic TeV sky:

The MO# MWL SED points
enerqetic to study and

ob jects ko 'model
of the Universe their

ak all A emission
region

Useful
tool

ko pmba
the EBL

13



THE TeV BAND & TeV BLAZARS

BL Lac objects dominate the extragalactic TeV sky:

The most MWL SED points
energetic to study and

ob jects ko 'model
of the Universe heir

ak all A emission
region

Useful
tool

ko probe.
the EBL




THE TeV BAND & TeV BLAZARS

BL Lac objects dominate the extragalactic TeV sky:

The most MWL SED points
energetic ko study and
ob jects ko “‘model
of the Universe heir
ak all A emission
region

Useful
kool

ko Frobe
the EBL




ON THE KEDSHIFT OF BLLs

The (quasi) featureless optical spectra is the main characteristic
in the optical of the BLL class
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GTC SPRECTROSCOYY CAMPAIGN

It needs to have optical spectra of
high S/N and high resolution ;

—
We are carrying out an extensive campaign of spectroscopy with

OSIRIS @GTC (10.4 m) of different samples of y-ray blazars

-» » 200 spectra obtained Eill now
=2 Spec&rar Range: 4000-10000 A

-> grisms: RE00B, R10008 and R1000R
-3 Spe&rat resolution = 1000

-» $/N = §0 - S00 (depehding on the source maqg)

17



GTC SPECTROSCOPY CAMPAIGN
LIST OF SUB-SAMPLES:

-» 22 TeV and TeV candidate BLLs

with unknown/uncertain redshift
-> Patano et al. (2016), Paiano et al. (2017a)

Landoni et al. (018), Falomo et al. (017)
=» 10 high-z GeV BLLs
-> Paitano ek al. (2017b)

-> 47 UDhassociated Fermi Objects All published
-> Palano et al. (2017¢),
Paiaho et al. (2019) SFQC&T‘Q (x300)
=» 16 Optically selected high redshift are available
BLL candidates ) ot the website
-» Landoni et al. (Roly . A
-» 60 3FHL blazars (TeV candidates) http://www.oapd.inaf.it/zbllac/

with unldnowin redshift

-> Patano et al. (2020, in Frep)

You can include
our spectra of BLLs

in our dakabase
See the website for info
or ask me!!

=> 15 high redshift BLL candidates

-> Paiano et al. (o20, in Prep)

=3 10 neulrino BLL candidates

-> Palano et al. (2o1%a),
Patano ek al (Abel#12269,#12%02 #13202)
Patano et al, (2020, n Prep) 18




RESULTS

Based on the properties of the optical spectra,
the objects can be grouped into 4 spectrum bypes :

1. Emission lines characteristic of low-density gas
2. Absorption Lines of stars from the host galaxy
3. Intervening absorption Llines from cold gas

4, Feakureless spac&rum



RESULTS (Some examples... )

Emission lines characteristic of low-density gas
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PKS, 1424424
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Palano+2017a
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RESOLTS

Emission Lines
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RESOLTS

Absorption Lines of stars from the host galaxy

23FGI- e e e "1 3FGLIO%14+2943
| High-z BLL of 3FGL

_ | (Literature z = 1.0%)
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Pailano+2017b Wavelength (&)

22



RESOLTS

Absorption Lines of stars from the host galaxy

3FGI. 1081442943
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zZ = 0703
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RESOLTS

Intervening absorption Lines from cold gas
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RESOLTS

reabureless sraea?:rum

RGR 101364391
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RESULTS: Lower Limit of the redshift

RGB J0136+391
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Sbarufatti+2008



RESULTS: Lower Limit of the redshift

Featureless spe.c!:rum

Nown~-thermal Nucleus

RGR 101364301
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RESULTS: Lower Limit of the redshift

Featureless spe.c!:rum

Nown-thermal Nucleus
o+
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RESULTS: Lower Limit of the redshift

Feabureless spec&rum

Nown-thermal Nucleus

RGR 101364301
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RESULTS: Lower Limitk of the redshift

Featureless sFaet:Erum

Nown-thermal Nucleus
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RESULTS: Lower Limitk of the redshift

For several cases, we disprove the previous published redshift

CASE OF 3CG66A

0219+428

Yavelengih (A)

One of the first BLLs studied !!
z = 044944

(Miller+7% , Lanzetta+1993)

CASE OP 52 0109+22

15 SDSS J011205.91+224453.0
< ]
a |
5 10t
b
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8000
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z = 026, bu,f: this is the redshift
of a close galaxy!
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THE REDSHIFT OF THE NEUTRING
BL LAC OBIECT TXSos06+0586

TXS 0806+086

(BFGLI0S09+0542)

First extragalactic source
associaked to
Icecube neubrine evenk

z = ? until 4 feb, 201%

' 3FGLJ0509 440541 -' N.:
& ‘ ._ B.=J5%
[ E«—]_
& - X
- L
- &
-
3'x 3 ¥ ! |
X 1
—




GTC SPRCTROSCOPY CAMPAIGN
Motivated by the neutrino detection and
bv the high state in the GeV and TeV bands,
i the framework of our observational campaigh

of BLLac, we obtained s ectroscopic observation
of TXS0506+086 with OSIRISECGTC (10.4m)

It needs to have optical spectra of
VERY high $/N and high resolubion

Table 1. LOG OF THE OBSERVATIONS

Grism Date Total exp. N
time (s) -> 49 individual spectra
R1000B 23-11-2017 3600
05-12-2017 4200
R1000R 02-01-2018 4000
14-01-2018 4000
R2500V  14-01-2018 4800
14-01-2018 4800
R2500R 15-01-2018 4500
20-01-2018 4800

-» § combined spectra (one for each grism)

-» Each of § combinaed spectrum was:
* abs - flux calibrated (9=15.4)
* correct for dereddening
* normalized
R (to emphasize the spectral features)
5 oLa0ts 4500 * studied carefully to search to
20012018 4500 6 absorp&iom/emissuon Lines

Col.1: Grism name (slit width = 1.0” for R1000 and
slit width = 1.2” for R2500); Col.2: Date of the
observation, Col.3: Total exposure time, Col.4:
Number of individual exposures. o)z

N W W W wao oo w»




TXSOS506+086 sge&&rum

40

Flux (x 10-1%) erg s-! cm-? A-!
10 20

Palano et al,, 201¥%

R1o00B (4100-7400) + R1lo0oR (§300-9000)
SN, = 600 -1200
Nown thermal emission => PL with si.c:-ge = -1
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TXSOS06+086 s[wec‘:&rum
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8000

We found three faint and narrow emission Lines ak:

> 49%1.8 A identified as [011] 3727 & (EW = 0.12 &)
> 66936 A identified as [0111] s007 A (EW = 0.17 /ﬁ),
> %5008 A identified as [NII] 65%3 A (EW = 0.05 &),

The redshift of this source is:

> z = 0.3365 + 0.0010



Spa&%ra of neutrino candidate BLLs

3F‘GLJO627m1517 Z O 3102
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The redshift of 3FGLIOG279-1517: a possible
counterpart of the Icecube neubrino event 1IC-170321
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On the redshift of the BL Lac neutrino candidate
4C+41.11 (3FHLIO423.9+4149)
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SKecEroscoPLc Lower Limit to the redshift (z » 0.563) of

e BL Lac object 4FGL J2265.1+2411, a Pos&.bi.e
neukrino source

z > 0,¥63
L, > 4 x 104% erg/s -/
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SPECTROSCOPY OF HARD FERMI (3FHL) SOURCES
3FHL CATALOG:

18586 sources debtected bj Fermi ok £ > 10 GreV
246 objects are TeV candidates (E » 50 GeV)

-

1%0 BLL (147 with z = ?)
44 BCU (ho class & 2 = ?)

Spectroscopic campaign of a sample of
&0 3rHL sources



3FHL SOURCES ORSERVED WITH &GTC

4C+41.11 (3FHLJ0423+4148) Z=0.397

3 —
5, e _r
x [ Y
PN E
BT ]
1a ; —— —_— :
212f = ]
T | ® ol ® @ ® @
g WW({N‘M\J\“‘ffﬁﬂm‘w*uwhl}(wﬂ WMWWWM
2 0.8 i % .
50I00 — zOIOO - 7OIOO — ‘ 80100 — 90[00
Wavelength (&)
5 - ,SF.HL.JL,SOC.)'{).*‘?BB.? | ZI=O.I68|3
N
E
=
18 —
1.1 — D 2 52 63

Normalised Flux

6000 7000

Wavelength (&)

P
5000

Palano ek al., 2020q, in prep.

Flux (x 10-16)

Normalised Flux

3FHLJ0640.0—-1254 Z=0.1365
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N S0% Objecl‘:s exhibit
absorp&écv\/emissiom Llines
i Eheir speckra

and we can debermine

the redshift

Z =005 =711
<z » N 03
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3FHL SOURCES ORSERVED WITH CTA
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SPECTROSCOPY OF UNASSOCIATED y-KAY SOURCES
(UCESs).
On-going spectroscopic campaign of a sample of optical

counterparts of UGSs selected using X-ray data covering the 3FGL
region and searching for the possible MW?. counterparts

SELECTION CRITERIA:
® Sources are wob associabed i bthe 2FGL and 3FrGL and obther
garmma-ray catalogs,

¢ Target coordinates outside the galactic plane ([b|>20)
¢ Objects well observable by La Palma
¢ Presence of ot least one X-ray source detected within

the UGS error box.
(two exceptions with only radio couh&erPQrEs)

1¥0 UGSs observed b\j Swift =» 60 UGSs with a X-ray detection
inside the UGS error box
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1%0 UGSs observed by Swift -> 60 UGSs with a X-ray detection
inside the UGS error box

47 UGS counkerparts observed ab &TC a1



SPECTROSCOPY OF UNASSOCIATED y-KAY SOURCES
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On-going spectroscopic campaign of a sample of optical

counterparts of UGSs selected using X-ray data covering the 3FGL
region and searching for the possible MN?. counterparts
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3FGLJ0031.6+0938

3FGLJ0004.2+0843

3FGLJ0158.6+0102 3FGLJ0234.2-0629 3FGLJ0251.1-1829

47 UGS counterparts observed abt &GTC e




SPECTROSCOPY OF UNASSOCIATED y-RAY SOURCES
(UCESs).

AFGL J0049 044224
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Some exan«\pi.es:
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SPECTROSCOPY OF UNASSOCIATED y-RAY SOURCES
(UGSS>~ Peculiar cases:

QSO High-z BLL
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Seyfert 2-like
(only other to Sy2 in Fermi catalog)
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CONCLUSIONS
~» High S/N GTC spectra of Y-BLLs allowed us to obtained

new redshift or sound lower Limits,
Our spectra can be accessed at the websike : http://www.oapd.inaf.it/zbllac/

-> Redshift is important and crucial ingredient
for several astrophysical topics :
=» SED modelling and study of intrinsic Gev-TeV speckrum
-> EBL stud
-> neubrino ‘and photon production
-» Luminosity Functions (ho solid conclusion for BLLs)
~» Environment study and search for parent populations

-> Redshift of TXS0506+056, the first extragalactic source associated to
an extremely high energy neutrino detected by ICECUBE

-» 28% of BLLs at significant high z (>0.8) - (10% with 2>1)

> Spectroscopy of 3FHL-TeV candidate BLLs and UGSs blazar candidates
v\;’i_ confirmed the blazar/AGN nature and for most of them
we can derive the redshift

-» Search for BLLs as candidates for CTA observations






