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Optical spectroscopy of Blazars
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Data set: data base

Campaign: ground-based Observational Support
of the Fermi Gamma-ray Space Telescope @
Steward Observatory.

Since October 2008.

Data public at campaign website.

Over 60 targets and 7900 observations (in 2015).
This work: 5030 flux calibrated spectrum of 27
objects.




Data set: iInstrumentation

Steward Observatory

e SPOL Spectropolarimeter
(Smith et al., 2009) Spectral resolution: 4-15 A
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data base

Data set
Observing Blazars since 2008.

Calendar of 5030 calibrated observations
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Original representation: Time
evolution
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Classification

Traditional Classification: EW < 5 (1+z)A

(eg. Stickel et al. 1991; Stocke et al. 1991).
Spectral shape characterized from median

spectrum.
BL-Lacertae: no emission lines or EW[rest]<5A.
FSRQ: prominent emission lines.
Stellar population dominated: absorption lines




Classification: BL-Lacertae

Median spectrum of BL Lac at Z:0.069 .Total files:477
AMrest) [A]
4211 4679 5146 5614 6082 6550 BL Lacertae
d L L s ELA

S P

AN
s

Iﬂﬁ..w-.-"..,\JrIlulrw,n.,ru"u'u Name
Mrk 421

1ES 1959+650
BL Lac

W Clom

: b=kl
H 12194305
=5 07164714
(] 287
4

\ A

"o v
- - JJ WA AN
. ) g\ A ViR
ot f .N\_“"__NU’,.WN-N.., VT e W \{/ UV

T

“ A \.N‘A!w"
107 [y

4502 5002 5502 6002 6502 7002
Aobs) [A]

Universidad de La Laguna



Median spectrum of 3C 279 at Z:0.538 .Total files:303
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Classification: BL-Lacertae
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Median spectrum of 3C 345 at Z:0.593 .Total files:42
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Classification: FSRQ

Median spectrum of 3C 454.3 at 2:0.859 .Total files:413
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Classification: stellar

population

Median spectrum of 1ES 2344+514 at Z:0.044 Total files:36
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SDSS Filters, Reference and Target Spectrum
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SDSS Filters, Reference and Target Spectrum
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Color-magnitude correlation — spectral shape
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SDSS Filters, Reference and Target Spectrum
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NMF: Non Negative Matrix
Factorization (PCA-like)

An objective method for characterize spectral
components

Based in: Jean-P. Brunet, Pablo Tamayo, Todd R. Golub and Jill
P. Mesirov. Metagenes and molec

factorization. In Proceedings of th¢
the USA, 101(12): 4164-4169, 20( M sanpies

Used for genetic correlatifieisssic: smmm P17
Leukemia R ‘

Medulloblastoma - Rty
Central Nervous System

’

H (rank k=2)

samples

Claés 1 Clé.ss 2



NMF: Non Negative Matrix

Factorization
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on Negative

actorization
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NMF: Non Negative Matrix
Factorization

Synchrotron
A

log I{#}
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. Spectral measurements:
' Iron template

Continuum
+

Iron template

(Vestergaard, M. & Wilkes, B. J. 2001)

Fitted at Once | Powerlaw =1.24¢ +03 » g~ "%

Ap,=6.2Te—03 Ap, =4.24e—03 d)p, =1.99¢ +00
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Spectral measurements:
Line fit.

2 Component
modeling + direct o ey oG

7, =21.05 (5.09¢ +00)

zi =5428.69 (1.13e400)

e ment. A et vt F
Boundary
conditions for

narrow line:

[800, 2000] km/s
(McLure & Dunlop, 2004)
Noise impact o) |
(MOnte CarlO) *5500 5250 5300 5350 5400 5450 5500 5550 5600 5650

5200 5250 5300 5350 5400 5450 5500 5550 5600 56




Results: Correlation
broad line — continuum at low

activity

Mgll line flux vs continuum 0j248. Red:narrow, Blue:broad

=
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Line flux

o
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2.2
Continuum flux

& ULL
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Results: BLR size

Delay in broad line-continuum flux — size.
Discrete Correlation Function (edelson & Krolik,1988).
No clear correlation was found.

More observations needed to determine
line-continuum delay.

This technique might be successful with low
NTD objects




Black hole mass
measurements

log (M'-"'“' ) —a+b x log ( AL ) 19 % low ("FHTHMW)
O 1 I (1 [ x log 1044 ey gs— 1 2 x log P—

Virial mass estimation.

From continuum:
(a, b)[cont] = (0.505,0.62) <> Vestergaard & Osmer, 2009

From line luminosity:

—) Lyrgri
(a, b)[line] = (1.70,0.63) <> Shen et al., 2011




lonizing continuum

Line luminosity give a non collimated

continuum estimation:

"Leent 3000 4] | ‘I \
log (LLJ) — (1,016 & 0,003) x log ( 9 ) + (1,22 £0,011)

L ETrg s

erg s

Shen et al. (2011) calibration for radio quiet objects

Non-Thermal Dominance (NTD):
L[obs] / L[pred]

(Shaw et al., 2013)
NTD=1 — Disk luminosity dominated

NTD > 1 — Jet contribution




Results: Black hole mass

Mass estimation for all measurements.
Full sample

9.5 Low NTD sample

~ 0 o
Ln (=] L

Log masss from line

-
(=]

6.0
8.0 8.5 90 95 10.0 7.0 75 8.0 85 9.0 95

Log virial mass Log virial mass

Mass from lines underestimated in 0.30 dex.
f UJLL
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Results: Accretion rate

uasi-isotropic thermal luminosity (rry & Padovani, 1995)
Bolometric thermal luminosity: L[pred] — L[bol]

(Richards et al., 2006)
Virial mass estimation:

L[pred] — (a,b)[cont] — L[Edd]

<L[bol] / L[Edd]> = 0.4 for FSRQ
<L[bol] / L[Edd]> = 0.2 for BL-Lac
FSRQ are more active accretors (Ghiseliini et al. 2011)
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Summary of results

Ifferent behavior in VIS range
Flux variation — Constant color
Flux variation — Color variation

Redder when brighter

Bluer when brighter
Both

.

Inflection magnitude — Changes on dominant
source radiation.

NMF show good component estimation,
reproduces fairly well the spectrums and tow
component objects are correlated with color
measurements.




Summary of results

Mass estimators have to be used carefully
when only few spectra are available.

NTD can be used for quantify the goodness
of mass estimation.

BLR shape may not be spherical at all.
FSRQ are more active accretors.

Broad component — continuum flux
correlation at short time scales rather than
narrow component.




Spectral measurements:
Goodness of measurements.

’

Quality factor
Improve for
S/N>10

Low confidence in
FWHM




NO?Classification: High
energy flux

’

Galaxy population
objects produces
lower energy at
GeV rather than
FSRQ

0.6 0.8 1.0 1.2
Flux at 0.1-100 GeV
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