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Goals and Project Components

+ Carry out a detailed study of the BLR in NGC 5548 over a wide
wavelength range

» Obtain high-quality velocity-delay maps for multiple emission lines

* Improve our understanding of the BLR—continuum relationship

+ Simultaneous multi-wavelength monitoring
» UV spectroscopy: Hubble Space Telescope (HST)
- UV/X-ray photometry: Swift
* Optical photometry: Swift, LCOGT, MLO, WMO, etc.
» Optical spectroscopy: MDM, APO, Asiago, Lick, WIRO
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Observations and Reductions



Spectroscopic Dataset

Telescope Number of Median Wavelength Pixel Median [O III]
Epochs Seeing  Dispersion Scale SNR Fyvar
(") (A pixel™') (" pixel™!) (%)
MDM 143 1.7 1.25 0.75 118 0.62
Lick 35 1.5 1.02 0.43 194 0.32
Asiago 21 4.0 1.00 1.00 160 0.27
APO 13 1.4 1.00 0.41 160 0.28
WIRO 6 2.1 0.74 0.52 217 0.47
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Optical Spectroscopy Light Curves
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Flux
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+ Both HB and He Il are
highly variable

+ The two broad lines are
heavily blended together

+ He ll is very weak In the
mean spectrum



Spectral Decomposition

+ De-blend broad lines

« Enable measurement of He |l
flux

+ More accurately remove the
continuum

+ Fitting routine:

+ Sixth order Gauss-Hermite
functions for [O ll], broad and
narrow Hf3

+ He |l AM686 width constrained
to within 3 A of the He Il A1640
width from the nearest HST
epoch

erg cm™” s A7)

f, (107

&)
-

N
-

4V,
-

Full Data Model
Hp He Il Fe Il

Power Law -

ol

T

-

4600 4800 5000 5200

Observed Wavelength (A)

Barth+ 2015 (method)



Spectral Decomposition

+ De-blend broad lines GOF T T
MDM mean

 Enable measurement of He |l 50 0 11 -
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Arbitrary Flux
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Lag Analysis
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Lags w.r.t 1158 A continuum

Lags w.r.t 5100 A continuum
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Light Curves Tcen Tcen,T1 Tcen, T2 ~ TJAVELIN TJAVELIN,T1 T7JAVELIN,T2
Hp vs. Fy(1158 A) 6.3470% T.75T0z0  6.097075 | 6.677050  7.03106; 7 551+0-99
HB vs. F5(1367 A) 5. 99+8 5s  T7.367059 6.0970%% | 6. 23+8 5 6 63+8 gg 7.23% 108
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Pei et al. submitted 14



HB UV & Optical Lags

+ RM usually uses the
Light Curves Tcen optical continuum as

roxy for the ionizin
HB vs. F (1158 A) gont?;]uum 9
HB vs. F\(1367 A)  5.997 ¢
HB vs. F\ (5100 A)

HB vs. V band 3.86 00

CTO'2

Mpy = f e

7RBLR — CT

The HB—UV lag is 1.5
times longer + Shorter lag = RsLr

than the H3—optical lag underestimated by 50%!

+ \What about the BH mass”?
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Implications of UV & Optical Lags

+ s Tuv/Topt constant for all AGNs?

* Yes = VMpgH values aren’t affected since virial
products are calibrated to quiescent galaxy Mey — Ox
relation, so () absorbed this constant shift.

* No = the slope or even shape of the Relr — Lacn
can change. This would affect all single-epoch BH

masses!

+ Direct
mode
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Anomalous Emission-Line Variability

Arbitrary Flux
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Anomalous Emission-Line Variability
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Anomalous Emission-Line Variability
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+ The anomaly Is velocity-
dependent

+ Some scenarios
suggested by Goad+
2016

» Shielding material

« Change in SED

+ Further investigation
required!
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Single-Object ReLr — LagN Relation

+ The H[3 lag was
unexpectedly short given its
................ luminosity during the
S0 o Kilerci—Eser et al. 2015 .
campaign

| O Denney et al. 2009 revised
- m AGN12
¢ AGN STORM full

2| 5acN sTorM 12 + Similar findings by Lu+
x Lu et al. 2016
< ol ' 2016 and recent
Q0 . T i .
S @ —F— ] campaigns
/ " T } %« |+ Explanations:

I e ' + Partially obscured BLR
42.5 43.0 43 backside (Peterson)

« Continuum prolbes only
inner part of BLR (Goad &
Korista 2014) 51



Major Results

+ We measured optical emission-line lags for NGC 5548 w.r.t.
simultaneous UV and optical continua

* Using optical continuum as proxy for driving continuum
systematically results in smaller Rg r; BH masses may be affected

+ We measured velocity-resolved lags for H[3; double-peaked
lag profile similar to C IV and Ly a

+ Optical emission line light curves show same anomalous
behavior as UV lines, and the H[3 response during the
anomaly is time-dependent

+ Given the AGN’s luminosity, the H lag is a factor of 5 shorter

than expected from its previous Rg r — Lagn relation
22



Lots of puzzles, what’s next!

+ Velocity-delay maps and dynamical modeling of

UV and optical lines (Keith’s talk,

Pancoast+)

+ More detailed velocity-resolved studies of the

BLR anomaly (Goad+)

+ Future campaigns

* More simultaneous UV and optical RM monitoring

» More LONG campaigns to check for BLR anomaly

* Revisit NGC 5548 to check on its R—L relation
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