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Since the 1980’s, standard picture has 
been that the nuclear X-ray emission from 
most RLQs largely arises from their jets.

Based on extensive analyses of new  
high-quality samples, we believe that 
the nuclear X-ray emission largely arises 
from the corona for most RLQs.

There are exceptions – rare, highly 
radio-luminous flat-spectrum RLQs.
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Brief Sample Description
Work with SDSS DR14 RLQs optically selected from 9376 deg2 – radio
data from FIRST and NVSS are visually inspected. 

Select those with sensitive Chandra or XMM-Newton coverage. 

Results in 729 well-characterized RLQs at z ~ 0.5-3.5: 

• Mostly serendipitous X-ray coverage (minimizes biases)
• 90.1% are X-ray detected
• 96.6% have radio-slope measurements (e.g., VLASS)
• Multiwavelength SEDs from radio, WISE, VISTA, UKIDSS, SDSS, X-ray
• SDSS spectra with strong broad lines

We use appropriate subsets of these 729 RLQs for the various studies.
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X-ray vs. UV Luminosity Correlations

Radio-quiet quasars (RQQs)
follow a long-established 
correlation between X-ray 
(corona) and UV (disk) 
luminosities.

Steep-spectrum RLQs follow
almost the same correlation
quantitatively, just offset to 
higher normalization – indicates
they may have coronal X-rays.

Flat-spectrum RLQs show a 
somewhat steeper correlation, 
indicating likely jet contributions
to X-ray emission, at least
sometimes.
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Splitting into Radio-Loudness Bins
The normalization for SSRQs
increases smoothly with R,
retaining the RQQ-relation slope.

Appears to be RQQ-like coronal
emission with a jet-linked X-ray
“volume control”. 

That is, a corona-jet connection. 

FSRQs progressively depart
from the RQQ-relation slope 
as R increases.



Statistical Model Selection
We performed statistical model selection, aiming to 
compare critically the different possible interpretations.

Use Akaike and Bayesian Information Criteria. 

The data generally prefer the coronal scenario with 
a corona-jet connection for SSRQs and RLQs in general.

A distinct jet X-ray component is likely important for 
a small portion of FSRQs.

See Zhu et al. (2020) for the many details.
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RLQ Power-Law Continuum Slopes
Median G of RLQs close to 
that of matched RQQs.

Steeper than for past RLQ 
samples with X-ray spectra.

Past samples were small
and heterogeneous, with 
over-representation of 
radio-selected FSRQs
(beamed objects).

No strong correlations
of G with

• Radio loudness
• LX / LX,RQQ

333 RLQs



RLQ X-ray Reflection Features
Stacking of 216 RLQs 

If X-ray emission largely beamed 
from jets, reflection should be weak.

Stacked RLQ spectra show Fe Ka
emission with total EW ≈ 190 eV, 
consistent with matched RQQs.

Also, suggestive evidence for 
the Compton-reflection hump.

All as expected for coronal origin.

XRISM and Athena needed for 
individual X-ray spectral studies.

Long-term X-ray variability for 105
RLQs consistent with coronal X-rays.
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aox-He II EW Relation for RLQs vs. RQQs

Tracer of EUV Continuum at 4+ Ry
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For most RLQs, when the X-rays are brighter the unbeamed EUV making 
He II is correspondingly brighter – not expected for beamed jet X-rays.

Exception is for highly radio-luminous FSRQs, owing to expected jet X-rays.



Additional Implications
of

Our Results



Improve unification of quasars and BH X-ray binaries; the 
latter also generally have corona-dominated X-ray emission 
when launching jets.

Allow identification of the aox – LUV relation for RQQs as 
quasar “jet line” in hardness-intensity diagram.

BH spin alone probably does not control quasar radio 
loudness – magnetic flux/topology also likely critical.

XRISM and Athena spectral/variability studies of X-ray
continua and reflection can extend these ideas.



The End

A 38-minute version of this talk is available on YouTube: 
https://www.youtube.com/watch?v=cfG-sGSEJ7E


