~Simultaneous Observations of
~ Radio and X-ray Variability in
- Radio Quiet Seyfert Galaxies

U _ Sina Chen S
2 coIIaboratlon with: Ari Laor, Ehud Behar N
Department of Phy5|cs Technlon Halfa Israei

l o

v TECHNION The Restless Nature of AGN: 10 years later

Israel Institute g;'; Vadyh
of Technology B | R T . June 26-30, 2023




Radio and X-ray correlation

N
o

* A similar relation between

~ radio and X-ray luminosities
in-both coronally active cool
~stars and RQ AGN

LR/LX ~10°°

- Radlo em:ss:on from
the corona in RQ AGN >

W
)]

w
o

[4V)
(0)

—~~
|
n
Q0
i
o
~—
24
—
Ql
o
—

N
O

. %0/ IRERERE (Laor & Behar 2008) Log Ly (erg s7')



Radio and X-ray variability in cool stars

T‘hél_\,!éupert effect in stellar corona

e , SliLoel ¢ A radio flare is followed
by a X-ray flare

count rate (cts s'l)

X-ray count rate (XMM-Newton)
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Can we see such an
effectin RQ AGN?
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Slmultaneous radio and X-ray monltormg

Three RQ Seyfert galaxies:
Mrk 110 (z 0. 035) Mrk 766 (z=0.013), NGC 4593 (z O 009)

Radlo observatlon | R
.y VLA with A/B/D cenflguratlons at 8.5 GHz
| ot 60 pomtmgs over 200 days
X ray ob§e rvggmrji"“@‘* f'.}"'i. 'A ca '"‘; % ’




NGE 4593

J2000 Declination
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Pan-STARRS color + VLA contour images =
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Mrk 110 — VLA B configuration
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Mrk 766 — VLA B configuration
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Radio I'ight curves of Mrk 110

Mrk 110
D configuration A configuration B configuration
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Radio I'ight curves of Mrk 110

Mrk 110
D configuration A configuration B configuration
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Radio I'ight curves of Mrk 766

Mrk 766
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Radio I'ight curves of NGC 4593

~ NGC 4593

A configuration . B configuration
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X-ray light curves

Mrk110: 26.1%

+« Mrk766

Mrk766: 32.3%
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Radio versus X-ray delay

Pearson cross-correlation
A tlme wmdow of 100 and +100 days and a time step of one day -
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Radio versus X-ray delay

| Is.thcvé cb'rrela.tion'really highly significant? | Ti{g:ﬁg?r-yalue p-value ;
2200 Mrk" 3 n 061 | 7.3x10°

. » | 120 | +22 | 0.74-[47q0%|

D R — | +67 | 075 [ 3.0x10+
Pt e | #4587 w060 [ 821107
4593 |0 183 r059 9.5x10°3

Positive tlme Iags mean ihat t‘rhe X—ray I|gh‘c curve Iags the radio one, and vice versa.
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Arethe delays significant?
' Look for delays over 6 years | |
’. N X-ray light curve ~ 2000 déys | There,é‘kquO
| Mrk110 X-ray overlaid with moved radio at both original and reversed time series .. pOSSibIe de‘ays With ’
r].>0.89
apparently highly "

significant - -
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+ clearly wrong!




The p(r) distribution for uncorrelated light cur_v_es:‘

Mrk 110

Py
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A factor of ~ 103 hlgher_

Theorlcal (Pearson)

p(r) = 1.0x 10
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Why'does the Pearson cross-correlation not yield the"tr.ue
distribution of p(r) for the physical uncorrelated data sets?
| Radloand X-ray v |
-variability are

SLESE S gl gae—m—r_ —— " —F :
*“red noise” - =

“The varlablllty
amplitude’i mcreases  ;
on Ionger tlme scales

>



Why does the Pearson cross-correlation not yield the true
distribution of p(r) for the physical uncorrelated data sets?

S .Ra,dic')'ejnd X-ray light curves are roughly
B 9 Asingle sihqsoidal'wave with a random phase £

A certam delay when the two light curves are in phase :
9 A hlgh |r| value '

= Conclusmn e SR LR T
Regular correlatlon cannot apply to test the s:gmflcance of the
correlation for “red néfse spectra (use Monte Carlo simulation).

/ A >
‘.{‘\‘ '(' ”’ IS .
i L - ft



Summary

" Radlo varlablllty observed in Mrk 110 and NGC 4593

kW Tentatlve time lags between radio and X-ray fluxes in Mrk 110-'

" «But the correlatlon is not significant (“red noise” spectra) |

9 Need |
ITA hrgh resolutlon flxed radio array oh
o A hlgh samplmg rate to resolve the varlab|I|ty _' **

Is there a Neupgyft;.,,effegtffrn RQ AGN?



