On the black hole mass and soft X-ray lag
relation in radio quiet AGN

AB. De MQI‘CO
Ctlniversi? v of Bo/ ogna
I/\/4F/I4§F‘BO/O\9HQ = IZ‘d/y>

Collaborators:
M. Cappi, M. Dadina (INAF/IASF Bologra, Iz‘a/y>

G. Ponti (Urvers ity of’ Southampton, UK )

P. UtZ/ey (U. niversity of Armsterdart, Netherlands)

G. Minietti (CAB/CSIC-INTH, Madrid, Spain)

A.C. Fabian, EM. Cackett ( Institute of Astronor, Cambridge, UK)

Letler swbrntded in MNKAS — arXivi 1201.0194



Typical X-ray Spectrum of a Seyfert 1 Galaxy
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YARD X-KAY LAGS IN AGN & XK B

At relatively low frequencies “positive” soft-to-hard lags are detected,
having similar Fourier-frequency trend...
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YARD X-KAY LAGS IN AGN & XK B

...and energy dependence

Galactic BH
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SOF7 LAGS

1H 0707-495
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Several detections:
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Se\/erd/ detections:
1H 0707-495

0.3-1 vs 1-4 ke V]

PG1211+143
0.3-0.7 vs 210 keV

2001 l L 2004

el L .1 1 T S T - | L i i ) - : E
10 = 3 M
Temporal Frequency (Hz) L . 2007a+b - ‘ ]

—4

. . -
Fabian +09, Zoghbi +10, +11 . + t T .__+_+_T_§

Mrk 1040

—
w
>
L

‘I.’
al
%
>
£
e

10 10 107

MPK I?66 Frequency (Hz)
MCG-6-30-15 REJ1034+396 De Marco +11

Energy (keV)

0.4-0.6 vs 1.5-2 keV |

—~

Tripathi +11

£
wuding Rev 959 4

Mek 765 (Full

0.5-1.5 vs 2-4 ke V! i |

I .‘._._*"—'- .‘
3 3 3aeail 3 WETTL 3

- %107 1€ %1073 =S 10-‘ 10
Frequency (Hz) Frequency (Hz)

Emmanoulopoulos, McHardy & _ .
Papadakis 2011 Zoghbi & Fabian 2011

-3




INTERPRETATIONS

Inner disk reverberation
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Low mass (1Y 0202-495) vis high mass ( P(71211414/3)

SourCesS:
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Low mass (1Y 0202-495) vis high mass ( P(712114143)

SouUrleS:
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Lo mass (5 0202-498) vs /7/5;/7 mass ( Pi214143)
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Low mass (1Y 0202-495) vis high mass ( P(712114143)
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Lo mass (Y 0202-498) vs A1gh mass ( P1214+143)
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Lo mass (Y 0202-498) vs A1gh mass ( P1214+143)
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Low mass (Y 0202-498) vs A1gh mass ( PF1214143)
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Our project:

The sample

well-exposed, unobscured (Nz<2el2 cm”-2) radio
quiet AGN in CAIXAvar sample (Ponti +11, subsample

of CAIXA by Bianchi +09)

+ at least one 40ks XMM observation as
of June 2010

+ published BH mass estimate

+ estimated excess variance (0.3-10 keV) #0

3 sources




Details aboud Zhe aha/, VSIS

EPIC pn data
Multiple observation combined

Selected energy bands dominated by the soft excess
and primary power law (typically 0.3-1 vs 1-5 keV)

Coherence + lag spectra (in Fourier-frequency
domain, Nowak +99)

Detection requirements: combined significance 220 +
coherence significantly #0




5 Sofl/neqative /. ag detections:
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15 St/ nejyaz‘/\/e /. ag detections:
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7 NEW DETECTIONS soft lags
& orders of magnitude in mass (~0.04-7.59x10"7

Mso1), lag magnitude (~10-500s) and frequency
(~0.07-4 x 10"-3 Hz)
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Non detections:

Some edep/ esS....
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Non detections:

Some examp/ esS....
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Discwussion of reswu/ts:

- 7 new detections of soft lags

- Soft lag time scales (frequency and amplitude) do show a
highly significant correlation with the BH mass

- Non detections consistent with the correlation (significant
detection precluded by statistics)




D/Scaé\f/on of reswu/ts:

- 7 new detections of soft lags

- Soft lag time scales (frequency and amplitude) do show a
highly significant correlation with the BH mass

- Non detections consistent with the correlation (significant
detection precluded by statistics)

Naturally expected in a reverberation scenario given that:

te=r¢/Cc = GM/C"S

te oc M

The gravitational radius light crossing time scales linearly with
the BH mass




DisSceusSion of reswu/ts:
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D/Scaééz‘on of reswu/ts:

High BH Masss
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DisSceusSion of reswu/ts:
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Involved distances are very small!!l!




Concl/lusions:

In good agreement with prediction of reflection models
in standard Shakura-Sunyaev accretion discs

Understanding soft 1lags properties will allow to
probe the physics and geometry of the inner regions
of AGN
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