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To observer

—— | One of the main open problem for AGN is
' the nature of the primary X-ray emission.

3.
\
7 \

hY
A}

It is due to Comptonization of soft photons, but the geometry, optical depth and
temperature of the emitting corona are largely unknown.

L
b

=50 kev
100 keV

150 keV Most popular models imply

E_.=2-3x kT_(Petrucci+00,+01),
so measuring E_ helps constraining
Comptonization models.

10
Energy (keV)




Before the launch of NUSTAR, we only had a handful of results based on
non-focusing, and therefore strongly background-dominated, satellites
BeppoSAX-PDS, Suzaku HXD-PIN, INTEGRAL, Swift-BAT

High Energy Cut—Off Distribution (bin=30) — Complete Sample
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Perola+02 De Rosa+12; Molina+13




Source { Data References
[M:] [rc] [keV]

130 0.03 0.13
NGC 5506 0.006  8+1 i 29 g0l  isitll pmfel SWIFT/NU

NGC7213 0.006 7.989032 10 071  >240 1aa 2 > 0.05 oy NU

=

- 3_

MCG-6-30-15 0.008 671 29 82  >110 20617000  >0.04 * XMM/NU 5-
e

NGC 2110 0.008  83+1 10 89 =210 LA > 0.07 s SWIFT/NU

MCG 5-23-16 0.009 7851 10 42  116'S s Bl NU 9—11

SWIFT J2127.4+5654 0014 7.18+1 13 11  108tll  208t091 011434 - XMM/NU 12—-13

IC4329A 0.016  8.1+1 i a9 1getls 1zatiY  pogtll ; SU/NU 14—15

NGC 5548 0.018 759102 45 13 70 14902  aerthl: i XMM/NU  5,16—17

Mrk 335 0ws IR 3 EIe Si4 29 > 0.06 15 SWIFT/NU  18—19

Ark 120 0.033 7.66700 44 055  >68 | Bk aprs > 0.06 XMM/NU 2021

—1
1H0707-495 0.041 6311 2 014 >63 : AR >0.02 3581337 SWIFI/NU  22-23

Fairall 9 0047 BAIL 21 087 242 1967003 > 0.08 12 XMM/NU 20,24

3C390.3 0056 940%0E W L6 116Y ke ety 1873 SUNU 25-26

CygA 0.056 940011 10 11  >110 7oL > 0.04 6%2 NU 27-28

3C382 0.058 92405 1.4 214717 168709 021%)]] 127  SWIFI/NU  29-30

F, is the 0.1-200keV X-ray flux in 10~ % ergem s 7!

References: 1:Guainazzi et al. (2010). 2:Matt et al, d2015), 3|Ursini et al! JZOISH), 4/Blank. Harnett & Jones (2005), SJEmmanoulopoulos et al. dM)
6/Marinucci et al, (2014¢), 7{Moran et al. (2007), 8 Marinucci et al. (2014a), 9{Ponti et al. (2012), 10{Zoghbi et al| (2014), 11 Balokovi¢ et al] (2015),
12Malizia et al. ﬁ2003|), 13 Marinucci et al. 42014b|)_, 14{Bianchi et al. 1*2009|), 15/Brenneman et al. d2014h, 16/Pancoast et al. (f2014h, 17{Ursini et al. (f20153]),
18!Grier et al. (2012), 19{Parker et al. (2014)), 20{Peterson et al| (2004)), 21{Matt et al. (2014), 22{Bian & Zhad (2003)), 23{Kara et al/ (2015),

24/Lohfink & Reynolds (2015), 25{Grier et all (2013), 26/Lohfink & Tombesi (2015), 27{Tadhunter et al/ (2003), 28/Reynolds et al| (2015), 29!Winter et al

[2009), 301Ballanm;e et al. t201£_l|)

Fabian+15

More observations are under scrutiny..
e.g. MCG+8-11-11 and NGC 6814: A. Tortosa's poster
NGC 7469: R. Middei's poster




NGC 5506

E_cutoff [keV]

Fairall 9

g Ark120

NGC 2110
1C4392.A EGG 7213

- Swift2127.4
3C380.2 MCG 5-23-16 =

1.7 1.8 1.9 2.0
Photon Index

E cutoff [keV]

200 400 600  —— E J

E

cut

6.5 7.0 7.5 8.0 8.5 9.0

Fa bia n+15 . log(M/M_sun)
Marinucci et al, in prep.
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100

Using compTT (Titarchuk+94) with two different geometries we get:

SLAB SPHERE
KT =70%35 keV KT =50+25keV

y=0.350.8 1=1.3%3




1. How can we translate the commonly derived photon indices and
high-energy cutoff values into
optical depths and electronic temperatures?

2. Is there a more populated region in the T-kT parameter space?

Slab Geometry
—————

Wt
1

Cutoff energy




dt=n.0O dx

Spectrum (disc 6-500, mdotO1, MBH10 ) SLAB taul kT100 - logN - 400 bins
100.00000000 T T

unscallere(li
1 scatt

2 scatt

3 seatt

4 scatt

5 scatt

>5 scait
total

Assumptions and advantages:
1. Shakura-Sunyaev neutral accretion disc
2. Extended coronae
3. Single photon approach
4. Full special relativity included
5. Polarization signal (!

I(E) [arbitrary units]

el

Wty
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1
10

Energy [keV]




We simulate a coronal configuration and fit it with a cutoff
powerlaw, retrieving the corresponding values of Ecand I

Slab Geometry

E =570 keV
r=1.6
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kT,=100 keV
T=1

Energy (keV)

Mph=10" Mgy ; M=1, kT.=100 keV; T=1




e simulate a coronal configuration and fit it with a cutoff

owerlaw, retrieving the

corresponding values of Ecand I

Slab Geometry
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Mph=10" Meyn ; M=1, kT.=100 keV; T=1
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The region of the observed parameters ranges
between kT=50-100 keV and 1=0.5-2.25

Slab Geometry
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The region of the observed parameters ranges
between kT=50-100 keV and 1=0.5-2.25
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The trend between the cutoff energy and kT discussed in
Petrucci+00,01 is observed only for low values of the optical depth
and coronal temperature

Slab Geometry
———————

kT=200 keV

kT=100 keV

kT=75 keV

kT=50 keV

1.0 1.5 1.0 1.5
Optical depth (1) Optical depth (1)

Middei+, in prep.




Cutoff energy

Slab Geometry
T T

=05

1.8 2.0
Photon index

Slab Geometry
T T

kT=200 keV

kT=100 keV

kT=75 keV

KT=50 keV

1.0 1.5
Optical depth ()

=y =
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B s

Simulations with MoCA have shown that the observed
cutoff energies and photon indices occupy
a well-defined region in the tT-kT diagram

The relation between the observed cutoff energy and kT
is a function of both the optical depth and the coronal
temperature.

We are currently working on running more simulations
and trying different geometries.
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