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* Introduction on high-energy cutoff measurements




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

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

unknown.
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Since the primary X-ray radiation
illuminates the disc and is partly reflected
towards the observer's line of sight it is
fundamental to properly take it into
account: Xillver (Garcia+13), KYreflionx
(and KYNREFREYV, see Caballero-Garcia's
talk) .
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Before the launch of NuSTAR, there were only a handful of results based on
non focusing, and therefore strongly background-dominated, satellites
(BeppoSAX-PDS, Suzaku HXD-PIN, INTEGRAL, Swift-BAT)

ngh Energy Cut—Off Distribution (bin=30) — Complefe Somple

/// B} ,
// Type 1

500

400

Number per Bin

300

o]
IIlIIIIlII!IIlI[IIIIIlI
paa e e b baaa be o lyag

E, (keV)

12

10

200

100

%

LIS L L O Y N B N ) N B ) BN B B

Number per Bin
o

Perola+2002

1.4 1.6 1.8 2 2.2

| L) LI LY LR I LR

ORI W0 O N (T A 100 O O

=]



*Nearby AGN seen by NuSTAR




Nuclear Spectroscopic Telescope Array

1 Ms Sensitivity Imaging
3.2x 10" erg/cm?/s (6 - 10 keV) HPD 58"
1.4x 10  erg/cm?/s (10 - 30 keV) FWHM 18”

Localization 2" (1-sigma)

Harrison+13
Spectral response
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Source s log(M) Teo E b /A F (€] 4 Data References
[M:)] [76] [keV]
NGC 5506 0.006 841 g 28 ell i enttlz an? SWIFT/NU 1—2
NGC7213 0.006 7.987032 10 071  >240 1.847002 > 0.05 1aty] NU 3—-4
MCG-6-30-15 0.008 67+1 29 82  >110 20617007  >004 2587232%  XMM/NU 5-6
NGC 2110 0.008  83+1 100 89  >210 16420 > 0.07 1073  SWIFT/NU 7—8
MCG 5-23-16 0.009 785+1 10 42  116%¢ 18500 BIriih  ashe NU 9—11
SWIFT J2127.4+5654 0.014 7.18+1 13 1.1 108ty 2080001 0111  34%3%  XMM/NU 12—13
IC4329A 0.016  8.1+1 0 49 186, 17300 wIg 4rtE SUNU 1415
NGC 5548 enlg 1590 45 13 Jet 14905 ety B XMMNU  5,16—17
Mk 335 06 74207 3 Bl 1M 21l > 0.06 367  SWIFI/NU  18—19
Ark 120 0.033 7.66109° 44 055  >68 .75 00 > 0.06 44 XMM/NU 2021
1HO0707-495 0.041 631+1 2 014 >63 geatas >002  358%132° SWIFINU  22-23
Fairall 9 0017 sl 21 087 S22 1.96/ 00 > 0.08 i XMM/NU 20,24
3C390.3 0056 940°0F 10 s U+ Ljetll enrpn 1813 SU/NU 25-26
CygA 0.056 940731, 10 11  >110 AT >0.04 G+2 NU 2728
3C382 0.058 92+05 10 14 214717 168709 0211311 127F  SWIFI/NU  29-30

F; is the 0.1-200 keV X-ray flux in 10" % ergem 25 1.

References: 1:Guainazzi et al| (2010), 2:Matt et al d2015|)_, 3|Ursini et al| dZOISH), 4/Blank. Harnett & Jones (2005), SIElmnanoulopoulos et al. [2014]),

6{Marinucci et al| (2014d), 7Moran et al| (2007), 8/ Marinucci et al.| (20144), 9{Ponti et al| (2012), 10|Zoghbi et al. (2014), 11:Balokovi¢ et al/ (2015),

12 Malizia et al. d2008|)_, 13/Marinucci et al d2014b|)_, 14{Bianchi et al dZOO%, 15!Brenneman et al/ (2014). 16!Pancoast et al| (2014), 17{Ursini et al, dZOlSal),

18 Grier et al] (2012), 19{Parker et al] (2014). 20 Peterson et al. (2004)), 21{Matt et al.| (2014), 22{Bian & Zhao (2003)), 23Kara et al. (2015),

24/Lohfink & Reynolds (2015). 25!Grier et al] (2013), 26:Lohfink & Tombesi (2015), 27:Tadhunter et al. (2003

{ZOOQ)_, 30{Ballan5g;e et al. {2014])

) ZSJRevnolds et al.| (TZOIS'), 29]Win’[e1‘ et a1.|




Source s log(M) Teo E b /A F (€] 4 Data References
[M:)] [76] [keV]
NGC 5506 0.006 841 10 29 B 1999  ontlB 43 SWIFT/NU 1—2
NGC7213 0.006 7.987022 10 071 [1>240 1.847002 > 0.05 1aty] NU 3—-4
MCG-6-30-15 0.008 67+1 29 82  >110 20617007  >004 2587232%  XMM/NU 5-6
NGC 2110 0.008  83+1 10 89 [=210 16420 > 0.07 1073  SWIFT/NU 7—8
MCG 5-23-16 0.009 7.85+1 10 42 [ 116%¢ 18500 BIriih  ashe NU 9—11
SWIFT J2127.415654 0.014 7.18X+1 13 1.1 [108%,; 2087001 01110  34%3%  XMM/NU 12—13
IC4329A 0.016  8.1+1 0 49 186, 17300 wIg 4rtE SUNU 1415
NGC 5548 enlg 1590 45 13 Jet 14905 ety B XMMNU  5,16—17
Mk 335 06 74207 3 Bl 1M 21l > 0.06 367  SWIFI/NU  18—19
Ark 120 0.033 7.66109° 44 055  >68 .75 00 > 0.06 44 XMM/NU 2021
1HO0707-495 0.041 631+1 2 014 >63 geatas >002  358%132° SWIFINU  22-23
Fairall 9 0017 sl 21 087 S22 1.96/ 00 > 0.08 i XMM/NU 20,24
3C390.3 0056 940°0F 10 s U+ Ljetll enrpn 1813 SU/NU 25-26
CygA 0.056 940731, 10 11  >110 AT >0.04 G+2 NU 2728
3C382 0.058 92+05 10 14 214717 168709 0211311 127F  SWIFI/NU  29-30

F; is the 0.1-200 keV X-ray flux in 10" % ergem 25 1.

References: 1:Guainazzi et al| (2010), 2:Matt et al d2015|)_, 3|Ursini et al| dZOlSH), 4/Blank. Harnett & Jones (2005), SIElmnanoulopoulos et al. [2014]),

6{Marinucci et al| (2014d), 7Moran et al| (2007), 8/ Marinucci et al.| (20144), 9{Ponti et al| (2012), 10|Zoghbi et al. (2014), 11:Balokovi¢ et al/ (2015),

12 Malizia et al. d2008|)_, 13/Marinucci et al d2014b|)_, 14{Bianchi et al dZOO%, 15!Brenneman et al/ (2014). 16!Pancoast et al| (2014), 17{Ursini et al, dZOlSal),

18 Grier et al} (2012), 19:Parker et al] (2014). 20 Peterson et al. (2004), 21{Matt et al| (2014), 22{Bian & Zhao (2003

). 23{Kara et al| (2015),

24/Lohfink & Reynolds (2015). 25!Grier et al] (2013), 26:Lohfink & Tombesi (2015), 27:Tadhunter et al. (2003

{ZOOQ)_, SO{Ballanm;e et al. {2014])

) ZSJRevnolds et al.| (T2015|), 29]Win’[e1‘ et a1.|




* Results




NLS1 with a relativistically broadened Fe Ko emission line (a=0.6%0.2), a steep
continuum (I'=2-2.4), E =30-90 keV, L_/L_, ~0.18 (Miniutti+09, Malizia+08,

Panessa+11, Sanfrutos+13)

Data—to—model ratio

It was observed simultaneously with
XMM-Newton for ~300 ks and both
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When a model composed of a primary continuum, relativistic and distant
reflection components is applied to the data the only residuals are above ~25

Marinucci+14
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normalized counts s-' keV-' cm-2

sign(data—model) x A %2

When a model composed of a primary continuum, relativistic and distant
reflection components is applied to the data the only residuals are above ~25
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Confidence contours: Chi-Squared Confidence contours: Chi—Squared
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= reflection, no cutoff
= reflection, with cutoff
""" compTT, sphere ( x1.1)
== compTT, slab ( x0.9)
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independent of the continuum model
calibration observation

(2012 July 11-12) CroMs ° 1.032£0.002  1.045+0.005
keV]  6.43+0.05 6.5707
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science observation Etine1

[
(2013 June 3-7) Oline1 | keV]  0.46 £0.06 0.5£0.2
' EWine1 [eV] 80 £ 10 80 £ 20
3.6
EWijigeo [eV] 404+ 10 50 £ 20

E-*J
i

phenomenological continuum model: pexrav

B K try:
S h et % 1163 687
3.2 y - r 1.85 4 0.01 1.83 £ 0.02
R 0.87 4 0.04 1140.1
7.4l . _ Eewt [keV ] 11617 119115

Comptonized continuum model: refl(compTT)

coronal optical depth, 7,

[y
W
T

assumed corona geometry: slab

X~ 1163 688
R 0.84 & 0.04 1.1+0.1
kT. [keV ] 29+ 2 30 £3
Te 1.23 +0.08 1.2+01
Bi..=119" 0 kel assumed corona geometry: sphere
1.1¢ E(_'ut —116 —if% kev “" XIJ 1161 688
R 0.82 4 0.04 1.0+£0.1
: ; : : : : : kT. [keV ] 25+ 2 26 £3
G Zv o 24 B Do B . 3.540.2 3.540.3

coronal temperature, &7, [ keV ]



high-energy cutoff ( keV )

In other bright sources, high values or lower limits to the cutoff energy have
been found, suggesting the presence of a very hot corona surrounding the
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* Conclusions and future perspectives




* High energy cut-off have been measured in a number of AGN with NuSTAR
(more are yet to come!)

* They are not ubiquitous

* The hard X-ray band (3-80 keV) is fundamental for testing and discriminating
between different Comptonization models

* Further observations will help us in understanding the nature of the primary
continuum, such as the relation between the accretion rate and the cutoff
energy and the link between the disc reflection and the extension of the hot
corona.

Andrea Marinucci



* X-ray missions in the next decade will be fundamental to infer the geometry of

the corona (Athena, XIPE)
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