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Soft X-Ray Excess (SE)

(1 Excess flux below ~2 keV above continuum flux
L Ubiquitous among NLS1s and PG QSOs

[ Can be universally “fitted” by BB of ~100 — 200 eV

Arnaud85, Boller+96, Leighly+99, Gierlinski+04 Zhong&Wang13
Crummy+06, Boissay+16...etc.

kT ~10(m/ My)" eV

Fact:
AGN SS-disk fails to be hot

enough...




Outstanding Questions

v' Region/Geometry?

v' Physical process(es)?
v’ Expected Correlations?

Plausible Scenarios:

(1) Continuum absorbed by fast ionized winds
Schurch&Done(06,08), GierlinskiO4, Middleton+07

(2) A series of (relativistically) blurred emission lines

Miniutti&Fabian04, Kara15, Ross&Fabian05, Crummy+06, Ponti+10
De Marco+13

(3) Comptonization
Petrucci+04, Mehdipour+11, Done+12, Zhong&Wang13, Di Gesu+14
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Known(?) issues

(1) Continuum absorbed by fast winds
Schurch&Done06/08, GierlinskiO4, Middleton+07 d (V/C )

s extremeé relativistic spee

v require Schurch&Done(06,08)

(2) A series of (relativistically) blurred emission lines
Miniutti&Fabian04, Kara15, Ross&Fabian05, Crummy+06, Ponti+10, De Marco+13

4 expec’fiﬂg correlation w/ hard X-rays Vasudevan+14

elation b/w SE and Reflection

v’ No apparent COH’79 Seyferts with XMM-Swift/BAT Boissay+16

from a sample of
v Soft/reflection lags don't (always) go together (multiple

reflectors!?)

v Reflection not accounting for SE simultaneously

Jin+13, Kara+14, Porquet+



PunCh Line Fukumura+16

Shock Front

0 ¢ Upstream Plasma. . .
AR, - plunging in from “disk”
Plasma (with V,and V)
BH . | - forming a shock front within

the plunging region
- creating hot downstream
=» compact magnetized “corona”

o
Co :

Thermal Seed Photons
- falling onto “corona” (aided by GR light bending)
- Compton up-scattered by hot electrons = producing soft excess

“Magnetized coronae in plunging region”
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Coronae in GRMHD Simulations

/

b Temperature

Koide+(98,99,00)
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Model Description

(1) Steady-state, axisymmetric ideal GRMHD under strong
gravity

P (1 B 2M'r) i+ 4Mar sin® 0 Asin’ 0
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Fast MHD shock
BH spin: a/M = 0.5

0 22 24
radius r/ry radius r/ry




Comptonization in Downstream

BD(epl/gh kﬂn)

d€p1
Gpl

Comptonized photon intensity

AF s . .. :
2 bS // IR RN IR OB -> Integrating over Comptonizing region
r downstream

Fukumura+16
Shock heating in downstream plasma efficiently converted to electron energy

How does spectrum look like?
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Comptonized Spectrum

Normalized Comptonized spectra (plasma rest frame) for kT,, = 30 eV & 6, = 30°

KTin =30 eV
O ops = 30° Shock location r,, determines KT,
= kT, determines spectrum:

Gray:
33 keV, 250 keV, 378 keV for a/M = -
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Thin black:
75 keV, 125 keV, 256 keV for a/M =0

Thick black:
126 keV, 179 keV, 296 keV for a/M = 0.5

Primary Model Parameters: kT, , kT, for a given BH spin a

obs !
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Case Study

60 ks XMM—Newton/EPIC—pn spectrum of Ark120
T T [ T 1

a/M=0.5 ]
v 2/dof = 1014.64/944 |
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Fast=1.90 Rsco/R, = 4.23

Best-fit model with a/M = 0.5 horizon = 1.87
0, = 36.6°

kT. =21.6[eV]

kT, = 144.3 [keV] Shock = 1.99

Alfven = 2.48
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Preliminary Analysis

Confidence contours: Chi-Squared
cross = 1.010e+03; Levels = 1.013e+03 1.015e+03 1.020e+03
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fukumukx 28-Dec-2016 14:03|

Best-fit model with a/M = 0.5
O, = 19.9°, kT, = 10.3 [eV], kT, = 231.7 [keV]
v?/dof = 855.47/882




More Preliminary Analysis

Confidence contours: Chi-Squared

Confidence contours: Chi—Squared
.313e+02; Levels = 2.336e+02 2.360e+02 2.406e+02

Confidence contours: Chi-Squared
2.988e+02; Levels = 3.011e+02 3.034e+02 3

e+02; Levels = 3.201e+02 3.224e+02 3.270e+02

Parameter: kTe(keV)
Parameter: kTe(keV)
Parameter: kTe(keV)

104 10.6 . 104 10.6 . 11
Parameter: kTbb(eV) Parameter: kTbb(eV)

fukumukx 5-Jan-20

Confidence contou

Confidence contours: Chi-Squared
1.417e+02; Lev

o cross =9.930e+02; Leve .93 2 9.976e+02 1.002¢+03
o«

Parameter: kTe(keV)
Parameter: kTe(keV)

104 10.6

: p 0. 102 103
ameter: kTbb(eV) meter: kTbb(eV) Parameter: kTbb(eV)

e.g. a/M = 0.5 case: QO Constrained reasonably well

O High e energy (~100-200 keV)
1 Compact magnetized coronae (R/Rg ~ 2-5)



Take-Away

* We consider ideal GRMHD accretion

» Accretion developing into shocks

» Electron energy up to kT, ~ 100 - 200 keV

< Disk photons to be Compton up- scattered

=>» imprint the 'soft excess” signature

00 00 00

00

Possible to have a compact (R/Rg~2—5) magnetized
“corona” near black hole

Provides an independent Comptonizing region almost
exclusively for SE

= “independent of continuum/retlection”
T, assumed to be smaller in the plunging region than

Haardt&Maraschi 2-phase model (1993)
d PL continuum produced perhaps on disk surface(?)
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END
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Assumption of ISCO Truncation

Plunging region inside ISCO

3-D MHD simulation of a geometrically-thin
accretion disk

Clearly shows transition at the ISCO which
will lead to truncationiniron line emission

Reynolds & Fabian (2008)




