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• 10% of the galaxies harbor a AGN 
in their center

• They are (roughly) divided into 
radio-quiet (no/weak jet) and 
radio-loud (jet) AGN

• Black hole mass
105Msun < MBH < 1010Msun
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• Gravitational  radius: Rg =
𝒢MBH

c2
= 1.5 × 105 MBH

Msun
cm
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Same BH environment but different scales!
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Reynolds (ARA&A 2021)

• Inner Stable Circular Orbit (ISCO): 
the smallest marginally stable 
circular orbit in which a test particle 
can stably orbit a massive object in 
general relativity

15 km in a  BH  1 AU in a  BH  ⇒ 10 M⊙ ≡ 108 M⊙



• Keplerian frequency at ISCO: 

• Eddington luminosity:  erg s-1 (when 
emitted isotropically) would produce a radiative force on fully 
ionized hydrogen that balances gravity.

ΩK(RISCO) =
GMBH

R3
ISCO

=
c

RISCO

Rg

RISCO

LEdd =
4π𝒢MBHmpc

σT
≃ 1.3 × 1038 MBH

M⊙
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 for a  BHΩK(RISCO) ≃ 104Hz 10 M⊙

 for a  BHΩK(RISCO) ≃ 10−3Hz 108 M⊙

 10 ms in a  BH  100 ks in a  BH  ⇒ 10 M⊙ ≡ 108 M⊙

 in a  BH    in a  BH  ⇒ 3.4 × 105L⊙ 10 M⊙ ≡ 3.4 × 1012L⊙ 108 M⊙

Same BH environment but different scales!



Accretion disk
Reynolds (ARA&A 2021)

« Due to the angular momentum that infalling matter will inevitably possess, 
accreting matter will form a rotationally supported disk around the black hole. »

1. the system is in a steady state with an inward mass flux that is constant with radius 
(i.e., mass loss due to disk winds is negligible) 

2. the accreting matter loses angular momentum via stresses internal to the disk (i.e., 
external torques due to a large-scale magnetic field are negligible) 

3. the energy dissipated in the flow is radiated locally 

Assuming:

Teff(R) = 3.3 × 107η−1/4 ( M
10M⊙ )

−1/4

( L
LEdd )

1/4

(
Rg

R )
3/4

(1 −
RISCO

R )
1/4

K

with  the « radiative efficicency » i.e. the efficiency with which accreting matter 
is converted into electromagnetic (EM) radiation

η =
L
·Mc2
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Shakura & Sunyaev (1973)



Accretion disk

momentum. A closed-form expression for D(r) for the fully relativistic theory can be written
down (Novikov & Thorne 1973) but is cumbersome. Intuition is best gained from the Newtonian
result,

D(r) = 3GMṀ
4πr3

(

1 −
√
risco(a)
r

)

10.

(Shakura & Sunyaev 1973, Pringle 1981). Far from the ISCO (r " risco), the disk locally dissipates
and radiates three times more energy than that given up gravitationally by the local in!owing
matter. The additional energy comes from the work done by viscous torques. To compensate, the
inner disk dissipates much less than the energy given up by the accreting matter; this energy is
transported outward in the disk by viscous forces.

The dissipated energy emerges from the disk photosphere as thermal radiation with effective
temperature given by D(r) = 2σSBT 4

eff(r), where the factor of two accounts for the two radiating
sides of the disk (i.e., the top and bottom of the disk). Evaluating, again using the Newtonian
model in order to gain intuition, we obtain

Teff = 3.3 × 107η−1/4
(

M
10M$

)−1/4 ( L
LEdd

)1/4 ( rg
r

)3/4 (
1 −

√
risco
r

)1/4

K, 11.

where L/LEdd = Ṁ/ṀEdd is the Eddington ratio of the system. In our simple Newtonian disk
model, the radiative ef"ciency will simply be η = rg/2risco.Maximizing Equation 11 over radii, we
"nd that the effective temperature will reach a peak value,

Teff,max = 6.16 × 106η−1/4
(

M
10M$

)−1/4 ( L
LEdd

)1/4 ( risco
rg

)−3/4

K, 12.

at a radius of rpeak = 25
9 risco. Using a "ducial Eddington ratio of 10%, we see that the thermal

spectrum of an accreting stellar-mass black hole (M ∼ 10M$) peaks at Teff ≈ few × 106 K, corre-
sponding to kT ≈ few × 0.1 keV, i.e., soft X-rays. By contrast, the thermal spectrum of an AGN
(M ∼ 106−9 M$) will peak at Teff ∼ 105–6 K, corresponding to kT ∼ 10–100 eV, i.e., the extreme
ultraviolet (EUV). The fact that the EUV is very heavily extinguished by the interstellar medium
of our Galaxy immediately makes it challenging to study the peak of the thermal emission in many
AGNs.

It can be seen from Equation 11 that, for a given mass and Eddington ratio,Teff,max will increase
as the spin a increases due to the corresponding decrease in risco.Figure 4a shows fully relativistic
models of thermal disk spectra for parameters relevant to an accreting stellar-mass black hole in an
X-ray binary system. These disk-integrated spectra are much broader than a single temperature
blackbody, but the peak and the high-frequency decline of the spectrum will be dominated by
the hottest part of the disk. For a constant accretion rate, the spin dependence of Tmax is strong,
leading to changes by factors of ∼3–4 in both the energy and normalization of the peak of the
spectrum as one scans through the full range of spins a ∈ (−1, 1).

An important technicality is that the emergent radiation from the accretion disk photo-
sphere will never strictly be a blackbody owing to scattering and absorption processes within
the disk atmosphere. In the hot disks around stellar-mass black holes, energy-independent elec-
tron scattering dominates and the local thermal spectrum will have an intensity of the form
Iν = Bν ( fcolTeff )/f 4col, where Bν (T ) is the usual Planck function describing blackbody radiation and
fcol ∼ 1–2 is known as the color correction factor. In other words, the local thermal spectrum has
the shape of a blackbody with temperature Tcol = fcolTeff but has a total !ux corresponding to a
blackbody with the temperature Teff. Thus, the peak of the observed thermal spectrum from the
disk is shifted upward by a factor of fcol compared with the naive expectations, and it is obviously
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๏The larger the mass the cooler the disk. It radiates: 

7

๏ Radiative efficiency  from ~10% for a=0 to 40% for a=1η

in UV for SMBH, 
in soft X for 10  BHM⊙

๏  

Reynolds (ARA&A 2021)Shakura & Sunyaev (1973)



X-ray bright sources
X-ray binaries AGN

Saeqa Dil Vrtilek webpage

Padovani et al. (2017)
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X-ray bright sources

But X-rays cannot be produced by the accretion disk…. 
need a hot plasma: the hot corona

Dunn et al. (2010)

X-ray binaries AGN

log10(LBol /LEdd)
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Bianchi et al. (2009)

quasar

Seyfert

log10(LX /LEdd)

LX ∼ Lbol ∼ 1 − 100 % LEdd
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• Observed variability of the order of 
the dynamical time scale (ms in 
XrB, hours in AGN)

Hot corona size

• Variabil i ty constraints: If the 
luminosity of an unresolved source 
varies significantly in a time scale 

, then the radius  of the 
source can be no larger than 
ΔT RX

cΔT

ΔT

RX < cΔT ∼ few Rg
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Hot corona size

• Microlensing

C
hartas et al. (2016)

2 Chartas et. al.: Gravitational Lensing Size Scales for Quasars
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Fig. 1 X-ray half-light radii of quasars as determined
from our microlensing analysis versus their black hole
masses.

dius of the X-ray emission region to have an upper limit
of log(r1/2/cm) = 15.33 (95% confidence), a low inclination
angle is preferred statistically, the mean mass of the stars in
the lensing galaxy (<M>) ranges between 0.1 and 0.4 M!

and the slope of the size-wavelength relation r1/2 ∝ λξ , is
ξ = 1.0+0.30

−0.56. The majority of the observed continuum X-
ray emission is found to originate within ∼ 30rg, assum-
ing a black hole estimate of MBH = 5.9 × 108 M! based
on the width of the Hβ line (Assef et al. 2011). Based on
this black hole mass estimate the gravitational radius of
HE 1104−1805 is rg = 8.7 × 1013 cm.

In MacLeod et al. 2015 we analyze the light-curves of
z = 1.524 quasar SDSS 0924+0219 using static microlens-
ing magnification patterns. SDSS J0924+0219 has been ob-
served at a variety of wavelengths ranging from the near-
infrared to X-ray. Our microlensing analysis in this system
constrains the soft-X-ray, UV, and optical half-light radii to
be 2.5+10

−2 ×1014 cm, 8+24
−7 × 1014 cm, and ∼ 5+5.

−2.5 × 1015
cm, respectively. Assuming the MgII based black-hole es-
timate of MBH = 2.8 × 108 M! the majority of the soft
X-ray emission of SDSS 0924+0219 originates within ∼
30 rg. The gravitational radius of SDSS 0924+0219 is rg =
4.12 × 1013 cm.

In Dai et al. 2010 and Chartas et al. 2009 we analyze the
light-curves of z = 0.658 quasar RX J1131−1231. We find
the X-ray and optical half-light radii to be 2.3 × 1014 cm
and 1.3 × 1015 cm, respectively. These sizes correspond to
∼ 26rg and ∼ 147rg, respectively.

An important result found in all microlensing studies is
that optical sizes of quasar accretion disks as inferred from
the microlensing analysis are significantly larger than those
predicted by thin-disk theory. Specifically, measurements of
the radius of the accretion disk at 2500Å rest-frame indicate
that the sizes obtained frommicrolensing measurements are
2–3 times larger than the values predicted by thin-disk the-
ory (e.g., Morgan et al. 2010, Mosquera et al. 2013).

In Figure 1 we present the X-ray half-light radii of
quasars from recent microlensing studies of lensed systems
observed as part of our monitoring program (MacLeod et al.
2015, Blackburne et al. 2014, 2015, Mosquera et al. 2013,
Morgan et al. 2008, 2012, Dai et al. 2010, and Chartas et
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Fig. 2 Evolution of the Fe Kα line possibly caused by the
motion of a magnification caustic as it moves away from the
center of the black hole.

al. 2009). Included in Figure 1 are the uncertainties of the
black-hole mass estimates and uncertainties in the size es-
timates. The X-ray sizes of the quasars in our sample are
found to be close to the sizes of their innermost stable circu-
lar orbits. Assuming that most of the X-ray emission in the
band detected originates from the hot X-ray corona, these
results indicate that the corona is very compact and not ex-
tended over a large portion of the accretion disk.

3 Estimating the Inner Most Stable Circular
Orbit Using Microlensing

RX J1131−1231 has been monitored 38 times over a pe-
riod of 10 years with the Chandra X-ray Observatory. As
reported in Chartas el al. 2012, redshifted and blueshifted
Fe Ka lines have been detected in the spectra of the lensed
images.

In Figure 2 we show the evolution of the red and blue
components of the Fe Kα line possibly caused by the mo-
tion of a magnification caustic as it moves away from the
center of the black hole. We interpret the shift of the Fe Kα
line as resulting from general relativistic and special rela-
tivistic Doppler effects. As shown in Figure 3, the two red-
shifted iron lines in the Jan 1, 2007 observation are each
detected at the ≥ 99% confidence and the iron lines in the
Feb 13, 2007 observation are each marginally detected at
the ≥ 90% confidence level (Figure 3).

c© 2016 WILEY-VCH Verlag GmbH&Co. KGaA, Weinheim www.an-journal.org
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Hot corona emission

Ricci et al. (2018)

It shows a cut-off power law shape
Bianchi et al. (2009)

Photon index
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Zdziarski et al. (1996)
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Hot corona radiative process
•Cut-off power law shape well explains by 
thermal comptonisation on surrounding 
photons (=from the accretion disk)



Hot corona radiative process
•Cut-off power law shape well explains by 
thermal comptonisation on surrounding 
photons (=from the accretion disk)

• For thermal plasma with electron 
temperature Te  and optical depth 𝝉

Mean change in energy per scatterings:

Mean number of scatterings:

P ' (1� e�⌧ )

Mean probability of being scattered:

ΔE
E

=
4kTe

mec2
+ 16 ( kTe

mec2 )
2

ΔEn0

n0(1 − e−τ)



Hot corona radiative process
•Cut-off power law shape well explains by 
thermal comptonisation on surrounding 
photons (=from the accretion disk)

• For thermal plasma with electron 
temperature Te  and optical depth 𝝉

Seed 
photons

X-ray photons

with 𝚪(Te,𝝉) and Ec(Te,𝝉)

FE / E�� exp

✓
� E

Ec

◆

For E>>E0, the spectral shape is 
generally approximated by a cut-off 
power law shape: 



Disk-corona structure
The Astrophysical Journal, 788:48 (13pp), 2014 June 10 Shappee et al.

Figure 8. Upper panel (lower panel): measured time lags between variations
in the Swift’s UVOT uvw2-band (Swift’s XRT X-ray) flux and the redder
photometric bands as a function of wavelength. There is a clear trend that
redder bands have larger lags, with the UV, optical, and NIR lagging 2–3, 3–6,
and 6–9 days behind the X-rays, respectively. The black dashed and solid lines
show the best-fit power law and best-fit power law with a zero-point offset,
respectively.
(A color version of this figure is available in the online journal.)

Table 3
Measured Time Lags and Smoothing Scales

Band UV Lag X-Ray Lag UV Smoothing X-Ray Smoothing

days days

uvw2swift −0.00+0.04
−0.04 2.20+0.51

−0.39 0.21+0.14
−0.26 3.42+3.33

−0.67

uvm2swift 0.09+0.08
−0.11 2.51+0.38

−0.69 0.54+0.32
−0.55 3.52+1.79

−1.05

uvw1swift 0.72+0.18
−0.18 3.22+0.21

−0.22 2.65+0.84
−0.75 7.82+4.57

−0.85

u,Uswift 0.94+0.15
−0.15 3.32+0.23

−0.22 3.45+0.69
−0.74 8.19+0.66

−0.64

g, B, Bswift 0.68+0.19
−0.18 3.09+0.25

−0.26 2.67+1.01
−1.05 8.58+0.75

−0.75

V, Vswift 1.13+0.32
−0.31 3.41+0.44

−0.42 2.85+1.82
−2.40 8.90+2.79

−2.81

R, r 2.34+0.50
−0.85 4.78+1.87

−3.34 3.72+2.72
−3.62 7.69+6.23

−5.08

I, i 3.13+0.89
−1.79 4.88+1.17

−1.78 3.27+2.35
−3.95 8.88+3.18

−3.54

Z 2.55+0.39
−0.43 5.08+0.77

−1.08 4.42+2.92
−1.85 9.96+3.05

−1.50

Y 2.79+0.51
−0.64 5.49+1.16

−2.60 3.77+2.35
−2.69 9.08+7.26

−3.20

J 4.62+0.90
−1.80 6.36+0.85

−1.28 6.02+3.44
−7.81 7.40+3.91

−3.54

H 6.61+1.69
−2.38 7.59+1.52

−1.80 8.79+5.73
−10.86 10.76+5.68

−10.91

K 8.66+1.53
−1.00 8.42+1.14

−0.98 9.32+6.00
−11.91 11.05+9.63

−35.82

The measured time lags are presented in Table 3. The upper
panel (lower panel) of Figure 8 shows the measured time lags
between the Swift’s UVOT uvw2-band (Swift’s XRT X-ray)
flux and the redward photometric bands’ flux as a function of
wavelength. There is a clear trend that redder bands have larger

Figure 9. Upper panel: (lower panel:) measured widths for the transfer function
between the Swift’s UVOT uvw2-band (Swift’s XRT X-ray) flux and the redder
photometric bands as a function of wavelength. There is a reasonably clear trend
that redder bands have wider transfer functions and thus smoother light curves.
(A color version of this figure is available in the online journal.)

lags, with the UV and NIR lagging 2–3 and 6–9 days behind the
X-rays, respectively. We then fit a power law and a power law
with a zero-point offset to the X-ray lags. The best fits are

tlag = (0.38 ± 0.19) ×
(

λ

nm

)0.37±0.08

days (2)

and

tlag =
(

(2.43 ± 0.46) + (2.5 ± 0.7) ×
(

λ

µm

)1.18±0.33
)

days,

(3)
where tlag is the time lag as a function of wavelength (λ),
respectively. The chi-square per degree of freedom for the fits
are 1.48 and 0.97, respectively. The F-test confidence level for
the addition of the temporal offset parameter is 94.2%. The zero-
point of the second fit (2.43±0.46 days) is in agreement with the
non-geometric delay required by the simple quantitative model
presented in Section 4 to reproduce the observed UV–NIR
light curves. Furthermore, depending on whether dissipation
or irradiation dominates, we would expect tlag ∝ λα with
4/3 ! α ! 2 (see Equation (4)). The results for Equation (3) are
consistent with the shallower slopes where dissipation remains
the dominant heating mechanism.

The JAVELIN models also smooth the reference light curves
with a top hat filter, and the wavelength-dependent top hat widths
are presented in Table 3 and shown in Figure 9. The upper
panel (lower panel) of Figure 9 shows the width of the transfer
function between the Swift’s UVOT uvw2-band (Swift’s XRT
X-ray) flux and the redward photometric bands’ flux as a
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show the best-fit power law and best-fit power law with a zero-point offset,
respectively.
(A color version of this figure is available in the online journal.)
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lags, with the UV and NIR lagging 2–3 and 6–9 days behind the
X-rays, respectively. We then fit a power law and a power law
with a zero-point offset to the X-ray lags. The best fits are

tlag = (0.38 ± 0.19) ×
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and
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(2.43 ± 0.46) + (2.5 ± 0.7) ×
(
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)
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(3)
where tlag is the time lag as a function of wavelength (λ),
respectively. The chi-square per degree of freedom for the fits
are 1.48 and 0.97, respectively. The F-test confidence level for
the addition of the temporal offset parameter is 94.2%. The zero-
point of the second fit (2.43±0.46 days) is in agreement with the
non-geometric delay required by the simple quantitative model
presented in Section 4 to reproduce the observed UV–NIR
light curves. Furthermore, depending on whether dissipation
or irradiation dominates, we would expect tlag ∝ λα with
4/3 ! α ! 2 (see Equation (4)). The results for Equation (3) are
consistent with the shallower slopes where dissipation remains
the dominant heating mechanism.

The JAVELIN models also smooth the reference light curves
with a top hat filter, and the wavelength-dependent top hat widths
are presented in Table 3 and shown in Figure 9. The upper
panel (lower panel) of Figure 9 shows the width of the transfer
function between the Swift’s UVOT uvw2-band (Swift’s XRT
X-ray) flux and the redward photometric bands’ flux as a
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Figure 8. Upper panel (lower panel): measured time lags between variations
in the Swift’s UVOT uvw2-band (Swift’s XRT X-ray) flux and the redder
photometric bands as a function of wavelength. There is a clear trend that
redder bands have larger lags, with the UV, optical, and NIR lagging 2–3, 3–6,
and 6–9 days behind the X-rays, respectively. The black dashed and solid lines
show the best-fit power law and best-fit power law with a zero-point offset,
respectively.
(A color version of this figure is available in the online journal.)

Table 3
Measured Time Lags and Smoothing Scales

Band UV Lag X-Ray Lag UV Smoothing X-Ray Smoothing

days days

uvw2swift −0.00+0.04
−0.04 2.20+0.51

−0.39 0.21+0.14
−0.26 3.42+3.33

−0.67

uvm2swift 0.09+0.08
−0.11 2.51+0.38

−0.69 0.54+0.32
−0.55 3.52+1.79

−1.05

uvw1swift 0.72+0.18
−0.18 3.22+0.21

−0.22 2.65+0.84
−0.75 7.82+4.57

−0.85

u,Uswift 0.94+0.15
−0.15 3.32+0.23

−0.22 3.45+0.69
−0.74 8.19+0.66

−0.64

g, B, Bswift 0.68+0.19
−0.18 3.09+0.25

−0.26 2.67+1.01
−1.05 8.58+0.75

−0.75

V, Vswift 1.13+0.32
−0.31 3.41+0.44

−0.42 2.85+1.82
−2.40 8.90+2.79

−2.81

R, r 2.34+0.50
−0.85 4.78+1.87

−3.34 3.72+2.72
−3.62 7.69+6.23

−5.08

I, i 3.13+0.89
−1.79 4.88+1.17

−1.78 3.27+2.35
−3.95 8.88+3.18

−3.54

Z 2.55+0.39
−0.43 5.08+0.77

−1.08 4.42+2.92
−1.85 9.96+3.05

−1.50

Y 2.79+0.51
−0.64 5.49+1.16

−2.60 3.77+2.35
−2.69 9.08+7.26

−3.20

J 4.62+0.90
−1.80 6.36+0.85

−1.28 6.02+3.44
−7.81 7.40+3.91

−3.54

H 6.61+1.69
−2.38 7.59+1.52

−1.80 8.79+5.73
−10.86 10.76+5.68

−10.91

K 8.66+1.53
−1.00 8.42+1.14

−0.98 9.32+6.00
−11.91 11.05+9.63

−35.82

The measured time lags are presented in Table 3. The upper
panel (lower panel) of Figure 8 shows the measured time lags
between the Swift’s UVOT uvw2-band (Swift’s XRT X-ray)
flux and the redward photometric bands’ flux as a function of
wavelength. There is a clear trend that redder bands have larger

Figure 9. Upper panel: (lower panel:) measured widths for the transfer function
between the Swift’s UVOT uvw2-band (Swift’s XRT X-ray) flux and the redder
photometric bands as a function of wavelength. There is a reasonably clear trend
that redder bands have wider transfer functions and thus smoother light curves.
(A color version of this figure is available in the online journal.)

lags, with the UV and NIR lagging 2–3 and 6–9 days behind the
X-rays, respectively. We then fit a power law and a power law
with a zero-point offset to the X-ray lags. The best fits are

tlag = (0.38 ± 0.19) ×
(

λ

nm

)0.37±0.08

days (2)

and

tlag =
(

(2.43 ± 0.46) + (2.5 ± 0.7) ×
(

λ

µm

)1.18±0.33
)

days,

(3)
where tlag is the time lag as a function of wavelength (λ),
respectively. The chi-square per degree of freedom for the fits
are 1.48 and 0.97, respectively. The F-test confidence level for
the addition of the temporal offset parameter is 94.2%. The zero-
point of the second fit (2.43±0.46 days) is in agreement with the
non-geometric delay required by the simple quantitative model
presented in Section 4 to reproduce the observed UV–NIR
light curves. Furthermore, depending on whether dissipation
or irradiation dominates, we would expect tlag ∝ λα with
4/3 ! α ! 2 (see Equation (4)). The results for Equation (3) are
consistent with the shallower slopes where dissipation remains
the dominant heating mechanism.

The JAVELIN models also smooth the reference light curves
with a top hat filter, and the wavelength-dependent top hat widths
are presented in Table 3 and shown in Figure 9. The upper
panel (lower panel) of Figure 9 shows the width of the transfer
function between the Swift’s UVOT uvw2-band (Swift’s XRT
X-ray) flux and the redward photometric bands’ flux as a
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 Distance X/UV < light days (100s Rg)

Quasi-simultaneity X-ray/UV

U
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y

NGC 5548 Connolly et al. (2015) Shappee et al. (2014)

UV Opt

NGC 2617

16



Inner part of the accretion flow Above the BH (base of the jet?)

?
Hot corona-Disk Geometry



Radiative Equilibrium
Whatever the geometry, a radiative interaction is expected 
(e.g., Haardt & Maraschi 1991)

• X-rays from the hot corona heat the 
accretion disk via illumination

• UV from the accretion disk cool the 
hot corona via Compton Scattering



Malzac et al. (2001), Poutanen et al. (2018)

τc = 0.2

τc = 0.4

τc = 0.8

Radiative Equilibrium
Whatever the geometry, a radiative interaction is expected 
(e.g., Haardt & Maraschi 1991)

• X-rays from the hot corona heat the 
accretion disk via illumination

• UV from the accretion disk cool the 
hot corona via Compton Scattering

➡  are linked one with 
each other

Γ, kTe and τc



Radiative Equilibrium
Whatever the geometry, a radiative interaction is expected 
(e.g., Haardt & Maraschi 1991)

• X-rays from the hot corona heat the 
accretion disk via illumination

• UV from the accretion disk cool the 
hot corona via Compton Scattering

➡  are linked one with 
each other

Γ, kTe and τc

➡But spectral fits not able to discriminate

Petrucci et al. (2001)

NGC 5548

Slab geometry

kTe=260 keV, 0.15


R=0.9 
τ =

Hemispherical geometry

kTe=250 keV, 0.4


R=1.6 
τ =



X-ray Polarimetry: opening of a new era
IXPE : Imaging X-ray Polarimetry Explorer  
 - NASA/SMEX 
 - spectroscopie, imagerie, timing et polarimétrie (2-8 keV) 
 - 325 kg 
 - 160 millions dollars 
 - Launched 9 Dec 2021 

 

Gas Pixel Detector (Sgrò et al. 2017)Graphite Cristal detector in OSO-8 1975-1978 (Weisskopf 2018)



GPD (Sgrò et al. 2017)

40 years

Sensitivity x100

X-ray Polarimetry: opening of a new era
IXPE : Imaging X-ray Polarimetry Explorer  
 - NASA/SMEX 
 - spectroscopie, imagerie, timing et polarimétrie (2-8 keV) 
 - 325 kg 
 - 160 millions dollars 
 - Launched 9 Dec 2021 

 

Graphite Cristal detector in OSO-8 1975-1978 (Weisskopf 2018)



X-ray Polarimetry: opening of a new era
IXPE : Imaging X-ray Polarimetry Explorer  
 - NASA/SMEX 
 - spectroscopie, imagerie, timing et polarimétrie (2-8 keV) 
 - 325 kg 
 - 160 millions dollars 
 - Launched 9 Dec 2021 

 

The distribution of initial photoelectron 
directions determines the degree and 
angle of polarization.



Characteristics and Target List
Parameter Performance
Launch mass 330 kg

Length 5.2 m (deployed)

Nominal lifetime 2 years (no life-limiting 
consumables)

Energy band 2 to 8 keV

FOV (detector limited) 12.9 arcmin square

half-power diameter 28 arcsec @ 4.5 keV

Effective area per mirror 
module (x3)

166 cm² @ 2.3 keV

Energy resolution 
(FWHM) 

0.52 keV @ 2 keV (∝√E)

Timing 1 µs



Parameter Performance
Launch mass 330 kg

Length 5.2 m (deployed)

Nominal lifetime 2 years (no life-limiting 
consumables)

Energy band 2 to 8 keV

FOV (detector limited) 12.9 arcmin square

half-power diameter 28 arcsec @ 4.5 keV

Effective area per mirror 
module (x3)

166 cm² @ 2.3 keV

Energy resolution 
(FWHM) 

0.52 keV @ 2 keV (∝√E)

Timing 1 µs

Binaires X et AGNs

First AO (deadline 18th of Oct.)!

Characteristics and Target List



Hot corona -Disk Geometry 
Constraint from X-ray polarisation

Edge on Face on

wedge

sphere

cone

wedge

sphere

cone

perpendicular to the disk

parallel to the disk

Wedge: high X-ray polarimetry, perpendicular to the disk
Sphere/cone: low X-ray polarimetry, perpendicular to the disk

Ursini et al. (2022)

Polarisation degree Polarisation angle
Face on

Edge 
on

Wedge Ursini et al. (2022)

Edge on Face on



• Polarisation of ~ 4%, polarisation angle of ~-20 deg
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The Case of the Microquasar 
Cygnus X-1



Polarisation angle parallel to the radio jet, 
i.e., perpendicular to the accretion disk

Observation IXPE

Observation of radio jet

disk

jet

The Case of the Microquasar 
Cygnus X-1
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• Polarisation of ~ 4%, polarisation angle of ~-20 deg



Observation IXPE

The Case of the Microquasar 
Cygnus X-1
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Observation IXPE

The Case of the Microquasar 
Cygnus X-1
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Observation IXPE

Observation du jet radio

jet

BUT: 

•Too large polarisation degree (4% instead of expected 2%)

• Polarisation increase with energy

Still not explained!!!

The Case of the Microquasar 
Cygnus X-1
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Gianolli et al. (2023)

XMM IXPE NuSTAR

NGC 4151 observed by IXPE

The Case of the AGN 
NGC 4151
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NGC 4151 observed by IXPE
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XMM IXPE NuSTAR

NGC 4151 observed by IXPE

pc scale 

radio axis

Wedge

The Case of the AGN 
NGC 4151



Jets in RL AGN
• 10% of AGN are radio loud and show large scale jets


• Jets production requires a large scale magnetic field threading the 
accretion disk 


• Different jet flavours :

Beckwith et al. (2008)Self-confined jets: need of Bz field
Important only near BH: 
extracting rotational energy

Distributed in the disc: extracting 
accretion energy

Blandford 76,  Lovelace 76
Blandford & Payne 82

Blandford & Znajek 77
Rees et al  82

Self-confined jets: need of Bz field
Important only near BH: 
extracting rotational energy

Distributed in the disc: extracting 
accretion energy

Blandford 76,  Lovelace 76
Blandford & Payne 82

Blandford & Znajek 77
Rees et al  82

Extraction from BH rotation 
Matter content: rather pairs…

Extraction from disk rotation 
Matter content: rather e- / p

Blandford & Znajek (BZ) Blandford & Payne (PB)



• Both observed in GRMHD…

…. but which one is radiatively dominating?

BP
BZ

Liska et al. (2022)

Jets in RL AGN



Qu’avons nous appris ?Qu’avons nous appris ?

Dans les blazars, d’où provient l’émission X :
- émission uniforme dans le jet ?
- émission localisée (stratification en énergie du jet) ?
- emission due à des chocs ?
- émission due à des reconnexions magnétiques ?

Génération de photons → structure du champs magnétique → accélération des particules 

Observations de HSP et LSP

Sgrò et al. (2017)

IR

opt/UV

Qu’avons nous appris ?Qu’avons nous appris ?

Dans les blazars, d’où provient l’émission X :
- émission uniforme dans le jet ?
- émission localisée (stratification en énergie du jet) ?
- emission due à des chocs ?
- émission due à des reconnexions magnétiques ?

Génération de photons → structure du champs magnétique → accélération des particules 

Observations de HSP et LSP

Sgrò et al. (2017)

IR

opt/UV

• Blazar SED dominated by a Synchrotron and 
Compton component

• High Synchrotron Peak Blazar are good candidate 
for X-ray polarimetry (Di Gesu et al. 2022, Liodakis 
et al. 2022)

Jets in Blazars 
Constraints from X-ray polarisation

• Blazar = jetted AGN seen along the jet axis

Synchrotron

peak

Compton

peak



• In agreement with « energy stratified » 
model

Mkn 501

particles energized at a shock 
front and lose energy to 
radiation as they travel away 
from the acceleration site. 

Liodakis et al. (2022)

Jets in Blazars 
Constraints from X-ray polarisation



Mkn 421 • Rotation of the polarisation angle

localized shock propagating 
along the helical magnetic 
structure in the jet 

Di Gesu et al. (2023)

Jets in Blazars 
Constraints from X-ray polarisation



Mkn 421 • Rotation of the polarisation angle

localized shock propagating 
along the helical magnetic 
structure in the jet 

Di Gesu et al. (2023)

Jets in Blazars 
Constraints from X-ray polarisation

New Results to come! Stay Tune!



Thanks!


