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ULXs and supercritical accretion
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Figure 5. Left: time and azimuthally averaged density and streamlines for gas velocity. The color bar at the top of the figure shows the ratio between velocity magnitude
and speed of light. The solid red line shows the location of electron scattering photosphere measured from the top and bottom of the simulation box, while the dashed
red line shows the location of photosphere for effective absorption opacity. Right: time and azimuthally averaged radiation energy density and streamlines for lab
frame flux. The color bar at the top of the figure represents |Fr /(cEr )|.
(A color version of this figure is available in the online journal.)

Figure 6. Distribution of azimuthally and time-averaged total energy
(Equation (9)) in the r–z plane. The color shows the part of gas with posi-
tive total energy while the contours are for the gas with negative total energy.
(A color version of this figure is available in the online journal.)

velocity for the bound gas, scaled with the Keplerian value
Vk ≡

√
r(∇φ)r . Beyond ∼8rs , the disk is indeed Keplerian.

Within ∼8rs , Vφ stars to drop below Vk because a strong
radiation pressure gradient is built up in this region. At rISCO,
Vφ = 0.6Vk . However, we also caution that the exact number of
Vφ/Vk within ∼6rs , where the flow is effectively optically thin
in this simulation, may change if Compton scattering is included
and inner boundary is treated properly with general relativity.

Figure 7. Time, azimuthally and vertically averaged, density-weighted rotation
velocity Vφ scaled with the Keplerian value Vk at each radius for the bound gas.

To see what is the dominant force to balance gravity and
drive the outflow, vertical components of accelerations due to
radiation force, gas pressure gradient and magnetic pressure
gradient are calculated as

arad = − (Sr (P))z/ρ,

agas = − (∇P )z/ρ,

amag = − (∇(B2/2))z/ρ,

agrav = − (∇φ)z. (10)

Vertical profiles of these accelerations at radii 10 and 20rs
are shown in Figure 8, where they are scaled with the grav-
itational acceleration at the disk mid-plane of each radius r:
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（Jiang et al. 2014)

(Kitaki et al. 2021)



Supercritical accretion
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Disk spherization and winds (Shakura & Sunyaev 1973)

(Kaaret, Feng, Roberts 2017)

Massive, optically thick winds

A standard picture
Turbulent 
thick disk

Optically 
thick wind

(King+2003, Poutanen+2007, Shen+2016)



Wind interaction with environment
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E

N Holmberg IX X-1

5" ~ 90 pc

E

N NGC 1313 X-2

5" ~ 100 pc

E

N NGC 7793 S26

5" ~ 85 pc

E

N IC 342 X-1

5" ~ 100 pc

Shock-ionized bubble nebulae surrounding ULXs
(Pakull & Mirioni 2002, 2003; Pakull et al. 2006; Pakull & Grisé 2008; Ramsey et al. 2006; Abolmasov et al. 2007; Abolmasov & 
Moiseev 2008; Russell et al. 2011; Cseh et al. 2012; Urquhart et al. 2018; Soria et al. 2021; Gúrpide et al. 2022; Zhou et al. 2022; 
Guo et al. 2023).



Targets with VLT MUSE
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NGC 1313 X-2 A canonical ULX with a typical bubble nebula

NGC 247 ULX-1 A supersoft/soft ULX

NGC 55 ULX-1 A supersoft/soft ULX

(Zhou, Bian, Feng, et al. 2022, ApJ, 935, 38)

(Zhou, Feng, Bian, 2023, ApJ, 947, 52)

(Zhou, Feng, Bian 2023, ApJ, 955, 61)



A typical bubble nebula
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N

590 pc

NGC 1313 X-2



Ultraluminous mechanical output
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• Comparison with MAPPINGS V simulations

<latexit sha1_base64="3U4Yr+1bKnWZQltTLhLXoGPJsx8="></latexit>

LX = 1039 � 1040 erg s�1

• An additional photoionization component



Optical counterpart of NGC 247 ULX-1
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No Balmer lines

Donor: 
A helium star



First identification of a helium donor star

10

NS ULX with a helium donor



Multiple bubbles around NGC 55 ULX-1
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A hidden jet?
P = 3 × 1038 erg s-1

E

N NGC 7793 S26

5" ~ 85 pc

Cygnus X-1 NGC 7793 S26SS433/W50

P = 1039 erg s-1

Winds vs. jets?

1036 – 1037 erg s-1

~1039 erg s-1

~1040 erg s-1



Questions regarding supercritical accretion

• Accretion & outflow: distribution of accretion power

• History of binary evolution: how to maintain the high accretion rate in a binary

• Feedback into ISM: photoionization & shock-ionization, winds vs. jets
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• XRB Feedback
– Reionization epoch

• Heating source
• Lyman escape

– Galaxy evolution?
• Mechanical output 1040 erg s−1, 107 yr
à 1053 ~ 1054 erg in total

• vs. supernova & stellar wind
– Supercritical accretion + binary population synthesis + wind/radiative feedback

Discussion
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THANK YOU!

HMXBs


