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Stellar mass BHs（~10 

solar masses）in X-ray 

binaries

Supermassive BHs（106-1010

solar masses）in quasars / the 

center of galaxies

1. Introduction



X-ray variability in BH XRB-> different states 

ASM/RXTE light curve of XTE J1550−564 in 2000 (Xue, Wu & Cui, 

2008, MNRAS, 384, 440)

Low/Hard -> High/Soft
High/Soft -> Low/hard

Timescale: 

days to 

weeks



• Variation of soft component in BH X-ray binaries

Viscous 

timescale

Accretion rate change and timescale

Belloni et al. (1997, ApJL,488, L109)

GRS 1915+105

Timescale: seconds to minutes !



Some AGNs show disappearance and/or re-appearance of 

broad emission lines in optical spectra within several tens 

of years ! -> Changing-look AGN 

Seyfert G.,

Mrk 590

Denney et 

al. 2014, 

ApJ

HαHβ



Chandra X-ray Spectra of Mrk 590

Mathur et al. 2018, ApJ





Previous discoveries
• Mrk 1018: Type 1.9 to Type 1, and back to Type 1.9 after 30 years (Cohen et al. 

1986; McElroy et al. 2016)

• Mrk 590: Type 1.5 to Type 1 and back to Type 1.9-2 (Denney et al. 2014)

• NGC 2617: Seyfert 1.8 galaxy (Moran et al. 1996), changed to a Seyfert 1 

(Shappee et al. 2014).

• LaMassa et al. (2015): the first CL quasar, J0159+0033, changed from Type 1 to 

Type 1.9.

• Runco et al. (2016): broad Hβ line virtually disappears in 3/102 local Seyfert

galaxies

• Runnoe et al. (2016): a CL quasar, J1011+5442, “turning-off” within a rest-frame 

time of ~ 500 days.

• A quasar, J1554+3629, turned on in a timescale shorter than 1 year (Gezari et al. 

2017).

• Systematic archival searches in SDSS with repeat spectroscopy: 13 CLQs (Ruan

et al. 2016; MacLeod et al. 2016) and more (MacLeod et al. 2019)

• Wang J. et al. (2018): SDSS J141324.27+530527.0, a New “Changing-look” 

Quasar with a “Turn-on” Transition (see poster of Dawei Xu)



Mid-infrared Variability of Changing-look 

AGNs (Sheng, Wang, Jiang et al. 2017, ApJL)

The mid-infrared light curves of 10 objects echo the variability in the 

optical band with a time lag (years) expected for dust reprocessing.



2. New discoveries of CLQs

• Telescopes we used for spectroscopy

– LAMOST: Chinese 4m spectroscopic

survey telescope

• 4000 fibers, 20 square degrees

• Obtained spectra of 10million bright

stars and 200k galaxies/quasars

– 2.4m Lijiang telescope and 2.16m 

Xinglong telescope

– Palomar 5m Hale telescope

SDSS

LAMOST

(Yang, Wu, Fan, et al. 2018, ApJ, 862, 109) 

2.4m

2.16m

Hale



• Multi-epoch spectra

– SDSS spectral archive => 9 CLQs (4 known)

– SDSS-LAMOST spectral archive => 10 CLQs

• Photometric variability + New spectroscopy => 7 CLQs (1 

known)

– Galaxies brightened

– Quasars dimmed

‣ Photometric data used:

- SDSS

- Pan-STARRS

- DESI imaging

- WISE

- Catalina Real-time Transient Survey (CRTS)

- Palomar Transient Factory (PTF)

SDSS

LAMOST



Extensive searches in repeat spectra from 

SDSS & LAMOST  



Turn on

Turn off

Extensive searches in opt/mid-IR variability… 



New CLQs: turn on



New CLQs: turn off



Turn on: 15 (+1);    Turn off: 6 (+4)

Almost double the number of changing-look AGNs,;The upper limit of 

type transition timescale ranges from 0.9 to 12.6 years in the rest-frame.



Spectral Changes(2->1;1->2)



Optical/Mid-IR Color changes

• A bluer-when-brighter chromatism is confirmed in optical band.

• The mid-infrared W1 − W2 color is redder when brighter.

optical Mid-IR



The mid-infrared W1-W2 color is redder when brighter. This is 

possibly due to a stronger contribution to W2 than W1 from the AGN 

dust torus when AGN turns on.

‘Off’ state ‘On’ state



More to come…
(Yang et al. 2019, in prep.)



An unusual MIR flare in a Type II AGN
(Yang, Shen, Liu, Wu, et al. 2019, arXiv:1907.12721)

Without 

optical 

variation

CL AGN 

or TDE?



3. Challenges to theoretical models

• CL AGNs challenge both the AGN unification scheme 

and the long-term evolution scenario between Type 1 and 

Type 2 AGNs

• Three models currently under debate:

– Variable obscuration due to the movement of obscuring material (e.g., 

Nenkova et al. 2008a,b; Elitzur 2012)

– A tidal disruption event (TDE) of a star disrupted by the supermassive 

black hole (SMBH), which may also result in a change of

classification (Eracleous et al. 1995; Merloni et al. 2015; Blanchard et 

al. 2017)

– Variable accretion rate, in an evolutionary paradigm that AGN follows

an evolutionary sequence from Type 1 to intermediate type and later

to Type 2, or vice versa (e.g., Penston & Perez 1984; Elitzur et al. 

2014)

No

No

Yes?



Rapid change of accretion rate in CLQs?

• Viscous timescale (in years) in standard thin-disk 

model (Shakura & Sunyaev 1973; Eq. (5) in 

LaMassa et al. 2015 for SDSS J0159+0033)

• Unless the change occurs in the immediate 

vicinity around the black hole, it is usually too 

long for CL AGNs (more than 10,000yrs for 

r~100rg)



Timescales in accretion disks

• Orbit:

• Thermal:

• Front:

• Viscous:   
Stern et al., 

2018, ApJ



4. Summary

• Spectral state transitions are common in BH X-ray binaries, 

which can be explained by accretion rate/mode changes. 

Changing-look AGNs are rare, and challenge the AGN 

unification scheme and theoretical models

• Using repeat spectra from SDSS and LAMOST, as well as new 

spectra of candidates selected from optical/mid-IR photometric 

variability, we discovered 21 new CLQs in northern sky, 

leading to a large key sample to study the BH - host galaxy co-

evolution

• Rapid change of accretion rate with time scales of years in the 

innermost part of accretion disks is preferred for CL AGNs, but 

further study is still needed for a coherent understanding of the 

changing-look BH systems at different scales.


