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Partial tidal disruption events (pTDESs)

max escape

: : o PRI
ON=1NONI VA pOWGI’fUl 1N deteCtlng TDEs (Grotova et al. in prep.) mean b'”dmg_s szpeed 10 kms
energy~10\c

= ~300 candidates selected from eRASS1 and eRASS?2

= 25 super-soft: golden TDE sample (fozaxev =103 erg/s/icm2)

® Stars are not always fully destroyed
= |mpact factor: f= R1/Rp (RT: tidal radius; Rp: pericenter) e:;’;;gg];;%
= Partial disruption if the impact factor is low
® Partial tidal disruption events (pTDESs)
= Fainter and decay faster (e.g. Ryu et al. 2020)
= Understand the TDE rate (e.g. Bortolas et al. 2023)

= Repeating pTDEs: ideal for investigating the accretion
& circularisation processes Rees 1988
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= Repeating pTDEs: ideal for investigating the accretion
& circularisation processes
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Partial tidal disruption events (pTDESs)

O, . ' . rotov .in prep.
eROSITA: pOWGI’fUl 1N deteCtlng TDEs (Grotova et al. in prep.) Weak partial TDEs
= ~300 candidates selected from eRASS1 and eRASS?2 (Mem/M.=90%)

= 25 super-soft: golden TDE sample (fozaxev =103 erg/s/icm2) Ryu et al. 2020

® Stars are not always fully destroyed
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= Fainter and decay faster (e.g. Ryu et al. 2020)
= Understand the TDE rate (e.g. Bortolas et al. 2023)

= Repeating pTDEs: ideal for investigating the accretion
& circularisation processes
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Liu et al. 2023 A&A 669 A7s, (MPE, ESA press releases, Nature and Nature Astronomy research highlights)

eROSITA discovery of repeating TDEs: J0456-20

Significant X-ray flux and spectral variabilities
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https://www.mpe.mpg.de/7919825/news20230112
https://www.esa.int/Science_Exploration/Space_Science/XMM-Newton_spies_black_holes_eating_the_same_stars_again_and_again
https://www.nature.com/articles/d41586-023-00074-5
https://doi.org/10.1038/s41550-023-01908-y

Liu et al. 2023 A&A 669 A7s, (MPE, ESA press releases, Nature and Nature Astronomy research highlights)

eROSITA discovery of repeating TDEs: J0456-20

BH mass ~ 107 Msun
1e-16 —— WiFeS —— Magellan —— Gemini NTT
| | | | | |

O Very faint/soft in eRASS2 2021-12-10 (+46)
= fo.2-2.0kev = 5.0 X10-13 erg/s/cm? - ' :
= Blackbody with T = 65 eV
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Long-term X-ray/UV variability of JO456-20

Extremely variable and repeatedly flaring

Plateau Rapid drop Faint phase Rising phase

O NICER B Swit ' eROSTTA 3¢ XMiN-Newon ® Drastic X-ray flux drop: ~300 in 16 days
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® Repeating X-ray and UV flares
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® Transient radio emission

= Decreased by a factor of a few in 2 weeks

® A repeating pIDE as the most plausible

explanation (5 in total, Payne et al. 2021, Malyali et al.

58900 59200 59400 ] 59600 59800 60000 2023, Wevers et al. 2023, Webb et al. 2023)
MJD (days)
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Evidence for accretion state transitions in J0456-20

Plateau Rapid drop Faint phase Rising phase Evolution of the UV'tO'X'ray SED
© NICER B Swift @ eROSITA XMM-Newton Best-fitting model ——Unabsorbed model ==-Unabsorbed diskbb
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Evidence for accretion state transitions in J0456-20

Plateau Rapid drop Faint phase Rising phase Evolution of the UV'tO'X'ray SED
@ NICER H Swift @ eROSITA XMM-Newton
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Evidence for accretion state transitions in J0456-20

Plateau Rapid drop
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Evolution of the UV-to-X-ray SED

Best-fitting model ——Unabsorbed model ==-Unabsorbed diskbb
fo2-2.0kev=9.0x10""3erg/cm?/s

0.1
Energy (keV)




Evidence for accretion state transitions in J0456-20

Plateau Rapid drop Faint phase Rising phase Evolution of the UV'tO'X'ray SED
@ NICER H Swift @ eROSITA XMM-Newton
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Evidence for accretion state transitions in J0456-20

Evolution of the UV-to-X-ray SED

Plateau Rapid drop Faint phase Rising phase
@ NICER H Swift @ eROSITA XMM-Newton
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Evidence for accretion state transitions in J0456-20
X-ray plateau phase: transitioned to the steep power-law state

Plateau Rapid dro Faint phase Rising phase . . o o
— p TR ® Similar to peak of rising phase

@ NICER @ Swift @ eROSITA

= Componization by two coronae: a
warm plus a hot corona
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® Reminiscent of the steep power-law
107 £ state in BHXRBS (e.g. Fender et al. 2004)

= Transient radio emission

= But a flat radio spectrum
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Evidence for accretion state transitions in J0456-20
X-ray plateau phase: transitioned to the steep power-law state
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Evidence for accretion state transitions in J0456-20
Rapid X-ray drop: back to thermal state with destruction of the coronae?

Plateau Rapid drop Faint phase Rising phase

O NICER B Swift @ eROSTTA 3 XMM-Newton ® Drastic change in X-ray spectra
= Become soft again (Tin ~ 100eV)
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® Time-scale: flux decreased by a factor
104 | cycle of > 10 in 3 days (Yao et al. 2022, Ricci et al. 2020)

X-ray spectral evolution provides strong
evidence for accretion state transitions
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Liu et al. in prep.

Rapid evolution of the recurrence time in J0O456-20
Exploring the stellar/gas dynamics around SMBHs beyond the Milky Way?

Plateau Rapid drop Faint phase Rising phase

® Short recurrence time (<300d) S NCER @ S eROSTA 9 XM Newion
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= Decreased by >20d in the first three cycles
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= Much faster than the other repeating pTDEs

= Physical origin is unclear

Repeating pTDEs could be effective probes to
study stellar/gas dynamics around SMBH! 8900 59200 Sedop 59600 59800 60000
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Liu et al. in prep.

Rapid evolution of the recurrence time in J0O456-20
Exploring the stellar/gas dynamics around SMBHs beyond the Milky Way?
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Malyali et al. 2023, MNRAS, 520, 3549-3559

Reawakened ROSAT TDE: J1331-32

® discovery >30yr after ROSAT
reported TDE (z=0.052, Reiprich & Greiner 01; Hampel+22)

® Decay by a factor of >40 within ~1/d
revealed by

® No associated transient optical/UV
o 8° emission
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® 2nd TDE extremely unlikely (<5x10-6)
® Favoured interpretation: partial, repeating TDE

® Steep decay suggests a star on an elliptical orbit,
In agreement with theory (Ryu et al. 2020) MJD - 59581
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Repeating pTDEs detected by eROSITA
Step beyond the main stream TDE picture

® |ndicates the existence of repeating pTDE

= |mpact on the rate of TDE (e.g. Bortolas et al. 2023)

® Accretion state transitions can occur in SMBH
= Studying the poorly understood corona
= Corona: formed within months (Masterson et al. 2022)

= Corona: destroyed within ‘weeks (Ricci et al. 2020)
® Long-term monitoring is crucial (eqg., Einstein Probe, UVEX, ULTRASAT)

® Repeating pTDE could be used to probe the stellar dynamic around SMBH
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