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Mass transfer from a star to an SMBH

e |Is the mass transfer stable/unstable’?

« Con it lead to formation a detectable
GW source for LISA with the orbital gtabl/mass tmansfer
period below ~few hours? |

For 1 Me main sequence + 4 million Mg
SMBH separation at the RLOF onset:
ORLOF = R*(MBH/M*)W ~330 Re

Orbital period of P~ 0.3 day P~1-3 day
The edge of the LISA band




Formation of stellar EMRIs
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Theory:
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-Two body scattering rate ~10-'-10®/yr

-Hills mechanism rate ~10-10°/yr

-Migration and capture in AGN disk
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Observations: Linial & Sari 2023

-QPEs, QPOs, TDEs and hypervelocity stars (~10/yr).




Formation of stellar EMRIs

Theorg: 1. Hills mechanism

-Two body scattering rate ~107-10%/yr m
inary

-Hills mechanism rate ~10-10°/yr > @ °

-Migration and capture in AGN disk w

o

Hypervelocity star

Observations:

-QPEs, QPOs, TDEs and hypervelocity stars (~10°/yr).



Formation of stellar EMRIs
QPE per 10*-10° galaxies =»

Theory: min. ~100 stellar EMRIs in 2<1.0
. Arcodia et al 2024,
-Two body scattering rate ~107-10®/yr ( )
-Hills mechanism rate ~10-10°/yr PR & e RO
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Observations: Credit: Yao et al. 2025

-QPEs, QPOs, TDEs and hypervelocity stars (~10°/yr).



1. Hills mechanism

Once per ~million year in galaxy
e.g., Linial & Sari 2023

New orbit

Hypervelocity star



1. Hills mechanism 2. GW circul'ériza_t_ion_& dfbit._a] d'eg:ay
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New orbit

Hypervelocity star



1. Hills mechanism 2. GW cireularization & dfbita] decay

New orbit

Hypervelocity star

3. Stable ﬁiéss transfer

Mass transfer on
quasi-circular orbit e~0




1. Hills mechanism 2. GW cir;:ul'ériza_t_ionl& dfbit._a] d'epay
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New orbit
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Hypervelocity star

If mass transfer is stable ....

3. Stéble niélss transfer - - 4. GW inspiral of helium core

He core |

™ PHI?: day o " P<1 da}’ Lrsk
| Possible loud GW source 4

for LISAI



Is mass transfer stable?

l. Stellar structure - response of the radius (convective/radiative envelope)

2. Orbital evolution - determined by gravitational waves and mass transfer:

Q= Qcw + aMT

dMT - uncertain if AM returnes to orbit (in contrast to stellar binaries) due a
small potential difference between the L1 and L2

AGW - always shrinks the orbit = more unstable



The case of a subgiant star

Unique properties of subgiants:

Slightly expanded — initiate mass transfer on wider separations than main
sequence stars » GW-driven decay is weaker.

If shortly af ter main sequence — the envelopes are radiative (if m>1.5Mo).

Compact helium cores.

MESA
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2 Mo subgiant and 4.3 million Mo SMBH

-The first stable mass transfer (~20 Myr) at P~2.6 day.

- The second mass transfer (the first hydrogen flash) at P~30
hours.

- The third mass transfer (the second hydrogen flash) at P~20
hours.

Associated X-ray luminosity Lx, assuming a 10% radiative
efficiency for the accretion onto the SMBH: ~ few x 10" erg s\

-GW inspiral without mass transfer (~5 Myr).

-The final, unstable mass transfer with a possible circular p TDE
at P~ minutes (depends on SMBH spin).



2 Mo subgiant and 4.3 million Mo SMBH
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- The third mass transfer (the second hydrogen flash) at P~20
—— Roche Lobe hOUYS,

Associated X-ray luminosity Lx, assuming a 10% radiative
efficiency for the accretion onto the SMBH: ~ few x 10" erg s\
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Tidal heating effect

Even for circular objects (mismatch between the core spin frequency
and orbital frequency, Linial & Quataert (2024):

Encan3x10%7erg/sxf/%x(Men/10°Mo)*/2x(a/ ryr) > 2x(0tur /2) 1/

Tidal heating effect.

| t J In collaboration with
P. Yao & E. Quataert
|\
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-The first stable mass transfer (~20 Myr) at P~2.6 day.

- The second mass transfer (the first hydrogen flash) at P~30
hours.

- The third mass transfer (the second hydrogen flash) at P~20
hours.

Associated X-ray luminosity Lx, assuming a 10% radiative
efficiency for the accretion onto the SMBH: ~ few x 10" erg s\

-GW inspiral without mass transfer (~5 Myr).

-The final, 1 year of un/stable mass transfer with a possible
circular pTDE at P~ minutes (depends on SMBH spin).

Alredy obsereved?
QPO in IES 19214654 (Masterson et al. 2025, Nature)



GW signal in the LISA band
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Number of LISA sources (only subgiants)

formation rate per galaxy (for subgiants): ~10-2/yr

detectable from distance up to few 100 Mpc - 1 Gpc

duration in LISA band (~few 100k yr in Galactic Center, ~10 yr at 1 Gpc)
number of galaxies hosting SMBHs: 2 x 10”7 within 1 Gpc?)

fraction of subgiants with masses above 1.5Mg (lifetime and IMF)

Nevent =~ Ngal x tdur x Rform x f'sub

Local Universe = 1-10
Galactic Center =~ 0.0}



Main sequence star

l0g10(SNR)
Most common type of stellar o ——— 1
EMRIs? .
More compact stars = Roche-lobe ' 10

overflow occurs at higher
frequencies.

Typically low mass and convective
— unstable mass transfer and
stellar disruption

Detectable only in the Milky Way
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Summary

-Subgiants experience prolonged mass transfer before entering the LISA frequency band.
-Such a system could be a loud GW source for LISA, detectable out to ~1 Gpc.

-There is a ~1% probability of finding such a system in the Galactic Center. It would remain
in the LISA band for several hundred thousand years.

-Hydrogen flashes in the thin outer envelope can trigger multiple short-lived mass transfer
episodes at (different) orbital periods of ~20-30 hours.

-At an orbit of ~10 minutes, star may undergo a circular pTDE depending on the SMBH spin.

Stable mass transfer

P—1-3 day



QPEs as stellar EMRIs

Quasi-periodic eruptions (QPE):

. :
TDE + star-disk interactions WPE per 107-10° galaxies =

min. ~100 stellar EMRIs in 2<1.0

, . 10°
T Eccentric Orbit —
““-‘,_‘{ASASSN—lﬂka—Hke) <] BH-EMRIs (Babak+17)
T Debris-Disk 105 QPEs if BH-EMRIs
~.. Interactions ... — - . 5
. TR M-i]_d'|_¥ Eccentric L QPEs if stellar-EMRIs
- o (QPE-1like) -
Ram-pressure .. e E:}>
Stripping : QPE Emissions 1,_*, 104
Shock Heating : y :
] S
= <
3]
Accretion . ; 10 _
Eircularizat'ion"“-{}T‘idal Heating 2 ,
Shocks % ¢
> 1024 ~
m K AVAV AV AV AV AV AV AV AVAVAVAVAVAVAVAVAVAN
E . / ...........................
1. = 1 ¢ b Y ¥ ¢ 4
Credit: Yao et al. 2025 & 10
10° - .
10! 102
Tire [Y]

Credit: Arcodia et al 2024-.



|
a0 107
g

Final (unstable) mass transfer

The duration of the final pTDE phase is highly uncertain.
SMBH spin (size of ISCO) plays determines the detection prospects of EM counterpart.
Stellar evolution codes like MESA cannot reliably model this stage.

In the presented model the stripped core undergoes ~1year of the mass transfer phase
with gradually increasing rate. Then the core enters a runaway regime...

Lightcurve for circular pTDE
involving a WD and an IMBH
by Linial & Quataert (2024).

Ultraviolet, optical, and infrared
emission during a brief

e T N ) ; 4 5 6 > super-Eddington outflow phase
logy([t — t|/sec) sof‘t X_ray emission logyg (|t — t¢[/sec) OYOUY)d .the disrup.l.ion.



Sakurai object - born again star

V4334 Sagittari 1996

- a post-asymptotic giant branch star that
underwent a very late thermal pulse, essentially
reigniting helium shell burning af ter it had
already entered the white dwarf cooling phase

-temporarily returning to a giant-like phase
A Light Curve for V4334 Sagittarii

11

. //_r\’?’»

13

14

15 ¥

16 \ f\

17 \#

18 f

19

20

21 \

22

t ' t t
1995 1996 1997 1998 1999

A visual band light curve for V4334 Sagittarii, adapted from Duerbeck (2002)
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https://en.wikipedia.org/wiki/Photometric_system#Photometric_letters
https://en.wikipedia.org/wiki/Light_curve

Possible formation of stellar EMRIs

F20
Theory: WINNT |

|
-Two body scattering rate ~107-10%/yr -

= 10% ;

-Hills mechanism rate ~10>-10/yr 3
-Migration and capture in AGN disk m*;-

10" 107 10t 10°

a/R,

. Linial & Sari 2023
Observations:

Constraints from TDEs and hypervelocity stars (~10/yr). Maybe also QPEs.



Observatories Ground-based

| Space-based observatory Pulsar timing array
& experiments experiment i i .
Timescales milliseconds seconds hours
T = - 2 @ @i ana
Frequency (Hz) 100 1 102 10* 10°¢ 10®
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