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Today’s menu

e The observational story
What are QPEs ?

e Current state
What (we think) we know

e QPEs & GWs
Why should you care ?
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A Christmas story

GSN 069 - Dwarf galaxy at 76 Mpc
Monitored as a Tidal Disruption Event candidate
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Tidal disruption event (TDE)

Central regions of galaxies are busy:
e a massive black hole
e gas (e.g. Active Galactic Nuclei)
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Tidal disruption event (TDE)

Central regions of galaxies are busy:

e a massive black hole

e gas (e.g. Active Galactic Nuclei)

® stars in chaotic motion
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e.g. Rees 88
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Tidal disruption event (TDE)

At the tidal radius, tidal forces
overcome the star’s self-gravity

Ry ~ R,(Mgg /M,)Y/?

Need Mgy ~ 10° — 10% M,

e.g. Rees 88
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Tidal disruption event (TDE)
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The resulting debris will remain in

orbit ...

e.g. Rees 88
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Tidal disruption event (TDE)

orbit ... and fall back
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e.g. Rees 88

The resulting debris will remain in
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Tidal disruption event (TDE)

J. Law-Smith, E. Ramirez-Ruiz
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Observing TDEs

log[Lgg (ergs™)]

S

435
43.0

425 —

AT2018Ina
AT2019azh
PS1-10jh
AT2019meg
AT2019mha
PS1-11af

AT2019cho L

AT2019ahk

PTF-09ge °

AT2019qiz

mlbn nnondbn -
-100 -50

O [
0 50
Days since peak

s
100

Lightcurves of optical TDEs

LGWA Workshop — 18 Sept. 2025

Gezari 21

& GW
(faint, better for

IMBH+WD)
e.g. Toscani+20,21



Introduction

o GSN-069

o TDEs

e QPE sample

Current state

QPEs & GWs

Conclusion

Erwan QUINTIN

GSN 069: your usual X-ray TDE...
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Long-term lightcurve of GSN 069

LGWA Workshop — 18 Sept. 2025

13



Introduction
o GSN-069
o TDEs

e QPE sample

Current state

QPEs & GWs

Conclusion

Erwan QUINTIN

GSN 069: your usual X-ray TDE...
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GSN 069

_X-RAY INSET .
; OPTICAL
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GSN 069: your usual X-ray TDE...?
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GSN 069: the QPE prototype
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GSN 069: the QPE prototype

0.2 - 2 keV count rates
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Short-term lightcurve of GSN 069

Timing properties

e Duration ~1h
e Recurrence ~9h
e Alternating strong/weak

Spectral properties

e Temperature:
~ded K to ~1e6 K

e Luminosity:
2x10% to 10*3 erg 7!

LGWA Workshop — 18 Sept. 2025 18
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GSN 069: the QPE prototype

Timing properties

Something about the size of the sun,
a billion times brighter

which goes from 500 000 K to 1 million K,

and back,
in one hour

e Luminosity:
Short-term lightcurve of GSN 069 2x10%2 to 1043 erg 57!
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Hunt for other QPEs: in archive
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Has been active for at least 30 years
(Sun—+13, Giustini4-20)

LGWA Workshop — 18 Sept. 2025

- L
70 15 80

Giustini+24




Introduction

o GSN-069

o TDEs

e QPE sample

Current state

QPEs & GWs

Conclusion

Erwan QUINTIN

Hunt for other QPEs: in archive

. 14 Jul 2006 .
: ;‘m VIR,
: % t&“ #M*ﬁ##.

1.5 QPEs in XMMSL1 J024916.6-041244

Chakraborty+21

Past behavior TDE-compatible
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Hunt for other QPEs: eROSITA
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Hunt for other QPEs: eROSITA
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Hunt for other QPEs: eROSITA
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Hunt for other QPEs: Tormund
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Hunt for other QPEs: Tormund
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Hunt for other QPEs: Tormund
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Hunt for other QPEs: Tormund
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Hunt for other QPEs: Tormund
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Hunt for other QPEs: latest additions
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Summary of properties

e Short, repeated burst of thermal X-rays

e A range of timing and amplitude properties
over ~2 orders of mag

e Irregular vs. regular

e Activity lasts <6 months or >40 years

LGWA Workshop — 18 Sept. 2025
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Summary of properties
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Summary of properties
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Summary of properties

e Strong correlation with TDEs
o Atleast 6/12
o Rate: ~107 /gal/year

LGWA Workshop — 18 Sept. 2025
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Possible models

Disk Instabilities

A

Raj & Nixon 2021; Pan et al.
2021a, 2022, 2023; Kaur et al.
2023; Sniegowska et al. 2020,
2023; Middleton et al. 2025

Repeated
Partial TDEs

King 2020, 2022, 2023; Metzger et
al. 2022; Zhao et al. 2022; Chen et
al. 2022; Krolik & Linial 2022;
Linial & Sari 2023; Yang et al. 2025;
Lau & Yu 2025

LGWA Workshop — 18 Sept. 2025

Disk Collision

Wl
[N

Dai et al. 2010; Xian et al. 2021;
Sukovd et al. 2021; Lu & Quataert
2023; Franchini et al. 2023; Tagawa
& Haiman 2023; Linial & Metzger
2023, 2024; Zhou et al. 2024a,
2025b, 2024b, 2025a; Tsz-Lok Lam
et al. 2025; Yao et al. 2025; Yao &
Quataert 2025; Huang et al. 2025
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Currently favored model
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Pre-existing (stellar?) Extreme Mass Ratio Inspiral (EMRI)
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Currently favored model
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Saoo-7 TDE of other star

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Currently favored model

L7 ~
Introduction 7 N \
4 M
/ \
Current state 4 \
o  Properties I \

e Models
o Latest

Progress
QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Currently favored model

-
7/ - s N
Introduction \
\
\
Current state \
o  Properties \

e Models
o  Latest

Progress
QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Currently favored model

L7 ~
Introduction 7 N \
/ \
/
Current state / \\
o  Properties I \

e Models
Latest

Progress
QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Currently favored model

Introduction

Current state
o  Properties
o Models

o  Latest

Progress
QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Currently favored model

,
Introduction 7 ’ ™~ \
/ \
/
Current state / \\
o  Properties I \

e Models
Latest

I 1
I |
Progress | I
\ I
QPEs & GWs ‘
CO n ChlSiOl]

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Currently favored model

, -’ ~
Introduction / b \
/ \
[ ]
Current state / \\
o  Properties I \

e Models
Latest

Progress
QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Currently favored model

-
7/ - s N
Introduction \
\
\
Current state \
o  Properties \

e Models
Latest

Progress
QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



o=
P ~

N o
s Asymmetric

Currently favored,fﬁodel \
\

/
—_ \
I P - _— ~ \
Introduction / /7 ’ b \ \
Iy v
[
Current state 1) \\‘l
o Properties I} .- T~ < y

e Models
Latest

Progress
QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Latest progress
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Latest progress #1: Modulations
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Latest progress #1: Modulations
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Latest progress #1: Modulations
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Latest progress #1: Modulations

Large (odd) peaks
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Latest progress #1: Modulations
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Latest progress #1: Modulations
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Latest progress #1: Modulations
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Latest progress #1: Modulations
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Latest progress #1: Modulations
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Latest progress #1: Modulations

Disk precession
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Latest progress #1: Modulations

Odd QPEs

Even QPEs
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Latest progress #1: Modulations
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e Require a lot of observations
Conclusion o In progress !
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Latest progress #2: Spectroscopy

Introduction

Current state

o  Properties

o  Models

e Latest
Progress

QPEs & GWs

Conclusion

Erwan QUINTIN LGWA Workshop — 18 Sept. 2025



Introduction

Current state

o  Properties

o  Models
e Latest
Progress

QPEs & GWs

Conclusion

Erwan QUINTIN

I
Latest progress #2: Spectroscopy

¢
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Latest progress #2: Spectroscopy

Introduction

Current state

o  Properties
Models

e Latest
Progress

QPEs & GWs

Conclusion
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Latest progress #2: Spectroscopy

Introduction

e (Current state
o  Properties

Hot material is ejected at

o  Models . 5
e Latest hlgh VG]OClty
Progress
2 (BT e B0 We can expect variable
S b blueshifted absorption
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Introduction

e Current state
Properties
Models
Latest
Progress

QPEs & GWs

Conclusion

Erwan QUINTIN

Latest progress #2: Spectroscopy

Counts/m’/s/ A

(Observed-Model) / Error

1

QPE state
EPIC - pn

Continuum
RGS outflow ]
Background

| |+

_|_
= Ir'f ‘
ContinuumI ) C-stat = 235 |

|
T

| ++ { _I_ D.O.li|_=97_
it ﬂhm h f '

I

I RGS outflow C-stat = 1331

0.5 1 2
Rest Energy / keV
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Latest progress #2: Spectroscopy

Phase-resolved NICER+XMM EPIC-pn spectra
Introduction -
T 10f
)
Current state |
NPT | = ;-\@-«
Properties S 0.1f —— blackbody only model
Models © —— blackbody only model
Latest
> 1.4
Progress § 1.2¢ g 1
o) 1 == B < T R T
@ 0.8f . = OF -
5 s iy blackbody plus =T
QPEs & GWs L) 0.6 — gaussian absorption + "%‘ Chakraborty_l_25
> 1.4f )
Conclusion § 1.%- Time-resolved Spectra
o]
5 0.8
3 0.61
0.3 04 05 06 07 08091 1.2 15
Energy (keV)
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Introduction

Current state

QPEs & GWs

Conclusion

Erwan QUINTIN

QPEs as EMRIs

All current observables are
compatible with the EMRI model
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QPEs as EMRIs

-16
107 e
Introduction N Galactic Background
LN day hour ] MBHBs at z =3
1 0-17 . . 10 Mo % Verification Binaries |
Current state : yel ko = EMRI Harmonics § .
C% L | I\. i hour = LIGO-type BHBs EMRIS emlt
=) A 10 My | —
= 10718L \ GW150914 ] NmHZ GW
[ ] QPES & GWS Ccf)) b \ year Gal. Bin. (SNR > 7)
1‘% | * 1T
5 10719 \ 10° M,
o Q =
Conclusion g g \\ No other EM
= N
< L
< =
S 1020% counterparts
- Observatory (after formathn)

Characteristic Strain

10" F | = = Total

E 107 1 1072 10 109
Frequency (Hz)

LISA Collab. 2017
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Introduction

Current state

QPEs & GWs

Conclusion

Erwan QUINTIN

QPEs as EMRIs

We can use QPEs to...
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Introduction

Current state

QPEs & GWs

Conclusion

Erwan QUINTIN

QPEs as EMRIs

We can use QPEs to...

e C(Constrain EMRI properties (QPE-FIT, Chakraborty+25)

Orbital time

Mass of BH / companion
Eccentricity

Impact of precession
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Introduction

Current state

o QPEs & GWs

Conclusion

Erwan QUINTIN

QPEs as EMRIs

We can use QPEs to...

e (Constrain EMRI rates
9+9_5% of TDEs show QPEs (Chakraborty+25)
9% of galaxies have EMRIs ? No - biased by host

Will require more careful approach

LGWA Workshop — 18 Sept. 2025
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Introduction

Current state

o QPEs & GWs

Conclusion

Erwan QUINTIN

QPEs as EMRIs

We can use QPEs to...

e (onstrain (wet) EMRI lifetime

Circularisation through GW & disk impacts

QPE lifetime limited by TDE disk lifetime ?
Why no QPEs in old, established AGN ?
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73



a

&

ur

fut

The




Introduction

Current state

Finding more

Conclusion

Erwan QUINTIN

The Future: More data
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Miniutti+25
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The Future: Optical TDE follow-ups

Introduction
a
. [ 8 ¢ rband ¢ AstroSat F148W
Current state 104k " ¢ UVOTUVW2 ¢ XRT0.3-1.0 keV
: ¢ HSTF225W  ---¢-- Chandra 0.3-1.0 keV
Finding more -
0w 1042k
o E
o
Conclusion B
104
10 , , | AAERY ., ., 0, e L
0 200 400 600 800 1,000 1,200 1,400 1,600
b Rest-frame days from first fallback
Nicholl+24

Erwan QUINTIN
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e Introduction

e (Current state

e Hinding more

e (Conclusion

Erwan QUINTIN

The Future: Optical TDE follow-ups

a
[ 8 ¢ rband ¢ AstroSat F148W
105k " $ UVOTUVW2 ¢ XRT0.3-1.0 keV
: ¢ HSTF225W  -+{-- Chandra 0.3-1.0 keV
» 1042
s E
s
§>
104
100, AW, . .y )
0 200 400 600 800 1,000 1,200 1,400 1,600
b Rest-frame days from first fallback
Nicholl+24
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Introduction

Current state

Finding more

Conclusion

Erwan QUINTIN

The Future: Long-term timeline

2020s Karly 2030s Late 2030s

Next Gen
Current Gen (LGWA,

(XMM—Newton, Athena,
Rubin) LISA,...)
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Introduction

Current state

Finding more

Conclusion

Erwan QUINTIN

The Future: Long-term timeline
& X-ray desert

2020s Karly 2030s Late 2030s

Next Gen
Current Gen . (LGWA,

(XMM—Newton, Athena,
Rubin) ‘ LISA,...)

LGWA Workshop — 18 Sept. 2025

79



Y
N

> k.‘\

Jo.

>

r

“You su



Conclusions

QPEs are cool (and rare)

We don’t know a whole lot

about them
e (Current model: EMRI+TDE erwan.quintin@esa.int

Questions ?

If model is true: they can help
understand EMRIs & their GWs
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