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Impacts of GW detection on eXTP science

Core Sciences:

• Strong Gravity

(test of GR)

• Dense Matter

(EoS supranuclear)

• Strong Magnetism

(magnetars)

Merger:

BH-BH

BH-NS

NS-NS

Merger (BH-NS, NS-NS)

Collapsar/Supernova

Isolate NS

Magnetar burst/flare

(QPOs/glitches detected)
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•Why EM signals are essential?

Merger: BH-BH

• Confirm the astrophysical 
origin of the GW signals

• Study the astrophysical nature
of the GW sources (e.g. host 
galaxy, distance, etc)

• Study the extreme physics 
involved in GW sources (e.g. 
equation of state of nuclear 
matter)

• Study cosmology with a 
sample of GW/EM joint 
detected sources, as standard 
sirens (standard candles).

GW150914

Localization error box：~600 deg2

Abbott et al. 2016, PRL, 116, 061102



•EM afterglows as a test of quantum gravity

Abramowicz et al., arXiv:1603.07830

 In the scenarios of firewalls and gravastars, a “BH” 

could have a fuzzier “horizon” structure (energy 

stored there could induce a strong EM emission)

 If an extraordinarily powerful afterglow is detected 

associated with a GW event, it might support the 

possibility of quantum gravity (in contrast, the 

absence of such a powerful afterglow could be 

used to constrain these exotic objects, hence some 

version of quantum gravity)

Merger: BH-BH



•EM afterglows as a test of quantum gravity

Merger: BH-BH



•Binary involving matter: test GR with OJ287?

Merger: BH-BH

BHB in strong gravity limit:

at periastron: d/M ~ 10 (v ~ 0.3c)

PSR J0737 : d/M ~ 105

BHB test-particle limit: q ~ 200

GW detectable by PTA

(Liu et al. 2012; Sun et al. 2011)

Flares and jets

By better constraining the orbital motion 

with eXTP, one can test GR and no-

hair theorem more accurately in strong 

filed limit.
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•EM signals from BH-NS mergers?

Clean testbed for probing EoS of superdense matter

EoS-dependent merge process: Love number, waveform

X-ray burst and decay of BH-NS merge

much work should be done ...

clean

BH

dirty

NS+

new

BH

(+ circumstellar matter:

debris disk, ejecta, …)

Merger: BH-NS or NS-NS



•NS EoS: one of the most challenging problems, 
to understand the low-energy strong force related 
to one of the Millennium Problems (YM theory).

•Different models of pulsar’s nature in the market

Merger: BH-NS or NS-NS

Note: strangeon = strange + nucleon



•EM signals from NS-NS mergers

Metzger & Berger, 2012

Gao et al., 2013

If central product is a BH

SGRB? Broad-band but collimated

Kilo-Nova/Radio afterglow: Too dim

If central product is a magnetar

SGRB? Broad-band but collimated

Magnetic dissipation: Peak at X-ray

Shock breakout signal: X-ray

Merger-Nova: Peak at UV

Ejecta-ISM shock: Broad-band

Long-lived magnetar: formation,

light-curves and spectra
(Siegel and Ciolfi 2016a,b; ApJ)

Merger: BH-NS or NS-NS



•EM signals from NS-NS mergers

 Stellar oscillation of NS 

(including m = 0, the radial mode) 

will be excited in both inspiral and 

post-merger phase.

 The origin and evolution of those 

oscillations can be modeled with 

numerical relativity simulations.

 These oscillations could be 

manifested as periodic 

modulations in X-ray 

observation.

 The evolution of oscillations is 

EoS dependent!

Merger: BH-NS or NS-NS



•Sources of both GW and X-ray radiation
Theoretical predictions for the event rate

Single compact object

Mergers  produced in

star clusters by few-body

interactions

Mergers produced in

the field by massive-star

binaries

 NS-NS and NS-BH mergers: both GW and X-ray radiations

 X-ray light curve is more long-lasting and can be used to 

distinguish different types of mergers

 Notice the different event rate of NS-BH mergers  in different 

channels—use this difference to tell the dominant formation 

channels of LIGO sources

sGRB: Soft gamma-ray burst;

NS: Neutron star; BH: Black hole

Formation channels
(Figure from Ziosi et al. 2014) 

Merger: BH-NS or NS-NS



•Bayesian approach to multi-messenger astron.

Merger: BH-NS or NS-NS

How to confirm the joint detection by two sets of data (GW and EM)?
Do these data respond to one physical relation? 

The GW-host galaxy identification [Fan, Messenger & Heng. ApJ, 2014]

What can we learn from this joint detection? 
Beyond confirming detection, what is the new  knowledge for both 

research fields?  

The inclination angle of GW,

the luminosity of SGRB

[ Fan, Messenger & Heng,

in prepare, 2017]

Transient 

(GRB/kilonova)

galaxy
?

Location

Distance

Energy

source
Host properties

Location

Distance

Energy

source

?

[Fan, Messenger & Heng,  ASSP, 2015]



•Lorentz and CPT symmetries
 Some quantum-gravity theories predict the 

breakdown of Lorentz and/or CPT 

symmetries for photons

 Lorentz symmetry violation: photons of 

different energies have different velocities

 CPT symmetry violation: photons of different 

polarisations have different velocities

 Time of arrivals (ToAs) of X-ray photons with different 

energies/polarisations could be used to study the phenomena

 Combined with ToAs of GWs, such an observation could probe the 

difference in the speeds of light and GW as well

 To measure GW speed by strong lensed GW-EM signals:

Vgw = Vphoton?

Kostelecky et al. 2016 PLB 761:1

Mattingly 2005, Living Rev. Relativ. 8:5

Merger: BH-NS or NS-NS

Fan et.al.  2017 PRL (arXiv:1612.04095)
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•GW emission from supernova

Collapsar/Isolated NS

3-generation detectors with a sensitivity 

improvement of a factor of 10~20 over the 

Advanced detectors may be needed to observe 

GWs from extragalactic CCSNe occurring at a 

rate of 1~2 per year within ∼10 Mpc.

eXTP contribution during/after CCSNe?



•GW emission from isolated pulsar

Collapsar/Isolated NS

arXiv:1701.07709: First search for gravitational waves from known pulsars with aLIGO

eXTP tell us X-ray 

enhancement after 

glitch?

tell us the spin period 

of pulsar radio quiet so 

that searching GW is 

possible?



•GW emission from magnetar

Collapsar/Isolated NS

Israel et al. (2005) Watts & Strohmayer (2006)

eXTP detects QPOs for GW 

searching after magnetar

flare and constrains both 

EoS and SM physics?

SGR 1806-20
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•EM signals from Type Ia SN

 To distinguish between the single/double 

degenerate scenario for Type Ia SN 

observations relates to the understanding 

of accelerating expansion of the Universe, 

hence the GR theory.

 Although the progenitor’s X-rays are 

supersoft (<0.5keV, Nielsen et al. A&A 2013), 

the burst X-ray emission would be quite 

different in both spectrum and profile.

 Together with China’s Taiji/TianQin GW 

projects and eXTP observational data, we 

could make more robust constraints on 

the progenitors of Type Ia SN.

VS.

Compact binary with WD



Chinese TianQin Project

Chinese Science Bulletin



•Synergy with GW detector TianQin

Compact binary with WD

 TianQin is a space-based laser interferometry (proposed with a relatively low 

budget), aiming to detect mHz GWs from a fixed source target with high confidence 

(Luo et al. 2016, CQG 33:035010)

 For now, RX J0806.3+1527 (a.k.a. HM Cancri or HM Cnc) is chosen as its source, 

which is a nearby (D~0.5–5kpc) X-ray binary with two white dwarfs orbiting with 

the so far shortest known Pb ~ 5 min

 eXTP will be able to study the source in great detail, to advance the measurements 

of orbital dynamics and radiation activities, including the orbital inclination, the 

decay of Pb, the interactions of two WDs, and so on

 These could be of great value to study GW physics, including independent 

measurements of orbital parameters, reducing degeneracy between GW parameters, 

realtime relation between EM activities & GW emission, and so on
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Conclusions

• Due to its high sensitivity and spectral resolution, wide sky 

field and polarization ability, eXTP may play an important 

role in the era of gravitational wave astronomy.

• EM diagnostics should significantly constrain the nature of 

GW sources, being meaningful for eXTP’s core sciences 

(i.e., SG, DM, and SM) as well as for astrophysical model.

• With eXTP, one can monitor potential EM radiation of GW 

sources by WFM, and know their polarization (by PFA) 

and spectral (by LAD and SFA) behaviors.
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THANKS!


