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Abstract. The X-ray astronomy mission eXTP (enhanced X-ray Timing Polarimetry) is de-
signed to study matter under extreme conditions of density, gravity and magnetism. Primary
goals are the determination of the equation of state (EoS) of matter at supranuclear density,
the physics in extremely strong magnetic fields, the study of accretion in strong-field gravity
(SFG) regime. Primary targets include isolated and binary neutron stars, strong magnetic-
field systems like magnetars, and stellar-mass and supermassive black holes. In this paper
we report about key observations and simulations with eXTP on the primary objectives
involving accretion under SFG regimes and determination of NS-EoS.

Key words. X-rays — Black Holes — Neutron stars — accretion — dense matter —
Astronomical instrumentation, methods and techniques
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1. Introduction

Astrophysical sources such as Neutron Stars
(NSs) and Black Holes (BHs), are ideal labo-
ratories to understand the state of matter and
fundamental interactions such as gravity and
strong force by studying the plasmas under
extreme conditions that cannot be attained on
Earth. Densities in the cores of NSs can reach
10 times the density of atomic nuclei, form-
ing states of matter that cannot be produced in
laboratories. X-ray emitting matter which ac-
cretes close to the event horizon of BHs (super-
massive in Active Galactic Nuclei, AGN, and
stellar-mass BHs in X-ray Binaries, XRBs) or
close to the surface of NSs offers powerful
diagnostics to study the very deep potential-
well generated by the central object, infer its
mass and spin, and verify crucial predictions
of General Relativity in the strong field regime
(SFG). These questions are the primary goals
of the eXTP mission (De Rosa et al. |2019;
Watts et al.[2019; Santangelo et al.|2019; [in’t
Zand et al.2019). The scientific payload of
eXTP is discussed in detail in [Zhang et al.
(2019). It consists of the spectroscopic focus-
ing array (SFA), the polarimetry focusing array
(PFA), the large area detector (LAD) and the
wide field monitor (WFM). The combination
of the SFA (an array of nine identical X-ray
mirror and silicon drift detector combinations,
covering the 0.5-10 keV and with 180 eV res-
olution at 6 keV) and the LAD (a set of large-
area collimated silicon drift detectors in the 2—
50 keV energy range and with 260 eV resolu-
tion at 6 keV) provides eXTP’s large-area and
fast-timing and spectroscopy capability. The
total LAD+SFA effective area is 4 m? at 6 keV
and the silicon drift detectors will allow one
to sample extremely high count rates at high
time resolution (10 us) with minimal deadtime.
The PFA will provide another independent X-
ray diagnostic, it consists of four identical X-
ray telescopes sensitive at 2—10 keV, with an-
gular resolution better than 30 arcsec and a to-
tal effective area of about 500 m? at 3 keV
(including the detector efficiency). The moni-
toring needed for the primary eXTP scientific
objectives is guaranteed thanks to the WFM,
consisting of 6 coded-mask cameras covering
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3.7 sr of the sky with 4 mCrab sensitivity at 2—
50 keV for an exposure time of 1 day and 0.2
mCrab combining 1 yr of observations outside
the galactic plane. We present in this paper the
study and detailed simulations of different sci-
entific diagnostics involving accretion around
BHs (in AGN and XRB, Sect. E]) and NS equa-
tion of state (Sect. [3). Our contribution as sup-
port to the mission is described in Sect. 4]

2. Accreting compact objects:
Mapping the inner regions

Super-massive BHs (SMBHs) in AGN and
stellar-mass BHs in XRBs, provide a powerful
laboratory to study the accretion flows of mat-
ter under the SFG regime. An optically thick
accretion disk extending down to the innermost
stable circular orbit (ISCO) is formed and the
bulk of emission is produced within a few grav-
itational radii (R, = GM/c*) from the com-
pact object. When the disk is externally illumi-
nated, e.g., by the hot Comptonizing gas (often
referred to as the “corona’) which is respon-
sible for the power-law X-ray emission com-
ponent of AGN and XRBs, an iron emission
line is produced together with a reflection con-
tinuum. The latter manifests itself as a broad
bump starting at a few keV and peaking around
30 keV. The reflection is due to direct Compton
scattering, with low-energy absorption due to
photoelectric interaction with the most abun-
dant atomic species, and the corresponding flu-
orescence features are produced. The combina-
tion of special relativistic (Doppler effect and
relativistic aberration) and GR (gravitational
redshift, light bending) effects contribute to
broaden and distort the intrinsically narrow Fe
K line. X-ray measurements of accretion under
the SFG regime can then be used to infer the
two most fundamental BH parameters: mass
and spin (e.g., [Fabian et al.|[1989). In the fol-
lowing, we report on the powerful spectral tim-
ing polarimetry techniques provided by eXTP
for probing matter flows in the SFG regime.

2.1. High-order Images

The broad, asymmetrical Fe K lines encapsu-
late information on the size of the disk, incli-
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z-axis

Fig. 1. Sketch of three photon geodesics starting
from a point E,, on a BH accretion disk. The first
order trajectory (red) produces the direct image. The
minus-first order photons (green) originate from be-
low the disk, passing between the BH and the ISCO,
and thus generating the first indirect image. Finally,
the trajectory looping around the BH (purple) gives
rise to the second order direct image. Adapted from
Falanga et al.|(2021).

nation, ionisation and source of illumination,
and have been observed from both XRBs and
AGNs. While in general models of the disk
emission only account for the first direct im-
age of the disk, an infinite number of photon
trajectories start from it, including higher-order
images (HOIs) produced by strongly deflected
rays from the disk which cross the plunging
region, located between the ISCO radius and
the event horizon of a Kerr BH (see Fig. [I).
In particular, the plunging region in systems
accreting at < 1% the Eddington rate would
be optically thin for the most part, allowing
photons on such trajectories to reach the ob-
server (Falanga et al.||2021). HOIs are usu-
ally neglected since the overall contribution
to the flux is quite limited: in the case of Fe
Ka, typical values range from 0.1% to 1.5%
of the total flux in the profiles. However, the
specific flux ratio at some energies can reach
5 — 7%, depending on system parameters, at-
taining higher values for BHs with low and
negative spin (@ < 0.3) and disks with inter-
mediate inclination angle (i ~ 40°). Simulated
eXTP-LAD observations of 21 different con-
figurations that took into account HOIs in the
Fe Ka profile were produced and later anal-
ysed with one current Fe Ka model, relline
(Dauser et al|2010), within Xspec. Being no
model publicly available for data fitting ac-
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Fig.2. GRO J1655-40 in a low state: the 500 ks
simulated eXTP/LAD spectrum is presented in the
upper panel, while the lower panel shows the resid-
uals with respect to a model not including the HOIs
component. Adapted from (Falanga et al.[|2021).

counting for HOIs from the disk, we focused
our study on the effects of this absence on the
parameter values retrieved during X-ray spec-
tral analysis. Thanks to the unprecedented ef-
fective area of the LAD, the spectral signa-
ture of the HOIs can emerge from the back-
ground, although in most cases it is then lev-
eled out during fitting by changes in the other
parameters (see Fig. [2| for one of the few ex-
amples in which the residuals are still visible
after the analysis). This however leads primar-
ily to a systematic overestimate of the best-
fit spin, which is rendered incompatible with
its input value in more than half the simula-
tions run, even considering rather large 95%-
confidence intervals (Falanga et al|2021). The
bias is strongest in configurations with i = 60°,
which display incompatible best-fit spins in
more than 80% of the cases, with overestimates
often reaching ayi — ajypu ~ 0.3. This analy-
sis demonstrate that HOIs should be taken into
account in modelling LAD data, and its confir-
mation by eXTP observations would provide a
test of one of the finest effects of GR in SFG.

2.2. X-ray polarimetry in stellar-mass
BH accretion disks

GR can influence the polarization properties of
the emission from the accretion disk of stellar-
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mass BHs. Photon polarization vectors are ro-
tated during their parallel transport along null
geodesics (Stark & Connors||[1977 (Connors &
Stark|1977), modifying the polarization degree
observed at infinity with respect to the polar-
ization pattern at the disk. Returning photons
(i.e. photons forced by SFG to return to the
disk before being eventually reflected towards
the observer) can deeply modify both the spec-
tral and polarization properties of the radia-
tion collected at infinity (Schnittman & Krolik
2009; Taverna et al.|[2020). In particular, re-
turning radiation is expected to dominate at
high energies, since photons emitted closer to
the BH (at higher temperature of the disk) are
more likely bent back to the disk, while direct
radiation is prevalent at low energies. When
large optical depths for the disk are consid-
ered, direct and returning components are po-
larized orthogonally, i.e. with photon polariza-
tion vectors perpendicular and parallel to the
disk axis projection in the plane of the sky, re-
spectively. As a consequence, the polarization
degree and angle are expected to strongly de-
pend on the photon energy, with the polariza-
tion angle swinging by 90° and the polarization
degree attaining a minimum when the reflected
component starts to dominate in the spectrum.
Numerical simulations (Schnittman & Krolik:
2009; Taverna et al.|2020) show that the en-
ergy at which the polarization angle swings
and the minimum in the polarization degree
change for different values of the BH mass and
spin. A simultaneous spectral and polarization
measurement of this kind of sources is within
the reach of IXPE (Weisskoptf et al. 2016)
and, with higher signal-to-noise ratio, of eXTP.
These data can hence provide further, indepen-
dent constraints for estimating these two im-
portant BH parameters. In fact SFA+LAD will
allow the measurement of BH spin with 3—
4% accuracy through only a 100-s exposure
of a 0.1 Crab source (De Rosa et al.|2019),
while longer PFA observations, of the order of
100 ks, will allow us to reach a 0.4% mini-
mum polarization degree (MDP) putting inde-
pendent constraints on BH spin measurements.
Moreover, absorption effects on the disk tend
to increase the intrinsic polarization degree of
the emitted radiation (up to values larger than
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Fig. 3. Contour plot at 30~ (99.7%) confidence level
between the coronal temperature k7 and the opti-
cal depth 7. The two cases of slab and spherical
corona are shown together for a simulated 100 ks
SFA+LAD spectrum of an AGN with a flux of ~ 1
mCrab in the 2 — 10 keV band.

~20%) compared to the predicted value in the
pure-scattering limit (less than ~10%, [Taverna
et al.|2021}, and references therein), which goes
in the direction of making more feasible in
terms of exposure a polarization measurement
for these sources.

2.3. AGN Hot coronae

The X-ray emission of AGN is thought to be
produced by thermal Comptonization of UV
radiation emitted by the accretion disk (e.g.,
Haardt & Maraschi| [1991). This process oc-
curs in a small (~ 10R,) region located in
the innermost part of the AGN, made up of
very hot (T ~ 10° K) electron plasma, the
so-called corona. The shape of the coronal X-
ray spectrum is well approximated by a power
law up to a cut-off energy E., where the power
law breaks. The cut-off energy and the spec-
tral slope are related to the physical proper-
ties of the corona, i.e. the coronal temperature
kT, and the optical depth 7 (e.g|Petrucci et al.
2001). However, the relation between physi-
cal and observed parameters strongly depend
on the exact geometry of the corona, which
is still largely uncertain. The AGN coronal
emission is expected to be polarized, with the
polarization percentage depending mainly on
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the geometry and optical depth of the corona
(Schnittman & Krolik|[2010). X-ray polarime-
try, in synergy with spectroscopic informa-
tion, will help to remove the degeneracies be-
tween measured (cut-off energy and photon
index) and physical (temperature and optical
depth) parameters. This analysis will be pos-
sible through a single eXTP pointing, with
broad-band spectroscopic observations in the
soft (0.5-10 keV) and hard (2-30 keV) X-
ray bands, together with polarimetric measure-
ments in the 2-10 keV band. Due to the en-
ergy range of the LAD instrument, eXTP will
largely focus on sources characterized by a low
energy cut-off (E. < 150 keV), which corre-
sponds to coldest AGN coronae (e.g., [Petrucci
et al.|2001). We started to extensively inves-
tigate the nature of sources with the low en-
ergy cut-offs and temperatures using the best
quality AGN broad-band spectra available with
NuSTAR. We have selected a sample of AGN
sources of nearly every known class (type-1
AGN, type-2 AGN, NLSyls, non-blazar radio-
galaxies), characterized by a low energy cut-
off energy (E. < 150 keV) as measured with
the Swift Burst Alert Telescope (BAT) by Ricci
et al.[(2017). Our sample comprises ~ 40 AGN
with available NuSTAR data. We fitted their
spectra with detailed physical Comptonization
models with two different coronal geometries
(slab vs sphere), in order to investigate their
properties, such as for instance where they lie
in the kT, — ¢ parameter space, where { =
Lo /Rm,.c? is the compactness of the corona
(e.g.,|Guilbert et al.|[1983; |[Fabian et al.|2015)).
The statistical quality of the fit does not al-
low us to discriminate between different coro-
nal geometries. Detailed SFA+LAD simula-
tions show that with 100 ks exposure on a weak
1 mCrab AGN we will measure k7 with an ac-
curacy of about 40-50% for kT < 150keV (see
Fig. 3). While no statistically significant dif-
ferences are found exploring two coronal ge-
ometries, the time-averaged polarization mea-
surements with PFA will break this degener-
acy. PFA observations will reach a MDP of
about 2-3% in 100 ks exposure for an AGN
with ~ mCrab flux, providing fundamental in-
formation on the compact corona (Serafinelli et
al. in preparation). Spectral-polarimetric anal-

249

ysis can be applied as well to investigate the
physics and geometry of coronae in XRB (De
Rosa et al.[2019).

2.4. Low Mass X-ray Binaries - LMXBs

Although the reflection component is found to
be ubiquitous in XRBs containing BHs or NSs,
a few NS LMXBs (such as the bright sources
GX 5-1 and GX 949) do not show any evi-
dence of this spectral feature. This is at odds
with the fact that normally the reflection com-
ponent (and in particular the Fe Ka line) is the
strongest component in the soft spectral states,
since in this case the disk should approach the
compact object. The reasons for this lack can
be manifold. It could be due to a strong ion-
ization of the disk, which increases the amount
of Compton broadening of the line making it
hard to detect. Alternatively a combination of
a high-inclination with respect to our line of
sight together with a relatively small reflec-
tion amplitude and/or strong Comptonization
of the line photons passing through the op-
tically thick corona before reaching the ob-
server, may produce a weak reflection com-
ponent overwhelmed by the strong illuminat-
ing continuum. Spectral simulations of bright
sources have shown that the large collecting
area of eXTP can be useful for a detailed study
of the reflection components in LMXBs, re-
sulting in best-fit inner disk parameters with
unprecedented precision. Moreover, it will also
allow us to detect weak reflection components,
if present. In particular, in the case of GX 949,
a broadband (0.3—40 keV) spectrum acquired
with BeppoSAX (50 ks exposure) and XMM-
Newton (20 ks) did not show clear evidence
of a reflection component, although a barely
significant improvement was obtained with a
reflection fraction of ~ 0.2 and a loose con-
straint on the inner disk radius of R;, < 15
R, (laria et al.[2020). Using these parameters
(Riz=15 R,) we have simulated a 20-ks eXTP
observation, obtaining clear residuals in the Fe
K line energy range (see Fig. ) if a reflection
component is not included in the model. This
would allow us to infer the inner disk radius
with high precision (5-8%), which is important
since in this kind of sources the disk probably
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Fig. 4. Residuals with respect to the best-fit model
of a 20 ks simulated eXTP data after removing
the smeared reflection component. A broad emis-
sion line is evident in the Fe-K region, as well as
other reflection features (such as the Fe edge and the
Compton hump). Adapted from |laria et al.|(2020).

extends down to the NS surface or its bound-
ary layer. We have demonstrated that 20 ks of
eXTP/LAD observation would be able to re-
veal a weak reflection component with good
statistics, giving therefore information on the
inner disk parameters. eXTP data will allow
us also to discriminate the origin of the soft
seed-photons for the primary Comptonization
component, whether they come from the NS
boundary layer (with a spherical geometry) or
from the inner disk (slab-like geometry).

3. NS Equation of State

The current loose theoretical constraints on the
NS-EoS led to the emergence of several meth-
ods to indirectly probe it observationally, espe-
cially through measurements of mass and ra-
dius; no observation, however, has yet allowed
us to measure both simultaneously with the re-
quired precision, ~ 5% (e.g|Watts et al.[2019).
In this section, we present new observational
techniques to measure the compactness of NS
and will describe the eXTP capability to put
constraints on EoS families.
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3.1. NS Radius-to-Mass ratio from
accretion disk occultation

A new technique to measure the compactness
of NSs will be made available by LAD data
(La Placa et al.|[2020). Provided that the incli-
nation is high enough and the inner disk ra-
dius is small enough, the NS surface can oc-
cult part of the inner region of the disk by in-
tercepting part of the photon trajectories start-
ing behind the NS, with respect to the observer.
Owing to the asymmetrical distribution of the
redshift of the disk emission, the loss in flux
imprinted by the occultation is not uniform
over the Fe K line profiles, and thus distin-
guishable from a simple decrease in brightness.
The impact of an occultation depends directly
on the radius-to-mass ratio (R/M) of the NS,
providing a new proxy for the NS size in X-ray
spectroscopy. NSs with R/R, 2 6 can all pro-
duce such spectral features in disks with i >
60°, provided that the inner disk radius r;, ex-
tends close enough to their surface. The deter-
mination of such a small effect on current spec-
tra is impractical, due to the insufficient signal-
to-noise ratio. Introducing the shaddisk code
into Xspec, dozens of eXTP/LAD simulations
were produced with i ranging from 55° to 80°
and R/R, between 6 and 8, each with an expo-
sure of 100 ks (La Placa et al./[2020). When
the inner disk radius is at the surface of the
star, R/R, can be measured with better than
5% precision in all cases, and better than 3%
in most. When r;, = R + 1R, it is only possi-
ble to place an upper limit on R/R,: neverthe-
less, the latter constraint is always more strin-
gent than the one put by the inner disk radius
measurement alone. Moreover, the same preci-
sion as before is still attained in the cases in
which both an upper and lower limit for R/R,
are found. Although the model was devised in
the Schwarzschild metric, the results hold true
for reasonably rotating NSs. Analysing with
the same code the Fe Ka profile generated by
rotating, oblate NSs, the value of their equato-
rial radius is retrieved within ~ 5% precision.
Since this is the precision required to properly
constrain the EoS, spectral analysis of occulta-
tion features adds to eXTP’s already great po-
tential in the study of NSs.
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3.2. Optically thick coronae and
accretion disk occultation

As the NS surface can cast a shadow on the
inner accretion disk, which in high-inclination
systems can affect the Fe line profile, in the
same way an optically thick corona, as the one
present in bright LMXBs and producing the
primary Comptonization continuum, can oc-
cult part of the back side of the disk and pro-
duce similar distortions of the Fe line profile.
This in turn may give important information
on the size of the corona and the accretion
disk—corona geometry. To test this hypothe-
sis we have analysed (~ 70 ks) XMM-Newton
and (~ 30 ks) NuSTAR spectra of the slow
(Pspin ~ 0.5) LMXB X-ray pulsar 4U 1822-37,
with an inclination of i ~ 80°-85°. Note that
at such a high inclination the reflection com-
ponent is really weak, since its strength de-
creases as cosi. We have fitted the line pro-
file with the shaddisk model described above,
finding that current observations are insuffi-
cient to constrain the dimension of the com-
pact corona. However, LAD+SFA simulations
show that deformations of the relativistic iron
line profile due to occultation by a corona
extending up to 80 R, (corresponding to the
size of the pulsar magnetosphere and identified
with the optically thick corona) will be clearly
detected with a reasonable exposure of 150
ks (Gambino et al., MNRAS, submitted). For
these exposures we find that the spectral dis-
tortions introduced by occultation will be de-
tected at high statistical confidence, above 8 o
(see Fig. E]) In addition, we obtain an error box
of about 14% of the corresponding measure-
ment of the occultation radius of the optically
thick (spherical) corona, with the precision of
this measurement increasing for higher expo-
sures. eXTP will allow us to apply this method
in different systems to infer the size of the op-
tically thick corona, the geometry of the accre-
tion flow and the physical processes that inter-
vene in the production of the observed emis-
sion.

The same technique of disk occultation from
hot coronae could be in principle applied to ac-
creting BHs such as XRBs and bright AGN (La
Placa et al., in preparation).

251
. 4U 1822 37 Lo
g_E ol H’J H{I‘WHUMHH “ Lo H{ | AR
£1 il I |
. ‘ il .
g [,.g‘.u@\x’”u‘“!w,(.i”_)‘{l; \{“) z} MH“: fid iy
2g U LR L R L

)

! |
N\) i I Hl‘\“l ” Lh HHHH i M it i } J] I } |
plrv nm P ’w 1 I i

}
)

M-OCC-0-DISKLINE
<

-5
5.0 5.5 6.0 6.5 7.0 715 8.0 8.5 9.0
Energy (keV)

Fig. 5. Residuals of the simulated 150 ks eXTP
spectra with respect to te models shaddisk includ-
ing occultation (upper), shaddisk without occulta-
tion (middle) and a simple diskline (lower) as-
suming an optically thick, spherical corona with a
radial size of 80 R,.

3.3. Quasi-periodic oscillations

The fast quasi-periodic oscillations (QPOs) in
the X-ray emission from NSs in low mass X-
ray binaries can be used to constrain their equa-
tion of state. QPOs are believed to be pro-
duced in the inner regions of the accretion
disk surrounding the compact object. Although
their interpretation is still debated, in most
models the QPO frequencies are interpreted
as combinations of the fundamental frequen-
cies of quasi-circular geodesics close to ISCO
(Bellom1 & Stella [2014), i.e. the orbital fre-
quency and the epicyclic frequencies. It has re-
cently been shown (Maselli et al.[2020) that the
fundamental frequencies of the geodesic mo-
tion around a NS can be computed as func-
tions of the mass, angular momentum and
quadrupolar momentum of the star, and thus
can be exploited to constrain the NS equation
of state. This approach has been used, as a
proof of principle, to verify that one of the
main geodesic models — the relativistic pre-
cession model (Vietri & Stellal[1998; Stella &
Vietri|1999) — is consistent with present ob-
servations of the QPOs from NSs. High pre-
cision QPOs measurements will be available
with eXTP for a significant number of sources
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(De Rosa et al[[2019). In addition to putting
strong constraints on the EoS, the proposed
model will provide key information on QPOs
interpretation.

3.4. Mergers of compact stars in the
two-families scenario

NSs can co-exist with stars made entirely of
strange quark matter, called Strange Quark
Stars (QSs, [Drago et al.| 2014). The exis-
tence of QSs is based on the validity of the
Bodmer-Witten hypothesis, stating that lumps
of strange quark matter are more stable than
iron: QSs are stable even in the absence of
gravity. The co-existence of NSs and QSs al-
lows for the existence of compact stellar ob-
jects with very small radii (~11 km or less)
and not too large masses (< 1.5-1.6 M) and,
at the same time, allows the existence of very
massive objects, with masses up to 2.5-2.6 M,
and not too small radii. The first class of ob-
jects would correspond to NSs made of neu-
trons, protons, hadronic resonances and hyper-
ons (the production of these particles makes
the EoS soft and explains the small radii),
while the second class of objects would be that
of QSs. The two-families scenario has many
testable implications. The most obvious one is
the ability to explain the existence of stars with
R < 11.5km and M ~ 1.4-1.5 My, which is
not possible unless a strong first order phase
transition is present in the compact stars. This
prediction can be tested by eXTP. Core science
of the mission will be in fact devoted to obser-
vation of rotation-powered pulsars that will al-
low us to measure NS mass and radius in about
10 sources at the few percent level (consider-
ing the anticipated Observing Plan, Watts et al.
2019). Other predictions are associated with
mergers. Three types of mergers are possible in
the two-families scenario: NS—-NS, NS—-QS and
QS-QS (e.g. Drago & Pagliara|2018; De Pietri
et al.|[2019), and, assuming this scenario, the
merger associated with GW170817 can only
be explained as a NS—QS merger. This is be-
cause a NS-NS merger with a total mass of
about 2.73 M would lead to a direct collapse
to a BH (the maximum mass of a non-rotating
NS is only about 1.5-1.6 M, in that scenario
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and the threshold mass is about 2.5 M) while
the total mass of GW170817 is most likely too
small to be a QS—QS merger. This wider range
of possibilities, with respect to the one-family
scenario, allows an average tidal deformabil-
ity A 2 400 while having R;5 < 12 km for
M=1.5 M, star for a NS-QS merger, which
is not possible in the one-family case (Burgio
et al.|2018)). The main predictions of the two-
families scenario concerning mergers are:

(a) direct collapse to a BH for total masses
2> 2.5Mg, in the case of a NS—NS merger. This
is the most striking prediction of the model
since a direct collapse is impossible in all other
scenarios if the total mass is smaller than that
of GW170817. In that merger a direct collapse
has been ruled out, which is possible within the
two-families if GW170817 is a NS—QS merger
(Drago & Pagliaral2018);

(b) the kilonova signal for a NS-BH merger
is strongly suppressed with respect to the one-
family case, due to the small NS radii. This
prediction should be testable with the Vera
Rubin Observatory (D1 Clemente et al.|2021);
(c) the formation of deconfined quark matter
does not lead to a softening of the Equation
of State in the two-families scenario, at vari-
ance with what is predicted in all the other sce-
narios in which quark matter forms. This im-
plies that the formation of quark matter is not
associated with an increase of the frequency
of the GW signal (it could even lead to a de-
crease of the frequency|De Pietri et al.[2019)). If
the post-merger GW emission is observed this
prediction can be tested since the two-families
scenario predicts the formation of a QS in the
post-merger in all cases in which there is not a
direct collapse to a BH.

The unique eXTP combination of field of view,
large effective area, broad energy band, spec-
tral resolution and polarization capabilities,
will allow us to address fundamental questions
related to mergers events by observing the EM
counterpart of GW events (in’t Zand et al.
2019, and references therein). The WFM will
be able to confirm or exclude different prompt
Gamma Ray Burst (GRB) emission models de-
tecting EM signals from the remnant on a rele-
vant time scale (from ~ 1 s to longer).
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4. Scientific simulations: response
matrices and background

In March 2021 a new version of the eXTP ma-
trices has been released at the mission web-
page https://www.isdc.unige.ch/extp/.
The simulation package included the goal and
requirement configurations that will be dis-
cussed in a more detailed below.

LAD. We provided matrices referring to End-
of-Life conditions. Earlier in the mission life-
time, the spectral resolution (which depends
on operational temperature) will be not yet
degraded by radiation damage. Goal matrices
refer to the baseline effective area increased
by a factor of ~ 7% obtained with a colli-
mator opening area ratio of 0.75. We also re-
leased matrices referring to the selection of
only single-anode events (offering the higher
spectral resolution of FWHM=200 eV at 6
keV), with a reduced effective area to 40% of
the baseline at 6 keV. The LAD background
was determined using an updated mass model
with the eXTP spacecraft design (from the
model as provided in March 2020) in Geant-
4 simulator. 40 LAD modules were considered
with a realistic placement on optical bench, and
updated module design (materials, spacing be-
tween layers, etc). Through Monte Carlo sim-
ulator (Campana et al.|2013) we included the
contributions to the overall LAD background
in an equatorial low-Earth orbit (outside SAA).
The LAD background in the baseline configu-
ration is 600 cts/s in 2-30 keV.

WFM: In order to allow scientists to obtain a
sense of the WEM coverage, together with arf,
rmf and bkg files, a 1-year integrated expo-
sure map of the WFM was also provided. The
exposure is added if a position is covered by
at least 10 cm? per camera. The WFM back-
ground has been compiled from calculations
of the particle-induced background (through
Geant-4) and the diffuse cosmic X-ray back-
ground (CXB) (Campana et al. 2012) and
amounts to 590 cts/s/camera-pair in the whole
energy band. The contribution from other point
sources in the field of view varies over the
sky, from a negligible contribution close to
the Galactic poles, up to 2500 cts/s/camera-
pair close to Sco X-1, with an average over
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the whole sky of ~ 240 counts/s/camera-pair.
Thus, the sensitivity can be up to a factor of
2 worse than that based on the provided back-
ground.

SFA: For the 9 SFA payload two kinds of
configurations have been considered: a multi-
layer (Au+10 nm of carbon composite) coated
Wolter-I mirror and a gold coating, produc-
ing two different effective areas around 2 keV.
A study of possible configuration and perfor-
mance is presented in|Qi et al.|2020. As for the
LAD, the SFA background is obtained through
the Monte Carlo simulation based on the mass
model of the platform and payload through
Geant-4. The total SFA background includes
the particle background with a constant rate of
0.003 cts/s/cm?/keV and the aperture CXB.
PFA: As for the SFA, the 4 PFA mirrors
have the baseline configuration of gold coat-
ing, while the mixed coating is considered as
an optimized scheme (Qi et al.|2020). The to-
tal PFA background comprises particle back-
ground and the CXB. The particle background
spectrum is modeled with a power-law return-
ing an average rate of 0.0033 cts/sec/cm?/keV
in 2-8 keV energy range. Large part of the high
energy community has been involved in scien-
tific simulations that have been used to opti-
mize the mission and instrument performances
and to define the scientific requirements (de-
scribed in Scientific Requirement, Mission re-
quirement and Observing plan documents.

5. Conclusions

Detailed scientific simulations demonstrate
the unprecedented progress that eXTP will
make in the study of matter accreting under
SFG regimes and in the EoS determination
through mass and radius measurements. eXTP
will address many fundamental issues in BH
and NS astrophysics, such as the physics
and geometry of the hot coronae. The eXTP
effective area, which will greatly improve the
photon counting statistics, will make available
the use of new and more accurate analysis
(e.g. disk occultation) to constrain accretion
properties and geometry nearby compact
objects. Moreover, the combined spectral-
polarimetric and spectral-timing information
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will allow us to measure the same physical
quantity using different techniques: eXTP
observations will significantly reduce the sys-
tematic uncertainties linked to modeling. The
presented activities also included support for
scientific simulations to the whole community
such as the release of response matrices and
background files, and studies of the mission
scientific requirements.
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