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Abstract. The similarity of the absolute luminosity profiles of Type Ia supernovae (SNIe), as
one kind of distance indicator, has led their use in extragalactic astronomy as secondary stan-
dard candles. In general, the empirical relationship of SNIa on the absolute peak magnitude
MB is calibrated by Cepheid variables in the near distance scale and directly extrapolated to
much farther distances. Therefore, two main problems arise. First of all, their calibration,
in particular the determination of MB, depends on the empirical relationship of Cepheid
variables, which suffers from various uncertainties. The second is related to the homogeneity
of SNIa in their true MB, which is known to be poor in different environments. The observed
gravitational-wave (GW) signal of the coalescence of compact binary systems and their elec-
tromagnetic counterparts provide the novel and model-independent way to address these two
problems. In the era of second-generation GW detectors, the low-redshift GW sources pro-
vide a novel method to calibrate the empirical relationship of SNIa, using their self-calibrated
distances. In this paper, we use the event GW170817 to calibrate the empirical relationship
in different low redshift ranges, and find that the calibration results are consistent with the
ones derived from the Cepheid variables. Moreover, the uncertainties of MB in both methods
are also comparable. By the observations of third-generation GW detectors, GW sources can
also be used to measure the values of MB for the high-redshift SNIe, which provides a unique
opportunity to study the dependence of MB on the local environment, strength of gravity,
and the intrinsic properties of the explosion, in addition to test the homogeneity of standard
candles. We find that the uncertainties of MB in both high and low redshifts are more than
one order of magnitude smaller than the current accuracy.

Keywords: astrophysical fluid dynamics, gravitational waves / theory

ArXiv ePrint: 1710.10055

https://arxiv.org/abs/1710.10055


J
C
A
P
1
1
(
2
0
1
9
)
0
0
9

Contents

1 Introduction 1

2 Calibrating the empirical relation of SNIa with GW170817 2

3 Calibrating cosmic ladders in the era of 3G GW detectors 4

3.1 Calibrating the SNIa standard candle in low-z range 4

3.2 Determining the absolute magnitude of SNIa in high-z range 5

3.3 Calibrating the empirical relation of GRBs 8

4 Conclusions 8

1 Introduction

Cosmic distance ladder plays a key role in determining the distances to celestial objects,
which is a succession method depending on the empirical relations for various specific stars
or galaxies. In general, these empirical relations are calibrated in the low redshift (i.e. low-z)
range, and directly extrapolated to higher-z ranges. The stabilities of these extrapolations are
always difficult to be directly tested, which may induce to systematical biases in determining
the distance in high-z, misleading the explanation of the cosmological data. For instance,
based on the similarity of the absolute luminosity profiles, type Ia supernovae (SNIe) are
the best way to determine extragalactic distances [1]. Even though the value of their peak
magnitude is calibrated by the nearby Cepheid variables, the application is assumed to be
in a much farther distance range [2]. Both steps suffer from various uncertainties. First,
the calibration depends on the empirical period-luminosity relation of Cepheid variables [3].
However, the impact of metallicity on both the zero-point and the slope of this relation, the
effects of photometric contamination and a changing extinction law on Cepheid distances are
actively debated in literature [4]. Meanwhile, the homogeneity of SNIa in their true MB is
proved to be poor in different environments [5]. The formation of SNIe is still in debate, but in
the double degenerate scenario, SNIe are triggered by the merger of two double dwarfs whose
mass exceeds the Chandrasekhar limit, raising questions about the applicability of SNIe
as standard candles. The total mass of the two merging white dwarfs varies significantly,
meaning that the luminosity also varies [6]. In addition, recent studies show that in the
modified gravity scenario, proposed as a way to interpret the cosmic acceleration, the peak
luminosity of SNIa depends on the local strength of gravity [7, 8]. Therefore, the extrapolation
of SNIa’s absolute magnitude from low-z to high-z is dangerous, being the measurement of the
absolute magnitude of SNIe in different redshifts necessary. This is of crucial importance in
order to study the intrinsic physics, the environment dependence and the local gravitational
properties of SNIe.

The observation of gravitational-waves (GW) signal, caused by inspiralling and merging
binary neutron stars (BNSs) as well as neutron star-black hole binaries, provides a novel to
measure the luminosity distance in an absolute way, without having to rely on a cosmic
distance ladder [9]. In many cases, it is also possible to identify their electromagnetic (EM)
counterparts and determine their redshifts [10]. Therefore, GW standard sirens provide a
unique model-independent way to construct the Hubble diagram in a wide redshift range.
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Considering the second-generation (2G) GW detector network, only the BNSs at z < 0.1 are
expected to be observed, which provide an alternative model-independent way to calibrate
the SNIa standard candle. The third-generation (3G) detector network can detect the GW
signals of BNSs if z . 2 [11, 12], which provides a powerful way to calibrate various traditional
distance indicators, including SNIe. More importantly, the GW Hubble diagram provides a
unique opportunity to directly test the homogeneity of cosmic distance ladder, and investigate
the intrinsic properties of the celestial objects. For instance, the direct measurement of the
absolute magnitude of SNIa in different redshift ranges can infer their local strength of gravity,
becoming a powerful probe of gravity [7, 8].

In this article, we first use the observed event GW170817 to calibrate the absolute mag-
nitude and the empirical relation of SNIe. We find that the GW calibration, in comparison
with the traditional Cepheid variables one, gives consistent results. In addition, we find that
the accuracies of both calibration methods are comparable, even if only one GW source is
considered. In the forecast, we consider the 3G detector network, consisting of the Einstein
Telescope (ET) and the Cosmic Explorer (CE), to investigate the potential measurement
accuracies of the SNIa’s absolute magnitude in both low-z and high-z ranges.1 Moreover,
we also study the possibility of using GW sources as cosmology-independent calibration of
empirical luminosity relation of γ-ray bursts (GRBs).2

2 Calibrating the empirical relation of SNIa with GW170817

In the Friedmann-Robertson-Walker universe, the Hubble constant is H0 = 100h0 km s−1

·Mpc−1, where h0 = 0.674 ± 0.005 was recently derived from the cosmic microwave back-
ground radiation (CMB) data [15]. Meanwhile, the SNIa data inferred a different value of
h0 = 0.7403 ± 0.0142 [16], which conflicts with the CMB result at more than 4σ confidence
level. The tension in different measurements of the h0 value puzzles modern cosmology.
Many authors argued that the Cepheid calibration for SNIa might be responsible for this dis-
crepancy. In order to solve these debates, and test the reliability of SNIa as cosmic distance
indicator, it is urgent to search for an independent calibration method. On the other hand,
observing GWs from binary coalescences at low-z can help determine the sources’ luminosity
distance at reasonably high precisions. The discovery of GW event GW170817, which is
caused by the merge of binary neutron stars, as well as the identification of its various EM
counterparts, open the new era of GW astronomy [17]. In addition to directly study the
cosmic evolution by GW data alone, the GW standard sirens also provide a novel and model-
independent way to calibrate (or test) the existing cosmic distance ladder, including SNIa
and GRB. In this section, we use the observed GW170817 to calibrate the empirical relation
of low-z SNIa, in particular to determine their absolute magnitude. For this GW event,
we have the information of its redshift and luminosity distance, which are z = 0.0103, and
d = 43.8+2.9

−6.9 Mpc [18]. For SNIe data, we adopt the observations obtained by SDSS-II and
SNLS collaborations [19], which include 740 SNIa data at zmax < 1.3. The empirical relation
of SNIa can be formally written as [19] S = a + bX1 + cC + Z, where S ≡ 5 log10(d/10 pc),
a ≡ −MB with MB the corrected absolute magnitude of SNIa. The nuisance parameters are
described by a, b and c. X1 stands for the time stretching of the light-curve, and C describes
the supernova color at maximum brightness. Z ≡ m∗

B−∆MB, where m∗
B corresponds to the

1Similar idea is also investigated in the recent work [13].
2Similar idea is also investigated in the recent work [14].
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Figure 1. Two dimensional marginalized constraints in MB–h0 (left) and MB–q0 (right) from the
data combination of GW170817 and SNIe at z < 0.1.

apparent magnitude at time of B-band maximum. ∆MB = −0.08 if the host galaxy mass of
SNIa is larger than 1010 M�, and zero otherwise.

In the low-z range, i.e. z � 1, up to the second order of redshift, the extended Hubble
law is satisfied for any cosmological model, which reads [20] d(z) = (z/H0)[1 + 1/2(1− q0)z],
where d(z) is the luminosity distance at redshift z, q0 is the deceleration parameter. The
basic idea is to determine the H0 and q0 by GW data, and construct the Hubble diagram.
Then, we calibrate the SNIa empirical relation by this Hubble diagram. This is equivalent
to simultaneously fit the five parameters together (a, b, c, h0, q0) by combining GW and SNIa
data, which can be carried out by the usual χ2 analysis.

We first illustrate if it is possible to auto-calibrate the empirical relation by SNIa data
alone. Using the SNIa data at z < 0.05, and employing the revised CosmoMC package,
we obtain the marginalized constraints on the five parameters, which are listed in table 1.
We find that the uncertainties of the absolute luminosity, the Hubble constant and the
deceleration parameter are all large, which indicates that the auto-calibration of the empirical
relation is impossible. The traditional calibration method uses Cepheid observations, which
share the same host galaxies with some SNIa in low-z range. However, as mentioned above,
this Cepheid calibration depends on other calibration methods in the lower redshift, i.e. the
trigonometric parallax method. In addition, the Cepheid calibration also suffers from various
uncertainties.

In this article, we calibrate the empirical relation by combining the GW170817 and the
low-z SNIa data. The total χ2 is the sum of χ2

GW and χ2
SN. Adopting the SNIa in different

low-z ranges, from zmax = 0.05 to zmax = 0.2, we derive the constraints on the parameter
set, which are all listed in table 1. We find that the constraints of all the parameters are
nearly the same for the case with SNIa at z < 0.05 and those at z < 0.1. The uncertainty
of MB reduces to around 0.3 magnitude, becoming comparable with the traditional Cepheid
calibration method, which follows the calibration accuracy σMB

' (0.1 ∼ 0.2) magnitude [21].
In figure 1, we plot the 2-dimensional uncertainties contours for MB–h0 and MB–q0. Note
that the constraint on q0 is weak by the low-z observations, where we set q0 in the range
of q0 ∈ (−0.7,−0.4) in the analysis. In addition, we find that the constraints on the cali-
bration parameters, as well as the cosmological parameters, are completely consistent with
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a b c h0 q0

aSNIa auto-calibration z < 0.05 19.495+0.865
−1.010 0.148+0.010

−0.010 −2.836+0.180
−0.181 0.567+0.303

−0.297 −0.565+0.104
−0.135

aGW170817/SNIa z < 0.05 18.997+0.297
−0.322 0.148+0.008

−0.012 −2.836+0.121
−0.117 0.721+0.109

−0.096 −0.566+0.103
−0.133

aGW170817/SNIa z < 0.1 18.995+0.288
−0.304 0.150+0.008

−0.008 −2.919−0.109
−0.109 0.720+0.101

−0.095 −0.593+0.091
−0.107

aGW170817/SNIa z < 0.2 19.011+0.294
−0.320 0.139+0.006

−0.006 −3.058+0.077
−0.074 0.713+0.108

−0.097 −0.545+0.082
−0.086

a3G network/SNIa z < 0.1 19.122+0.009
−0.009 0.149+0.008

−0.008 −2.921+0.111
−0.112 0.673+0.002

−0.002 −0.515+0.077
−0.082

b3G network/SNIa z < 0.1 19.130+0.011
−0.011 0.150+0.010

−0.010 −2.784+0.139
−0.136 ———– ———–

Table 1. The constraints of calibrating parameters derived from various calibration analyses. Note
that the super-index a denotes the calibration method with Hubble law, and b denote the calibration
of interpolation analysis.

those of Cepheid calibration. For instance, we find that, although the uncertainty is still
similarly large, the central value of h0 becomes slightly larger than that derived from GW
data alone [18], which supports the traditional Cepheid calibration method. This result hints
that the tension between the SNIa and the CMB datasets in deriving the h0 value still exists,
which should not be caused by the Cepheid calibration method. If considering the SNIa
data in a larger range, i.e. z < 0.2, we find that the constraints on the parameters are also
consistent in 1σ confidence level. However, in accordance to previous work [19], we find that
the central values of b and c become slightly smaller, which may give a hint on the evolution
of the empirical relation of SNIa. We expect that future, and more precise, GW calibration
can solve the issue.

3 Calibrating cosmic ladders in the era of 3G GW detectors

For the 3G GW detectors, the different kinds of noise will be reduced by more than one order
of magnitude compared with the 2G ones, and the low-frequency range will be extended to
sub-10 Hz [11, 12]. Therefore, in addition to the much more precise observations on the low-
z BNSs, 3G network also provides the opportunity to detect the high-z GW signals up to
z = 2 for BNSs and z > 2 for NSBHs. Considering these sources, it then becomes possible
to directly measure the absolute magnitude of SNIa, test the validity and/or calibrate the
cosmic distance ladders in a wide range of redshifts for the first time. In this section, as an
example, we forecast the calibration capabilities of the 3G network for both the SNIa and
the GRB standard candles.

3.1 Calibrating the SNIa standard candle in low-z range

Two leading proposals are currently under consideration for the design of 3G GW detectors.
One is the ET [11], and the other is the CE [12]. We consider a 3G network consisting
of both ET and CE. In order to calculate the uncertainties in the luminosity distance of
GW sources, we adopt the Fisher matrix analysis [22]. The response of an incoming GW
signal is a linear combination of two wave polarizations in the transverse-traceless gauge,
dI(t0 + τI + t) = F+

I h+(t) + F×
I h×(t), where h+ and h× are the plus and cross modes of

GW respectively, t0 is the arrival time of the wave at the coordinate origin, τI is the time
required for the wave to travel from the origin and reach the I-th detector at time t. The
detector’s antenna beam-pattern functions F+

I and F×
I depend on the source localization
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(θs, φs), the polarization angle ψs, as well as the detector’s location and orientation. For the
GW signals h+ and h× of BNSs, we adopt the restricted post-Newtonian approximation of
the waveform for the non-spining systems [23], including only waveforms in the inspiralling
stage, which depends on the symmetric mass ratio η = m1m2/(m1 + m2)

2, the chirp mass
Mc = (m1 + m2)η

3/5, the luminosity distance d, the inclination angle of the binary system
ι, the merging time tc and merging phase ψc.

For any given binary system, the response of the GW detector depends on nine sys-
tem parameters (Mc, η, tc, ψc, θs, φs, ψs, ι, d). Employing the 9-parameter Fisher matrix and
marginalizing over the other parameters, we derive the uncertainty σd. In the low-z range,
the localization ability of 3G network is extremely high. For BNSs at z = 0.1, the angu-
lar resolution is around ∆Ωs ∈ (1, 10) deg2 for 3G network [22]. So, it seems possible to
identify the EM counterparts for a large number of GW events. We numerically simulate
the BNS samples with random binary orientations and sky directions for our investigations,
and assume that the mass of each NS is 1.4 M�. The redshifts are uniformly distributed
in comoving volume in the range z < 0.1, considering a spatial flat ΛCDM cosmology with
h0 = 0.7 and Ωm = 0.3. For each sample, we calculate the values of SNR and ∆d/d. Note
that the distance uncertainty, σd/d, of GW sources are subject to two kinds: the statistical
error ∆d/d, and the additional error due to the effects of weak lensing which should also
be considered, and it can be approximated as ∆̃d/d = 0.05z [24]. We randomly select 1000
sources to mimic the detection of 3G network in three years [17], which satisfy the criteria
of SNR > 8, and ∆d/d < 50%. The distribution of ∆d/d for these samples are presented in
figure 2. Using these samples, we calibrate the empirical relation of SNIa in the low-z with
z < 0.1 by two different methods. The first one is the same as described previously, where we
use both SNIa data and the simulated GW data to simultaneously constrain five parameters
(a,b,c,h0,q0). In the second method, we consider the linear interpolation of GW sources to
obtain the value of Si at each SNIa redshift and the corresponding error bar. We apply the
following χ2 calculation to obtain the constraints on a, b, c,

χ2
SN =

N∑
i=1

(Si − a− bXi − cYi − Zi)
2

σ2Si
+ σ2a+bXi+cYi+Zi

. (3.1)

We present the calibration results in table 1, where we show that they are nearly the same for
both methods. The uncertainties of the absolute luminosity MB are 30 times smaller than the
present ones, which is also nearly one order of magnitude smaller than the result of Cepheid
calibration. Note that although the central value of the calibrated parameters depends on
the assumed fiducial cosmological model, their uncertainties are nearly independent of it,
thus quantifying the calibration capabilities of the corresponding methods.

3.2 Determining the absolute magnitude of SNIa in high-z range

Observing the high-z GW events by 3G detector network provides a unique way to calibrate
the cosmic ladders in the high-z range, which is crucial for SNIa. Since in the standard
way, the empirical relation is calibrated in the low-z range by Cepheid variables, and di-
rectly extrapolated to more than 500 farther distances range. The principle problem of this
extension is their “standardness” of the brightest standard candles: how homogeneous the
objects are in their true absolute magnitude. For some of these different standard candles,
the homogeneity is based on theories about formation and evolution of stars and galaxies,
and it is thus also subject to uncertainties in those aspects. For the SNIa, the most luminous
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Figure 2. Black dots denote the statistical distance uncertainties of 1000 low-z GW events, red stars
denote those of 1000 face-on high-z GW events, and blue dots denote those of 5000 high-z GW events
with random inclination angles. The green line denotes the uncertainties caused by cosmic lensing.

of the distance indicators, this homogeneity is known to be poor [5]. However, no other class
of object is bright enough to be detected at such large distances, so the class is useful sim-
ply because there is no real alternative. Fortunately, the GW detection of BNS and NSBH
combined with their EM counterparts, could provide an independent method to test and
calibrate these candles. In addition to correct the possible biases caused by the high-z SNIa,
the new calibration is also helpful to study the intrinsic physics of SNIa models, for instance,
the effect of metallicity and local strength of gravity on the bursts.

It has been argued that for high-z binary coalescent GW events, the most promising
method to measure their redshifts is to observe their short-hard γ-ray burst (shGRB) coun-
terparts and the afterglows. However, the angular distributions of these EM signals are still
unclear [10, 25, 26]. In this paper, we consider two extreme cases. Similar to the previous
works [22, 24, 29], in the first case, we assume the shGRBs are beamed: the γ radiation is
emitted in a narrow cone more or less perpendicular to the binary orbital plane, and the
observed shGRBs are nearly all beamed towards the Earth [10]. In the second extreme case,
we assume the energetics of shGRBs is isotropic. Therefore, in the first case, only the nearly
face-on GW events can be detected by both GW and EM bands, and the expected event
rate in this case is low. For a conservative estimation, as in previous works [22, 24, 29], we
assume 1000 observed BNSs uniformly distributed in comoving volume for a redshift range
of 0.1 < z < 2. In calculation, we randomly choose 1000 samples from the full simulations,
which satisfy the criteria of SNR > 8. These samples mimic the potential observation of 3G
network, and are used to calibrate the cosmic ladders. While in the second case, the incli-
nation angles of observed GW events with EM counterparts are expected to be randomly
distributed, and the event rate in this case is expected to be much higher. In this paper, for
a conservative estimation, we assume 5000 observed BNSs satisfying the criteria of SNR > 8,
and σd/d < 50%, which are randomly chosen from the full simulations. For these high-z
samples, the source localizations (θs, φs) of GW events are expected to be fixed by their
EM counterparts, which can be excluded from the Fisher matrix analysis. Utilizing these
samples, we repeat the same calculation as stated above, but adopting now a 7-parameter
Fisher matrix, and find that the statistical uncertainties ∆d/d is quite large. For instance, in
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a b c

a3G network/SNIa z > 0.1 19.107+0.005
−0.005 0.140+0.005

−0.006 −3.138+0.068
−0.068

a3G network/GRB z > 0.1 52.735+0.014
−0.014 1.871+0.034

−0.035 ———–

b3G network/SNIa z > 0.1 19.111+0.007
−0.006 0.138+0.006

−0.006 −3.048+0.073
−0.072

b3G network/GRB z > 0.1 52.748+0.016
−0.017 1.832+0.037

−0.038 ———–

Table 2. The constraints of calibrating parameters derived from various calibration analyses. Note
that the super-index a denotes the case with 1000 face-on GW events at z > 0.1, and the super-index
b denotes the case with 5000 GW events with random inclination angles at z > 0.1.

the second case, if z > 0.5, more than 60% samples have ∆d/d > 50%. In the first case, the
situation is even worse: nearly all the samples have ∆d/d > 1. These results are consistent
with that in our previous work [22] (see figure 14), which are caused by the strong degen-
eracy between the luminosity distance d and the inclination angle ι in GW analysis. So, if
the inclination angle of GW event is unknown, the application of BNSs as standard sirens in
high-z range is limited.

For this reason, similar to the recent work [13], in this article, we consider the scenario
of assuming that the inclination angles, as well as the sky-positions, of BNSs are known
purely from their EM counterparts. This scenario is possible as we have already have seen
in the case of GW170817. The sky position of GW170817 was constrained by finding the
host galaxy NGC 4993 [27] whereas the inclination angle was constrained from the X-ray
and ultraviolet observations [28]. In this scenario, the errors in distance measurement can
be significantly reduced. For both cases, we calculate the value of ∆d/d by analyzing the
6-parameter Fisher matrix for each sample, and present their distribution in figure 2. We
find that the values of ∆d/d in case two is larger than those of case one by a factor 1–2,
which is caused by the higher SNR for the face-on GW events.

We apply these samples to calibrate the empirical relation of SNIa S = a+bX1 +cC+Z
as above, and assume the homogeneity of this empirical relation in the full range 0.1 < z < 2.
In the high-z range, the Hubble law is untenable and cannot be applied anymore. Therefore,
for different redshift ranges, we use a linear interpolation of GW sources to obtain the value
of Si at the SNIa redshift and the corresponding error bar. We apply the χ2 calculation
defined in (3.1) to obtain the constraints on a, b and c, which are listed in table 2 for both
cases. We find the uncertainties of all parameters a, b and c in case two are slightly larger
than those in case one, which is caused by the larger uncertainties ∆d/d in case two.

Note that the numbers of observable GW events, NGW, in both cases are quite uncertain.
In order to test how the uncertainties of parameters a, b and c depend on NGW, in case one,
we change the value of NGW = 1000 to that of NGW = 300, and repeat the above calculation.
We find the results in two cases are nearly the same, although the values of NGW are quite
different. This is understandable: the GW observations influence our results only through
affecting the values of Si and their uncertainties of SNIa samples. Since we consider the
linear interpolation of GW sources to obtain the value of Si at each SNIa redshift and the
corresponding error bar, and their values depend only on its nearby GW events. Therefore,
increasing or decreasing NGW cannot significantly affect their values. In case two with GW
samples with random inclination angles, we find the similar results: changing NGW from
5000 to 2000, or to 20000, we cannot find the significant changes on the uncertainties of
parameters a, b and c.
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From table 2, we find that the constraints on b and c are similar to the current constraint
level, which is dominated by the observed SNIa data. However, the uncertainty of MB is
around 0.006 magnitude, which is more than one order tighter than the Cepheid calibration
in the low-z range. These results demonstrate that the potential GW standard sirens indeed
provide a powerful tool to calibrate the empirical relation of SNIa in the full redshift range.

3.3 Calibrating the empirical relation of GRBs

In cosmic distance ladder, the GRBs have been proposed as a complementary probe, which
provide a new tool to measure the distance of objects in higher redshifts up to z ∼ 8, due
to their intense explosions [30]. An important concern is related to the calibration of the
empirical relation between luminosity and energy of the GRBs, which is always carried on by
assuming the SNIa as standard candles and using the observed SNIa data for z < 1.4 [31].
However, the GW observations on the coalescing BNSs and NSBHs provide another model-
independent method to calibrate these relations. Here, we investigate the potentials of GW
calibration on the empirical relation of GRBs.

For GRB data, we adopt the most recent observation, including 81 GRB data at zmax <
2.0 summarized in [32]. For each GRB data, the empirical Amati relation reads S = a+bX+
Y + Z, where S = 2 log10(d/cm), X = log10 (Ep,i/300 keV) with Ep,i being the cosmological
rest-frame spectrum peak energy of GRBs, Y = − log10(Sbolo/10−5 erg cm2) with Sbolo being
the bolometric fluence of gamma rays in the GRB, and Z = 5 − log10(4π/(1 + z)). Similar
to the discussion above, the values of Si are calculated from the linear interpolation of GW
sources, and the Xi, Yi and Zi are the observed data. Note that the calibration parameters a
and b correspond to the parameters λ and b in the literature [30–32]. By a similar χ2 analysis
as in the previous discussion, we obtain the constraints on the calibration parameters a and
b, which are listed in table 2. We find that their uncertainties are one order of magnitude
smaller than the current constraints derived from the SNIa calibration [31].

4 Conclusions

The detection of GW170817 by the collaboration of two Advanced LIGO detectors and one
Advanced Virgo detector opens the possibility of using a brand new GW window to further
our understanding of fundamental physics, cosmology and astrophysics. Due to the self-
calibrated distance of GW sources, GW can be treated as a standard siren to independently
construct the Hubble diagram in a wide range of redshifts, by which the absolute magni-
tude MB of SNIe at different redshifts can be directly measured. Considering the 2G GW
detector network, the measurement of MB at low-z range provides a novel way to calibrate
the empirical Phillips relationship of SNIa. In this paper, we calibrate this relation using
the observation of GW170817. We find that the calibration result is consistent with that
derived from traditional Cepheid calibration, and the uncertainties of MB are comparable in
both methods. For the calibration capability of 3G GW detector network, we find that the
uncertainty of MB in both low-z and high-z is more than one order of magnitude smaller than
that from the present level, which provides a unique opportunity for research on cosmology,
gravity and intrinsic properties of SNIa at high redshifts. In addition, the empirical Amati
relation of high-z GRBs can also be calibrated, and the uncertainties of the parameters are
expected to be one order of magnitude smaller than those derived from traditional SNIa
calibration.
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