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Abstract In the 2030s, space-based gravitational-wave
(GW) detectors will exhibit unprecedented sensitivity in the
millihertz frequency band, greatly expanding the potential
for testing theories of gravity compared to ground-based GW
detectors. Inspired by effective string theory, Einstein-dilaton
Gauss–Bonnet (EdGB) gravity introduces an extra dilaton
scalar field that is directly coupled to higher curvature terms.
Here, we investigate the capability of Taiji to constrain the
parameters of EdGB gravity by analyzing GWs from mas-
sive black hole binaries (MBHBs). We utilize the parameter-
ized post-Einsteinian (ppE) waveform with the leading order
EdGB corrections for the inspiral phase of MBHBs. The con-
straints on the coupling constants are obtained by performing
Fisher matrix analysis. With different mass ratios and spins
χi at redshifts z = 2, 3, 4, 5, the 1σ bounds on the parameter
α have the same order of magnitude:

√
α ∼ 107 m.

1 Introduction

General relativity (GR), the most successful theory of gravity
today, has passed numerous tests [1]. In recent years, analyses
and investigations of data obtained from the GW detectors
have found no signs of contradictions with Einstein’s the-
ory [2–4].

Space-based GW missions in the millihertz band have the
potential to detect a large number of spatially distributed GW
signals, some of which may have large signal-to-noise ratios
(SNR) and some of which may last for long periods [5–7].

a e-mail: luoweilong21@mails.ucas.ac.cn
b e-mail: liuchang@yzu.edu.cn (corresponding author)
c e-mail: guozk@itp.ac.cn

This makes GW detection in the millihertz band important for
fundamental physics and cosmology [8–10]. Future space-
based detectors such as LISA, Taiji, and Tianqin may be able
to detect GW signals from MBHBs with a very high SNR,
providing an excellent opportunity to investigate the nature
of gravity.

Scalar Gauss–Bonnet gravity, extensively explored in the
literature, is a gravitational theory that goes beyond GR [11–
16]. In this theory, a dynamic scalar field is intricately cou-
pled to a Gauss–Bonnet invariant, which is constructed from
a specific combination of scalars with squared curvature. This
coupling is governed by a constant α with units of squared
length. Various theories can be obtained depending on the
specific type of coupling being considered. These include
the shift-symmetric theory (linear coupling) [17,18], EdGB
gravity [19–23], which inspired from string theory and infla-
tion [24–28], as well as theories that allow for spontaneous
scalarization of black holes and neutron stars (quadratic cou-
pling serves as an example) [29,30]. The propagation of GW
in Einstein–Gauss–Bonnet gravity was discussed in Ref. [31–
33].

The anticipated bounds on EdGB gravity have been inves-
tigated with the spaced-based detectors, including LISA and
Tanqin for inspiral signals [34,35], as well as Taiji for ring-
down signals [36]. In this paper, we explore the capability
of Taiji to constrain EdGB gravity using the inspiral sig-
nals from MBHBs. By employing the Fisher matrix analysis,
we determine the 90% credible upper limit for

√
α with the

−1PN correction in the GW phase. These bounds are found
to be consistent across different spin configurations.

The paper is organized as follows. In Sect. 2, we introduce
the ppE waveform for EdGB gravity. In Sect. 3, we outline
the methodologies employed and key assumptions made in
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our calculations. We present results and summary in Sects. 4
and 5. Throughout this paper, we adopt the convention of
setting the gravitational constant and speed of light equal to
unity (G = c = 1).

2 The parametrized post-Einsteinian waveform in
Einstein-dilaton Gauss–Bonnet gravity

First, we introduce EdGB theory of gravity in the framework
of scalar Gauss–Bonnet theory and explain its modification to
the gravitational waveform in comparison to GR. The action
of scalar Gauss–Bonnet theory can be written as [11–14]

S =
∫

d4x
√−g

(
R

16π
− 1

2
∂μϕ∂μϕ + α f (ϕ)R2

GB

)
+Sm,

(1)

where Sm represents the matter action, g denotes the deter-
minant of the metric gμν , R is the Ricci scalar, and ϕ denotes
the ‘dilaton’ scalar field. In this paper, we focus on the EdGB
gravity with f (ϕ) = eϕ/4 [19,37–39]. The parameter α

characterizes the coupling strength and has the dimensions
of length squared, R2

GB is the curvature-dependent Gauss-
Bonnet invariant:

R2
GB = Rμνρσ R

μνρσ − 4RμνR
μν + R2. (2)

To simplify the calculation, the small coupling approxima-
tion is adopted, where the contributions from EdGB theory
are treated as small perturbations on GR [40,41]. It is con-
venient to define a dimensionless coupling constant as

16πα2


4 � 1, (3)

where 
 represents the characteristic length scale of a given
system [42,43]. The inequality is valid in the small-coupling
regime.

In our analysis, we adopt the widely used ppE formalism
[44] to incorporate the EdGB corrections into the inspiral
stage of the GW signals from MBHBs and neglect the merge-
ringdown part of the signals for simplicity. Although signals
from the merger-ringdown phase will contribute consider-
able SNR, the duration is typically short. Our results here
will provide a conservative estimation of Taiji’s capability to
constrain EdGB gravity. At −1PN order, the corrections only
enter the phase of the waveform [45–47]. In the frequency
domain, the ppE waveform is given by [44]

h ppE ( f ) = hGR( f )eiβu
b
. (4)

Here u = πM f , M = Mη3/5 is the chirp mass, η =
m1m2/M2 is the symmetric mass ratio, m1 and m2 are the
component masses of the binary, M = m1 + m2 is the
total mass. For the GR part of the waveform hGR , we use
the IMRPhenomB waveform for non-precessing, spinning
MBHBs [48], with a Newtonian amplitude and averaged sky
direction. EdGB gravity is described under the ppE frame-
work by the following parameters[49]:

b = −7

3
, (5)

β = −5(m2
1s2 − m2

2s1)
2

7168η18/5M4
ζ, (6)

where ζ = 16πα2/M4. Here si=1,2 are the factors related to
the scalar charges of the black hole [50,51], which are given
by

si = 2
(

√
1 − χ2

i ) − 1 + χ2
i

χ2
i

. (7)

The normalized spin angular momentum [50]

χi = (Si · L̂i )/m
2
i , (8)

where Si is the spin angular momentum, L̂i is the orbital
angular momentum [52].

3 Method

In this study, we use the Fisher matrix [45,53–55] to cal-
culate constraints on the ppE parameter β and the EdGB
coupling constant

√
α. The Fisher matrix method holds

under the assumptions of large SNR and stationary Gaus-
sian noise [56]. Here we assume that the instrument noise
is Gaussian and stationary, as described by the theoretical
model [57,58]. The noise-weighted inner product between
two functions, A(t) and B(t) is defined as

(A|B) = 2
∫ fhigh

flow

Ã( f )B̃∗( f ) + Ã∗( f )B̃( f )

Sn( f )
d f, (9)

where Ã( f ) and B̃( f ) are the Fourier transforms of A(t) and
B(t), Sn( f ) is the sensitivity of Taiji. The sky-averaged SNR
ρ of the GW h can be expressed in terms of the inner product
as

ρ2 = (h̃|h̃) = 4
∫ fhigh

flow

|h̃( f )|2
Sn( f )

d f. (10)

In our analysis, we set the innermost stable circular orbit
frequency fisco of the system as the high-frequency cutoff
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fhigh :

fhigh = fisco = 1

63/2πM
. (11)

And the initial frequency is determined by the observation
time Tobs as [54]

flow = 4.149 × 10−5
( M

106M�

)−5/8 (
Tobs
1yr

)−3/8

Hz.

(12)

The GW signals from inspiraling MBHBs can last for several
months in mHz band [59]. Here we assume that the signals
will reach the frequency fisco after half a year of observa-
tions, which means Tobs = 0.5yr. The sky-averaged sensi-
tivity of space-based GW detectors can be written as [57]

Sn( f ) = 10

3L2

(
Pop + 2(1 + cos2( f/ f∗))

Pacc
(2π f )4

)

×
(

1 + 6

10

(
f

f∗

)2
)

. (13)

For Taiji, the arm length L = 3×109m, f∗ = 1/(2πL) is the
transfer frequency. The budget of the acceleration noise [58,
60]

Pacc = (3 × 10−15)2

(
1 +

(
0.4mHz

f

)2
)

m2 s−4 Hz−1.

(14)

The optical path noise of Taiji is

Pop = (8 × 10−12)2m2 Hz−1. (15)

Here, we neglect the impact of the confusion noise from the
galactic foreground [61,62]. It is a non-stationary noise and
does not have a significant impact on our results here. In
the limit of a large SNR, if the probability distribution of
parameter measurement errors follows a Gaussian distribu-
tion [45,53,56], the root-mean-square errors on the parame-
ter θi can be obtained by

�θi =
√

(�−1)i i , (16)

where the Fisher matrix

�i j =
(

∂h

∂θi

∣∣∣∣ ∂h

∂θ j

)
. (17)

In our analysis, the parameters of the waveform are

θ = {M, η, χ, tc, φc, β} , (18)

where δ = (m1 −m2)/M , χ = (1+δ)χ1/2+ (1−δ)χ2/2 is
the effective spin parameter of IMRPhenomB [48]. tc and φc

represent the time and phase at the coalescence, respectively.
These quantities can be set to 0 in a specific coordinate sys-
tem. For the fiducial values of the ppE parameters, β equals
zero, as in the case of GR, since it encodes the effects aris-
ing from EdGB gravity. The component masses of MBHBs
(m1,m2) = (2 × 105M�, 105M�), (3 × 105M�, 105M�)

and (4×105M�, 105M�) with different spins configurations
(χ1, χ2) at redshifts z = 2, 3, 4, 5.

4 Results

The following are our results. Assuming that GR is the cor-
rect theory, the standard deviation of each ppE parameter
obtained from the Fisher matrix analysis shows the ability of
Taiji to detect the specific modification introduced by EdGB.
In this paper, we include the leading −1PN order correction
in the phase of the waveform and only consider the inspi-
ral stage. Considering that the phase corrections are derived
within the context of the small coupling approximation. As
suggested in Ref. [63], for a binary system, the validity of
the approximation can be assessed:

16π
α2
EdGB

m4
s

� 1

2
, (19)

where ms is the smallest length scale of the system. In our
analysis, we choose m2 as the ms for MBHBs. Our results
satisfy the small coupling approximation.

Figure 1 shows the constraints on
√

α given by the Fisher
matrix and the small coupling limit. For the MBHB with
(m1,m2) = (2 × 105M�, 105M�) at redshift z = 2, the
constraints on the coupling constant �β for the three different

Fig. 1 Constraints on
√

α from MBHBs with spins χ1 = −χ2 at dif-
ferent redshifts z. The dashed gray curve shows the small coupling limit
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Fig. 2 The constraints on
√

α with the change in spins χ1 = χ2 and χ1 = −χ2 of the MBHBs with different mass ratios and m2 = 105M� at
redshift z = 2. The dashed gray curve shows the small coupling limit

spins (χ1, χ2) = (0.25,−0.25), (0.5,−0.5), (0.75,−0.75)

are of the same order: �β ∼ 10−8, which corresponds to√
α ∼ 107m. As the redshift increases, the uncertainty of the

parameter
√

α also increases accordingly.
Figure 2 shows the constraints on

√
α with different mass

ratios at redshift z = 2. In the case with χ1 = −χ2, the mea-
surement errors in

√
α tend to be larger as the spin increases.

But for χ1 = χ2, the constraints on
√

α do not change
monotonically with spin. It is worth noting that the bounds
obtained from the Fisher matrix analysis in this study satisfy
the small coupling approximation, indicating the reliability
of our results.

In previous studies [17,64], the authors estimated the
upper bound on the EdGB parameter �β with LISA, result-
ing in �β � 10−6, which leads to

√
α � 108m. There-

fore, Taiji can put slightly tighter constraints on EdGB grav-
ity compared to LISA. In addition, comparable results were
obtained by using the ringdown signals with space-based
detectors [36]. The distinction is that the authors used a
dimensionless parameter ζ = α

M2 to characterize the effects
from EdGB theory. The accuracy of parameter estimation �ζ

spans from 0.015 to 0.5, which is similar to our results here.
With Tianqin, the constraints on

√
α will be less than 109m

In Ref. [35], the authors investigated the constraints on ppE
parameters at different PN orders with Tianqin. Their find-
ings exhibit the same order of magnitude as our results at
−1PN order for MBHBs. Our results here are also consistent
with the case of multiband joint observations [34].

In comparison to the constraints obtained from the ground-
based detection, the results from LISA/Taiji are much
weaker [43,52,65]. This is because the parameter α is related
to the mass or scale of the binary system. Consequently, the
constraints on α will be tighter in the systems with smaller
scales [65,66].

5 Summary

In this paper we investigate the capability of Taiji to con-
strain the parameters of EdGB gravity by using the inspiral
GW signals generated by MBHBs. The signals are generated
from spinning MBHBs with different spins and mass ratios at
redshifts z = 2, 3, 4, 5. The observation time Tobs = 0.5yr.
The Fisher matrix is employed to estimate the measurement
errors of the phase parameters in the ppE waveform, includ-
ing the −1PN order corrections arising from EdGB gravity.
Our results show that the 1σ bounds on the parameter β is
10−7 ∼ 10−8 and the corresponding constraints on

√
α is

∼ 107m.
To simplify the analysis, we employ the sky-averaged

response function instead of the full detector response,
neglecting the foreground noise from our Milky Way. More-
over, we do not include the effects from the Time Delay Inter-
ferometry [67,68], a crucial technique for noise suppression
in space-based missions. The potential enhancement from
network observations [69] will also be left for future study.

Acknowledgements This work is supported in part by the National
Key Research and Development Program of China Grant No.
2020YFC2201501, in part by the National Natural Science Foundation
of China under Grant No. 12147132, No. 12075297 and No. 12235019.

Data Availability Statement This manuscript has no associated data
or the data will not be deposited. [Authors’ comment: Data sharing
not applicable to this article as no datasets were generated or analysed
during the current study.]

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material. If material is not

123



Eur. Phys. J. C (2024) 84 :394 Page 5 of 6 394

included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permit-
ted use, you will need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.
Funded by SCOAP3.

References

1. C.M. Will, The confrontation between general relativity and exper-
iment. Living Rev. Relativ. 17, 4 (2014)

2. B.P. Abbott et al., Tests of general relativity with the binary black
hole signals from the LIGO-Virgo Catalog GWTC-1. Phys. Rev. D
100(10), 104036 (2019)

3. R. Abbott et al., Tests of general relativity with binary black holes
from the second LIGO-Virgo gravitational-wave transient catalog.
Phys. Rev. D 103(12), 122002 (2021)

4. R. Abbott et al., Tests of General Relativity with GWTC-3. 12
(2021)

5. P. Amaro-Seoane et al., eLISA/NGO: astrophysics and cosmology
in the gravitational-wave millihertz regime. GW Notes 6, 4–110
(2013)

6. J. Baker et al., The Laser Interferometer Space Antenna: Unveiling
the Millihertz Gravitational Wave Sky, p. 7 (2019)

7. H. Yi-Ming, J. Mei, J. Luo, Science prospects for space-borne
gravitational-wave missions. Natl. Sci. Rev. 4(5), 683–684 (2017)

8. K.G. Arun et al., New horizons for fundamental physics with LISA.
Living Rev. Relativ. 25(1), 4 (2022)

9. P.A. Seoane et al., Astrophysics with the laser interferometer space
antenna. Living Rev. Relativ. 26(1), 2 (2023)

10. P. Auclair et al., Cosmology with the laser interferometer space
antenna. Living Rev. Relativ. 26(1), 5 (2023)

11. S. Nojiri, S.D. Odintsov, M. Sasaki, Gauss–Bonnet dark energy.
Phys. Rev. D 71, 123509 (2005)

12. K. Yagi, A new constraint on scalar Gauss–Bonnet gravity and a
possible explanation for the excess of the orbital decay rate in a
low-mass X-ray binary. Phys. Rev. D 86, 081504 (2012)

13. G. Antoniou, A. Bakopoulos, P. Kanti, Black-hole solutions with
scalar hair in Einstein-Scalar-Gauss–Bonnet theories. Phys. Rev.
D 97(8), 084037 (2018)

14. G. Antoniou, A. Bakopoulos, P. Kanti, Evasion of no-hair theorems
and novel black-hole solutions in Gauss–Bonnet theories. Phys.
Rev. Lett. 120(13), 131102 (2018)

15. S. Nojiri, S.D. Odintsov, Unified cosmic history in modified grav-
ity: from F(R) theory to Lorentz non-invariant models. Phys. Rep.
505, 59–144 (2011)

16. S. Nojiri, S.D. Odintsov, V.K. Oikonomou, Modified gravity theo-
ries on a nutshell: inflation, bounce and late-time evolution. Phys.
Rep. 692, 1–104 (2017)

17. K. Yagi, L.C. Stein, N. Yunes, T. Tanaka, Post-Newtonian, quasi-
circular binary inspirals in quadratic modified gravity. Phys. Rev.
D 85, 064022 (2012). [Erratum: Phys. Rev. D 93, 029902 (2016)]

18. E. Barausse, K. Yagi, Gravitation-wave emission in shift-
symmetric Horndeski theories. Phys. Rev. Lett. 115(21), 211105
(2015)

19. P. Kanti, N.E. Mavromatos, J. Rizos, K. Tamvakis, E. Winstanley,
Dilatonic black holes in higher curvature string gravity. Phys. Rev.
D 54, 5049–5058 (1996)

20. T. Torii, H. Yajima, K. Maeda, Dilatonic black holes with Gauss–
Bonnet term. Phys. Rev. D 55, 739–753 (1997)

21. Z.-K. Guo, N. Ohta, T. Torii, Black holes in the dilatonic Einstein–
Gauss–Bonnet theory in various dimensions. I. Asymptotically flat
black holes. Prog. Theor. Phys. 120, 581–607 (2008)

22. K. Maeda, N. Ohta, Y. Sasagawa, Black hole solutions in string
theory with Gauss–Bonnet curvature correction. Phys. Rev. D 80,
104032 (2009)

23. M. Herrero-Valea, The shape of scalar Gauss–Bonnet gravity. JHEP
03, 075 (2022)

24. S.D. Odintsov, V.K. Oikonomou, F.P. Fronimos, Rectifying
Einstein–Gauss–Bonnet inflation in view of GW170817. Nucl.
Phys. B 958, 115135 (2020)

25. V.K. Oikonomou, A refined Einstein–Gauss–Bonnet inflationary
theoretical framework. Class. Quantum Gravity 38(19), 195025
(2021)

26. S.D. Odintsov, V.K. Oikonomou, F.P. Fronimos, Non-minimally
coupled Einstein–Gauss–Bonnet inflation phenomenology in view
of GW170817. Ann. Phys. 420, 168250 (2020)

27. S.D. Odintsov, V.K. Oikonomou, I. Giannakoudi, F.P. Fronimos,
E.C. Lymperiadou, Recent advances in inflation. Symmetry 15(9),
1701 (2023)

28. S.D. Odintsov, T. Paul, From inflation to reheating and their dynam-
ical stability analysis in Gauss–Bonnet gravity. Phys. Dark Univ.
42, 101263 (2023)

29. D.D. Doneva, S.S. Yazadjiev, New Gauss–Bonnet black holes with
curvature-induced scalarization in extended scalar-tensor theories.
Phys. Rev. Lett. 120(13), 131103 (2018)

30. D.D. Doneva, S.S. Yazadjiev, Neutron star solutions with curvature
induced scalarization in the extended Gauss–Bonnet scalar-tensor
theories. JCAP 04, 011 (2018)

31. S. Nojiri, S. D. Odintsov, V. K. Oikonomou. Propagation of gravi-
tational waves in Einstein–Gauss–Bonnet gravity for cosmological
and spherically symmetric spacetimes, p. 11 (2023)

32. S. Nojiri, D. Sergei Odintsov, Propagation speed of gravitational
wave in scalar-Einstein–Gauss–Bonnet gravity. Nucl. Phys. B 998,
116423 (2024)

33. E. Elizalde, S. Nojiri, S.D. Odintsov, V.K. Oikonomou, Propagation
of gravitational waves in a dynamical wormhole background for
two-scalar Einstein–Gauss–Bonnet theory, p. 12 (2023)

34. G. Gnocchi, A. Maselli, T. Abdelsalhin, N. Giacobbo, M. Mapelli,
Bounding alternative theories of gravity with multiband GW obser-
vations. Phys. Rev. D 100(6), 064024 (2019)

35. C. Shi, M. Ji, J. Zhang, J. Mei, Testing general relativity with Tian-
Qin: the prospect of using the inspiral signals of black hole binaries.
Phys. Rev. D 108(2), 024030 (2023)

36. Y.H. Cai-Ying Shao, C.-G. Shao, Parameter estimation for
Einstein-dilaton-Gauss–Bonnet gravity with ringdown signals.
Chin. Phys. C 47(10), 105101 (2023)

37. F. Moura, R. Schiappa, Higher-derivative corrected black holes:
perturbative stability and absorption cross-section in heterotic
string theory. Class. Quantum Gravity 24, 361–386 (2007)

38. P. Pani, V. Cardoso, Are black holes in alternative theories serious
astrophysical candidates? The case for Einstein-Dilaton-Gauss–
Bonnet black holes. Phys. Rev. D 79, 084031 (2009)

39. J.L. Ripley, F. Pretorius, Gravitational collapse in Einstein dilaton-
Gauss–Bonnet gravity. Class. Quantum Gravity 36(13), 134001
(2019)

40. S. Mignemi, N.R. Stewart, Charged black holes in effective string
theory. Phys. Rev. D 47, 5259–5269 (1993)

41. P. Pani, C.F.B. Macedo, L.C.B. Crispino, V. Cardoso, Slowly rotat-
ing black holes in alternative theories of gravity. Phys. Rev. D 84,
087501 (2011)

42. K. Yagi, L.C. Stein, N. Yunes, Challenging the presence of scalar
charge and dipolar radiation in binary pulsars. Phys. Rev. D 93(2),
024010 (2016)

43. Z. Lyu, N. Jiang, K. Yagi, Constraints on Einstein-dilation-Gauss-
Bonnet gravity from black hole-neutron star gravitational wave
events. Phys. Rev. D 105(6), 064001 (2022) [ Erratum: Phys. Rev.
D 106, 069901(E) (2022)]

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


394 Page 6 of 6 Eur. Phys. J. C (2024) 84 :394

44. N. Yunes, F. Pretorius, Fundamental theoretical bias in gravita-
tional wave astrophysics and the parameterized post-Einsteinian
framework. Phys. Rev. D 80, 122003 (2009)

45. C. Cutler, E.E. Flanagan, Gravitational waves from merging com-
pact binaries: how accurately can one extract the binary’s param-
eters from the inspiral wave form? Phys. Rev. D 49, 2658–2697
(1994)

46. A. Buonanno, B. Iyer, E. Ochsner, Y. Pan, B.S. Sathyaprakash,
Comparison of post-Newtonian templates for compact binary inspi-
ral signals in gravitational-wave detectors. Phys. Rev. D 80, 084043
(2009)

47. E. Barausse, N. Yunes, K. Chamberlain, Theory-agnostic
constraints on black-hole dipole radiation with multiband
gravitational-wave astrophysics. Phys. Rev. Lett. 116(24), 241104
(2016)

48. P. Ajith et al., Inspiral-merger-ringdown waveforms for black-hole
binaries with non-precessing spins. Phys. Rev. Lett. 106, 241101
(2011)

49. N. Yunes, X. Siemens, Gravitational-wave tests of general relativity
with ground-based detectors and pulsar timing-arrays. Living Rev.
Relativ. 16, 9 (2013)

50. N. Yunes, K. Yagi, F. Pretorius, Theoretical physics implications of
the binary black-hole mergers GW150914 and GW151226. Phys.
Rev. D 94(8), 084002 (2016)

51. E. Berti, K. Yagi, N. Yunes, Extreme gravity tests with gravitational
waves from compact binary coalescences: (I) inspiral-merger. Gen.
Relativ. Gravit. 50(4), 46 (2018)

52. H.-T. Wang, S.-P. Tang, P.-C. Li, M.-Z. Han, Y.-Z. Fan,
Tight constraints on Einstein-dilation-Gauss–Bonnet gravity from
GW190412 and GW190814. Phys. Rev. D 104(2), 024015 (2021)

53. E. Poisson, C.M. Will, Gravitational waves from inspiraling com-
pact binaries: parameter estimation using second post-Newtonian
wave forms. Phys. Rev. D 52, 848–855 (1995)

54. E. Berti, A. Buonanno, C.M. Will, Estimating spinning binary
parameters and testing alternative theories of gravity with LISA.
Phys. Rev. D 71, 084025 (2005)

55. K. Yagi, T. Tanaka, Constraining alternative theories of gravity
by gravitational waves from precessing eccentric compact binaries
with LISA. Phys. Rev. D 81, 064008 (2010) [Erratum: Phys. Rev.
D 81, 109902 (2010)]

56. M. Vallisneri, Use and abuse of the Fisher information matrix in the
assessment of gravitational-wave parameter-estimation prospects.
Phys. Rev. D 77, 042001 (2008)

57. T. Robson, N.J. Cornish, C. Liu, The construction and use of LISA
sensitivity curves. Class. Quantum Gravity 36(10), 105011 (2019)

58. W.-H. Ruan, Z.-K. Guo, R.-G. Cai, Y.-Z. Zhang, Taiji program:
gravitational-wave sources. Int. J. Mod. Phys. A 35(17), 2050075
(2020)

59. P. Amaro-Seoane et al. Laser interferometer space antenna, p. 2
(2017)

60. Z. Luo, Z.K. Guo, G. Jin, W. Yueliang, H. Wenrui, A brief analysis
to Taiji: science and technology. Results Phys. 16, 102918 (2020)

61. N. Karnesis, S. Babak, M. Pieroni, N. Cornish, T. Littenberg,
Characterization of the stochastic signal originating from compact
binary populations as measured by LISA. Phys. Rev. D 104(4),
043019 (2021)

62. C. Liu, W.-H. Ruan, Z.-K. Guo, Confusion noise from Galactic
binaries for Taiji. Phys. Rev. D 107(6), 064021 (2023)

63. S.E. Perkins, R. Nair, H.O. Silva, N. Yunes, Improved gravitational-
wave constraints on higher-order curvature theories of gravity.
Phys. Rev. D 104(2), 024060 (2021)

64. N. Cornish, L. Sampson, N. Yunes, F. Pretorius, Gravitational wave
tests of general relativity with the parameterized post-Einsteinian
framework. Phys. Rev. D 84, 062003 (2011)

65. B. Wang, C. Shi, J. Zhang, Y.-M. Hu, J. Mei, Constraining the
Einstein-dilaton-Gauss–Bonnet theory with higher harmonics and
the merger-ringdown contribution using GWTC-3. Phys. Rev. D
108(4), 044061 (2023)

66. E. Berti et al., Testing general relativity with present and future
astrophysical observations. Class. Quantum Gravity 32, 243001
(2015)

67. M. Tinto, S.V. Dhurandhar, Time-delay interferometry. Living Rev.
Relativ. 24(1), 1 (2021)

68. G. Wang, W.-T. Ni, Numerical simulation of time delay interfer-
ometry for TAIJI and new LISA. Res. Astron. Astrophys. 19(4),
058 (2019)

69. R.-G. Cai, Z.-K. Guo, B. Hu, C. Liu, Y. Lu, W.-T. Ni, W.-H.
Ruan, N. Seto, G. Wang, Y.-L. Wu, On networks of space-based
gravitational-wave detectors, p. 5 (2023)

123


	Constraints on Einstein-dilaton Gauss-Bonnet gravity with Taiji
	Abstract 
	1 Introduction
	2 The parametrized post-Einsteinian waveform in Einstein-dilaton Gauss–Bonnet gravity
	3 Method
	4 Results
	5 Summary
	Acknowledgements
	References




