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Direct detections of gravitational waves offer a unique opportunity to test gravity in the highly dynamical
and strong field regime. Current tests are typically performed assuming signals from quasi-circular binaries.
However, the complex waveform morphology induced by orbital eccentricity can enhance our ability to probe
gravity with greater precision. A recent analysis of the neutron star–black hole event GW200105 identified strong
evidence for orbital eccentricity. We extend an eccentric-precessing waveform model to test alternative models
with this signal by incorporating eccentric corrections induced by Brans-Dicke, Einstein-dilaton-Gauss-Bonnet,
and dynamical Chern-Simons gravity at leading post-Newtonian order. We show that analyzing this event with a
quasi-circular model leads to a false deviation from general relativity, while the inclusion of eccentricity improves
the bounds on the models. Our analysis of GW200105 places tight constraints on Einstein-dilaton-Gauss-Bonnet
gravity, α1/2

EdGB ≲ 2.38 km, and Brans-Dicke gravity, ωBD ≳ 3.5, while dynamical Chern-Simons gravity remains
unconstrained due to the low spin content.

INTRODUCTION

The detection of gravitational waves (GWs) from compact
binary coalescences by Advanced LIGO [1] and Advanced
Virgo [2] has opened up a new laboratory for testing gen-
eral relativity (GR) [3–7]. This includes exploring the two-
body dynamics in strong gravitational fields with velocities
approaching the speed of light [8–13], the nature of compact
objects [14–21], the properties of GW propagation [22–24],
and the presence of extra dimensions [4, 25–28]. Experimen-
tal tests of GR not only allow us to strengthen its fundamental
principles but also constrain or potentially rule out alternative
theories. As we observe different types of sources, our ability
to probe modified gravity theories will be improved since the
sensitivity of the tests strongly depends on the binary proper-
ties.

In particular, inspiralling eccentric compact binaries are a
powerful source for testing GR. Since we expect that most of
the eccenticity is radiated away when the signal enters the fre-
quency band of the second generation detectors, most of the
current tests of GR are performed assuming a quasi-circular
binary [3–6, 29–33]. However, several astrophysical forma-
tion channels, such as dynamical interactions in dense stellar
environments [34–37], gravitational wave captures in galactic
nuclei [38–40], and secular effects like Kozai-Lidov oscilla-
tions in hierarchical triples [41–44], can produce measurable
residual eccentricity even when the binary components are at
small separations. Several studies have searched for resid-
ual eccentricity in LIGO-Virgo-KAGRA (LVK) events [45–
51]. Notably, a recent analysis of the neutron star–black
hole (NSBH) event GW200105_162426 [52, 53] (hereafter
GW200105), using an eccentric-precessing waveform model
pyEFPE [54], found strong evidence of orbital eccentricity and

∗ soumen.roy@uclouvain.be

δϕ̂−2

−2

0

×10−3

-1PN

δϕ̂1

0

2

0.5PN

δϕ̂4

−5

0

5
2PN

δϕ̂6

−5

0

3PN

GW200105: TIGER Injection: TIGER

FIG. 1. GW200105 results from a inspiral parametrized test of
GR using TIGER with the IMRPhenomXPHM model, showing the
marginalized posterior distributions of the parametrized deviation in
the PN coefficients. We compare the results with a GW200105-
like eccentric-precessing injection and recovery with TIGER and the
same set up. The horizontal ticks shows the 90% credible interval of
the posterior. The GR value is marked by grey dashed line. The full
results are shown in Fig. 4.

inferred a median eccentricity at a GW frequency of 20Hz of
e20 ∼ 0.145 [55]. This finding was further validated by an in-
dependent analysis using the IMRPhenomTEHM model [56,
57].

The presence of measurable eccentricity can turn on the
emission of GW radiation not only at twice the orbital fre-
quency (as in circular binaries) but at a whole spectrum of inte-
ger multiples of the orbital frequency [58]. As the eccentricity
increases, the number of contributing higher harmonics also
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grows, and contributions of these harmonics to the waveform
become stronger. Consequently, the complex waveform mor-
phology induced by eccentricity enhances our ability to probe
gravity with greater precision [59, 60]. On the other hand,
neglecting orbital eccentricity into the waveform model when
conducting GR deviation tests can lead to false positives [61–
64].

We show that this behavior also seems to be present
for GW200105. Fig. 1 shows the marginalized posterior
distributions of the parameterized deviation in the inspi-
ral post-Newtonian (PN) coefficients obtained by analyz-
ing the GW200105 event. These results are obtained us-
ing the Test Infrastructure for General Relativity (TIGER)
framework [12, 65–68] with a quasi-circular waveform model
IMRPhenomXPHM [69–71]. The GR value lies outside
the 90% credible interval except at 1PN and 1.5PN (see
Supplemental Material). We compare these results with a
GW200105-like eccentric-precessing injection and recovery
with the same TIGER model. The GR value lies outside the
90% credible region for all PN coefficients except at 1.5PN.
The posteriors obtained from both cases show consistent di-
rectional shifts with respect to the GR value across all PN or-
ders. This behaviour indicates that the apparent deviation may
arise from the consequence of unmodelled eccentricity in the
TIGER baseline waveform, rather than a true violation of GR.

MODIFIED GRAVITY THEORIES

To leverage the full richness of the eccentric signal
GW201005, we test the modified gravity theories includ-
ing eccentric correction into the eccentric-precessing model
pyEFPE [54, 72]. We consider three theories: Brans-Dicke
(BD), Einstein-dilaton-Gauss-Bonnet (EdGB) and dynamical
Chern-Simons (dCS) gravity. All of these allow for a dy-
namical scalar field but coupled differently. The scalar field
in EdGB and dCS theories result in a violation of the strong
equivalence principle.

We begin by writing the vacuum Lagrangian densities for
the BD, EdGB, and dCS theories, respectively [73]:

LBD = κgϑBDR −
ωBD

ϑBD
(∇ϑBD)2 (1)

LEdGB = κgR −
1
2

(∇ϑEdGB)2 + αEdGBϑEdGBR
2
GB (2)

LdCS = κgR −
βdCS

2
(∇ϑdCS)2 +

αdCS

4
ϑdCS

∗RR (3)

Here, κg = (16π)−1 and R = gµνRµν is the Ricci scalar, where
gµν and Rµν are the metric and Ricci Tensor, respectively. The
quantityR2

GB = RµνρσRµνρσ − 4RµνRµν + R2 denotes the Gauss-
Bonnet term, where Rµναβ is the Riemann tensor. The Pon-
tryagin density is defined as ∗RR = 1

2 ϵ
µνρσRρσαβR

αβ
µν, where

ϵµνρσ denotes the Levi-Civitá tensor. In BD theory, the scalar
field (ϑBD) couples directly to the Ricci scalar and acts like as

inverse gravitational coupling. The coupling constant ωBD is
dimensionless by construction. In contrast, in both EdGB and
dCS theories, quadratic curvature scalars couple to a massless
scalar field ( ϑEdGB and ϑdCS) via coupling constants αEdGB and
αdCS, each with dimensions of length2. The second term in all
the above equations represents the kinetic term of the scalar
field. A non-zero kinetic term ensures that the scalar field is
dynamical, though its physical implications differ significantly
depending on the nature of the scalar–curvature coupling. The
dCS gravity has an additional dimensionless coupling constant
βdCS, we often set βdCS = 1 because it can be absorbed into ϑdCS

and αdCS by scaling.
For convenience, we typically define dimensionless defor-

mation parameters to understand the level of deviation from
GR. In BD theory, we define a sensitivity (sA) of a com-
pact object with mass mA that quantifies the object’s iner-
tial response to a change in the local gravitational constant,
sA ≡ −∂ ln mA/∂ ln G [74, 75]. For BH, sBH = 0.5 due to
the no-hair theorem. For NS, sNS typically varies between
0.1 and 0.2 depending on the equation of state [76], we con-
sider sNS = 0.15 in this analysis. For EdGB and dCS theories,
we generally define a parameter ζEdGB, dCS ≡ α

2
EdGB, dCS/(κgm

4),
where m is the typical mass scale of the system. To en-
sure GR is the leading-order theory, the modification length
scale must be smaller than the size of the compact object,
ζEdGB, dCS < 1 =⇒ α1/2

EdGB, dCS < m. We work within the shift-
symmetric limit of EdGB gravity, where neutron stars do not
source scalar charge and effectively yield ζEdGB = 0 in the small
coupling regime [77, 78].

Because of several theoretical motivations, these three
theories have been tested in various ways, including us-
ing GW signals observed by LVK. In BD gravity, the GR
limit is recovered in the limit ωBD → ∞. The first
stringent constraint was obtained from solar-system tests
with Cassini spacecraft, which sets the bound ωBD ≳
40, 000 [79]. This is done by measuring the Shapiro time-
delay of radio waves passing near the Sun. Beside the
Cassini space probe, BD gravity has been strongly con-
strained from several other observations: ωBD ≳ 7 600 with lu-
nar laser ranging1, ωBD ≳ 20 000 with PSR J1738+0333 [81],
ωBD ≳ 140 000 with PSR J0337+1715 [82], ωBD ≳ 35 000
with BepiColombo [83], and ωBD ≳ 110 obtained by comb-
ing two low mass LVK events assuming them to be NSBH
binaries [84]. For EdGB gravity, the tightest constraint
is obtained from the recent LVK event GW230529 [85],
which sets the bound α1/2

EdGB ≲ 0.28km [78, 86]. Ear-
lier studies with LVK events also found strong bounds on
EdGB gravity, α1/2

EdGB ≲ 5.6km from GWTC-1 events [87],
α1/2

EdGB ≲ 1.7km by combining 6 selected BBH events from

1 From lunar laser ranging experiments, the Nordtvedt parameter has been
constrained to ηN = (−0.2 ± 1.1) × 10−4 [80]. In the weak-field limit of
Brans–Dicke gravity, this corresponds to ηN = 1/(2 + ωBD) [75].
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GWTC-1 and GWTC-2 [88], and α1/2
EdGB ≲ 1.18km by com-

bining three low mass events reported in GWTC-3 [77]. Be-
sides the GW observations, EdGB gravity beyond the shift-
symmetric subclass is constrained by binary pulsar observa-
tions, α1/2

EdGB ≲ 1.13—2.26km, assuming neutron stars carry
scalar monopole charge [89]. Another study using the or-
bital decay of the low-mass X-ray binary A0620–00 derived
a stringent bound on EdGB gravity, α1/2

EdGB ≲ 1.9km [90]. Re-
cent multi-messenger observations have also begun to con-
strain dCS gravity. By combining X-ray pulse-profile mod-
eling of PSR J0030+0451 from NICER with tidal deformabil-
ity measurements from GW170817 [91], sets upper bound of
α1/2

dCS ≲ 8.5km [92]. In contrast, solar system experiments–
such as LARES, LAGEOS, and Gravity Probe B–investigate
frame-dragging effects but yield only weak bounds due to
the low-curvature environment [93–97]. A theoretical limit
of α1/2

dCS ≲ 22km was inferred by demanding the validity
of the small-coupling approximation for the rapidly spinning
black hole GRO J1655-40, though this is not observationally
derived [98]. Other potential probes, including binary pul-
sars [99, 100], GW detections [87, 88, 101, 102], and black
hole shadow measurements [103, 104], have so far produced
only weak or uninformative constraints.

MODIFIED GW SIGNALS FROM ECCENTRIC BINARY

Gravitational radiation from compact binaries carries away
energy and angular momentum, which drives the system to-
ward merger. Unlike the quasi-circular binary, we describe
the dynamics of an eccentric binary using the quasi-Keplerian
(QK) framework [105, 106], where we describe the motion in a
parametric form similar to Kepler’s approach, but expanded to
incorporate PN corrections for periastron precession and later
on higher PN corrections [107–110]. To evolve the dynamics,
we typically compute the energy and angular momentum loss
due to gravitational radiation, update the orbital elements, and
solve the QK equations parametrically over time [111–116].

In this work, we follow the prescription laid out in pyEFPE
by incorporating leading-order beyond-GR corrections into
the evolution equations for the orbital dynamics. The pyEFPE
model is constructed within the Efficient Fully Precessing Ec-
centric (EFPE) waveform paradigm [54, 117, 118], where
the orbital motion is described using the PN formalism and
QK parametrization. The spin precession is captured through
multiple-scale analysis [119–122], assuming spins and orbital
angular momentum evolve slowly.

In this eccentric-precessing model, the core dissipative or-
bital dynamics is governed by a set of coupled ordinary differ-

ential equations:

Dy = ηy9
6∑

n=0

an

(
y, e2, L̂,χ1,χ2

)
yn, (4a)

De2 = −ηy8
6∑

n=0

bn

(
y, e2, L̂,χ1,χ2

)
yn, (4b)

Dλ = y3, (4c)

Dδλ =
ky3

1 + k
, k = y2

6∑
n=0

kn

(
y, e2, L̂,χ1,χ2

)
yn, (4d)

where y = (Mω)1/3/
√

(1 − e2) denotes the PN expansion
parameter, e denotes the orbital eccentricity, λ mean orbital
phase, δλ denotes the argument of periastron, k is the perias-
tron advance, and ω mean orbital frequency. The quantities
M = m1 + m2 and η = m1m2/M2 are the total mass and sym-
metric mass ratio of the binary, where mi is component masses.
The quantities χi are spins, and L is the Newtonian angular
momentum. The differential operator D = M/(1 − e2)3/2 d

dt is
related to the derivative with respect to the mean orbital phase.

Modified gravity theories often predict corrections to the
rate of change of the orbital energy (E) and angular momentum
(L), which in turn change the orbital dynamics and the GWs
emitted. We incorporate the leading PN order in the beyond-
GR corrections, while retaining the 3PN accuracy in the GR
sector of our eccentric model. These leading-order corrections
enter only in the differential equations for Dy and De2, leav-
ing the remaining terms in Eq.(4) unchanged. We apply the
energy and angular momentum balance equations [123–125],
expressing E and L in terms of y and e. These losses are then
translated into differential equations forDy andDe2.

In both the EdGB and BD theories, the leading-order cor-
rections toDy andDe2 enter at the same PN order, hence the
correction terms can be written in a common form [59, 60],

DyBD, EdGB = KBD, EdGB
η

15
y7 (5a)

De2
BD, EdGB = −KBD, EdGB

η

5
e2 y6, (5b)

where KBD = 10 (s1 − s2)2/ωBD and KEdGB = 5
(
ζ1/2

1 − ζ1/2
2

)2
,

with the quantities s1,2 and ζ1,2 defined previously.
In contrast to BD and EdGB gravity, compact objects in dCS

gravity do not carry monopolar scalar charges. As a result,
spin-aligned binary black holes or binary neutron stars do not
emit scalar dipole radiation [126, 127]. Leading-order correc-
tions to the dynamics enter at higher post-Newtonian orders,
arising from spin-spin coupling and monopole-quadrupole
coupling. The correction induced by dCS gravity to the en-
ergy and angular momentum will accelerate the orbital decay
and deaccelerate circularization [128, 129], the corresponding
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FIG. 2. Posterior probability of α1/2
EdGB (left panel) and ωBD (right panel) obtained for GW200105 using eccentric (blue) and quasi-circular

(orange) waveform models. The dashed-dot lines in left and right panels indicate the 90% upper bound on the α1/2
EdGB and lower bound on ωBD,

respectively. We compare the results with a GW200105-like eccentric injection recovered with a quasi-circular model (green).

corrections toDy andDe2 are

DydCS = y
13η

[(
5

768
+

5
256

e2 +
5

2048
e4

)
∆2

+

(
64
3
+

344
9

e2 +
44
9

e4
)
δϖ

]
(6a)

De2
dCS = −y

12η e2
[(

25
256
+

75
512

e2 +
25

2048
e4

)
∆2

+

(
6736
45
+

7256
45

e2 +
572
45

e4
)
δϖ

]
, (6b)

where δϖ and ∆2 are the correction coefficients,

δϖ ≡ ζdCS

 75
256η

χ1zχ2z −
603
3584

 M2

m2
1

χ2
1z +

M2

m2
2

χ2
2z

 (7a)

∆2 ≡ ζdCS

−2
η
χ1zχ2z +

 M2

m2
1

χ2
1z +

M2

m2
2

χ2
2z

 , (7b)

where χiz is the spin component of the ith object along the or-
bital angular momentum vector. The leading dCS correction
enters at 2PN order relative to the GR term, scales linearly
with the spin of the binary components, and the contribution
enhances as the orbital eccentricity increases. As the scalar
field in dCS is sourced by the spin, it plays a crucial role. In
particular, anti-parallel spins result in the most significant dCS
contribution, even if such a scenario could lead to a close-to-
zero effective spin.

CONSTRAINING ALTERNATIVE GRAVITY THEORIES
WITH GW200105

We carry out a Bayesian parameter estimation analysis to
measure the coupling constants in modified gravity theories
and impose bounds on those theories. We analyze the publicly
available strain data for the GW200105 event, released with the
GWTC-3 catalog by LVK [53, 130]. This event was observed
by two detectors: LIGO Livingston [131] and Virgo [132],
while LIGO Hanford was not operational at the time. Light-
scattering noise was identified in L1 data below 25Hz, and the
strain data was cleaned through a glitch-subtraction procedure.
Additionally, the Virgo data affected by systematic calibration
errors in the frequency window 46–51Hz was excluded in the
LVK analysis by masking the power spectral density in that
range. Following Ref. [55], we compute the PSD weighted
likelihood in a frequency range 20–280Hz. The highest cut-
off frequency corresponds to the dominant mode frequency at
minimum energy circular orbit, obtained from the high-spin
IMRPhenomXPHM samples provided by LVK. This choice
was made since pyEFPE models only the inspiral part of the
waveform.

We perform Bayesian inference using the Parallel Bilby
library based on the Bilby package [133–135], with the nested
sampling algorithm Dynesty [136, 137]. We use 1500 live
points, sample method acceptance-walk, and an acceptance
rate naccept=60 2.

2 The details about the Dynesty sampler guidance is available at https:
//bilby-dev.github.io/bilby/dynesty-guide.html.

https://bilby-dev.github.io/bilby/dynesty-guide.html
https://bilby-dev.github.io/bilby/dynesty-guide.html
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compare the results with a GW200105-like eccentric injection and
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We adopt the same prior configuration as used in [55],
with uniform priors on the eccentricity and mean anomaly:
e20 ∼ U(0, 0.4) and lref ∼ U(0, 2π). Throughout the analy-
sis, we treat the event as an NSBH merger, applying uniform
spin priors with a maximum spin magnitude of 0.99 for the
black hole and 0.05 for the neutron star. However, our model
does not account for the tidal deformability of the neutron star
companion, which is expected to only weakly impact the wave-
form. The priors on the remaining GR parameters follow those
used in the LVK analysis of the event. For beyond GR parame-
ters in EdGB and dCS gravity, we assume uniform priors on the
square root of the coupling constants: α1/2

EdGB ∼ U(0, 14.1)km
and α1/2

dCS ∼ U(0, 31.6)km. In the case of BD gravity, where
deviations are parameterized by ξ ≡ 1/(ωBD + 2), we choose
a uniform prior ξ ∼ U(0, 0.5) [84]. This prior spans both
extreme departure from GR (ωBD → 0) and the GR limit
(ωBD → ∞).

Fig. 2 shows the one dimensional posterior distribution of
the beyond-GR coupling parameters α1/2

EdGB and ωBD obtained
for GW200105 using an eccentric-precessing and a quasi-
circular model, shown in blue and orange, respectively. The
90% constraints are shown as vertical lines. In the left panel,
the α1/2

EdGB posterior for the eccentric model is consistent with
the GR value, while neglecting eccentricity bias the inferred
posterior away from GR value. We find the 90% upper bound
on α1/2

EdGB as α1/2
EdGB ≲ 2.38km and α1/2

EdGB ≲ 5.4km for eccentric
and quasi-circular models, respectively. The inclusion of ec-
centricity in the analyzing waveform model not only mitigates
the biases, but also improves the bound by a factor of ∼ 2.3.

Similar behaviour of biases and improvement are present

for the ωBD posterior as shown in the right panel of Fig. 2. We
find the 90% lower bound of ωBD to be ωBD ≳ 3.48 and ωBD ≳
1.78 using eccentric and quasi-circular models, respectively,
which implies an improvement by a factor of∼ 2. The location
of the peaks and the posterior distributions seems indicating
violation as there is no support at GR limit ωBD → ∞. This is
a prior induced artifact; the prior on ωBD falls rapidly as ωBD

increases, with P(ωBD > 10n) < 1/(10n + 2). We also do the
analysis with a log-uniform prior, leading to a flat posterior for
ωBD ≳ 100, which is in agreement with no GR violation.

As a consistency check for our new findings are prompted
by eccentricity, we perform injection analyses using a
GW200105-like eccentric waveform generated from the best-
fit GR template obtained with pyEFPE. We recover the sig-
nal using a non-GR quasi-circular model by setting the ec-
centricity to zero in pyEFPE. The signal is simulated as-
suming a zero-noise realization and weighted by the event
PSDs [53, 130]. For the L1–V1 network, the injection op-
timal SNR is ∼ 13. The blue shaded distributions in Fig. 2
shows the posteriors of the coupling parameters for this injec-
tion analysis. For both the EdGB and BD cases, the posteriors
are consistent with the real event analyses with quasi-circular
model. This behaviour indicates that the apparent deviation
arises from the consequence of unmodelled eccentricity in the
baseline waveform of beyond-GR analyses, rather than a true
violation of GR.

For dCS, the outcome differs significantly, where neither im-
provement or bias is present, as shown in Fig. 3. The α1/2

dCS pos-
teriors for both eccentric and non-eccentric models are con-
sistent with each other, and the 90% bounds are almost the
same, with α1/2

dCS ≲ 42km. As the deviation from GR due to
dCS correction is sourced by the spin, an uninformative bound
is expected for a non-spinning system. The 90% confidence
interval for the BH spin component found with the eccentric
model under the GR hypothesis is χ1z = 0.0+0.07

−0.07, which results
in a nominal beyond-GR correction to the waveform even for
a larger value of αdCS. Thereby, the posterior of α1/2

dCS remains
unchanged even if the baseline waveform is for circular orbits,
also seen with zero-noise eccentric injection recovery with a
circular model.

CONCLUSION

For the first time, we have conducted a Bayesian analysis to
test modified gravity theories using the GW signal from an ec-
centric binary merger, GW200105. By incorporating leading-
order modifications of gravity into an eccentric-precessing
waveform model, we are able to perform a more precise test of
gravitational dynamics. The presence of orbital eccentricity
activates several higher harmonics, resulting in a more com-
plex waveform structure. Neglecting orbital eccentricity in
waveform models used to test GR can lead to incorrect con-
clusions of deviation from GR. In contrast, modeling the ec-
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centricity allowed us to obtain significantly tighter constraints.
For EdGB and BD gravity theories, we derive improved bounds
of α1/2

EdGB ≲ 2.38km and ωBD ≳ 3.5, which correspond to im-
provement factors of ∼ 2.3 and 2, respectively. We found no
significant constraints or bias for dCS gravity, which remains
effectively unconstrained due to the low spins of the system.

When analyzing the GW200105 signal using the TIGER
framework with a quasi-circular model, we find that the GR
value lies outside the 90% credible interval for several PN
terms, with some even falling beyond the 99% interval. We
also perform a TIGER analysis by injecting a GW200105-like
eccentric signal. The posteriors of the testing parameters from
these injection analyses demonstrate consistent behavior with
those from the real-event analysis, which corroborates the in-
terpretation that the apparent deviations are driven by unmod-
eled orbital eccentricity. This highlights a potential concern
for testing-GR pipelines that assume a quasi-circular orbit.

As detector sensitivity improves, the detectability of resid-
ual eccentricity will increase, which will further improve
the bounds derived in this work. Notably, third-generation
detectors like Einstein Telescope [138] are expected to ob-
serve GW200105-like systems with eccentricities as high
as e2Hz ∼ 0.65 (e5Hz ∼ 0.35), where the resulting constraints
could be several orders of magnitude stronger than those ob-
tained with circular binaries.
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SUPPLEMENTAL MATERIAL

Inspiral parametrized test of GR with GW200105 signal

Alternative theories of gravity often suggest differences
in the numerical values of the GW signal’s PN phasing
coefficients—as calculated in Einstein’s theory as a series
expansion in the orbital velocity—and excitation of ex-
tra polarizations. This has prompted the development of
a parametrized test of GR within the parametrized post-
Einsteinian framework [12, 65, 67]. In this approach, possible
deviations are captured by introducing a fractional deviation
parameter δϕ̂i at each PN order on top of the GR-predicted pa-
rameters:

ϕGR
i → (1 + δϕ̂i) ϕGR

i , (8)

where ϕGR
i is i/2 PN coefficients. As many alternative theories

such as BD and EdGB gravity introduce scalar fields along-
side tensor fields, leading to dipole radiation. This results in
leading-order phase corrections at -1PN and tail-induced con-
tributions at 0.5PN, while GR does not allow those PN terms.
To account for these effects, we introduce absolute deviation
parameters at these PN orders, with the corresponding phase
correction given by:

∆Φ = δϕ̂i
3

128η
(πM f )(i−5)/3, (9)

where i = −2 and i = 1 correspond to -1PN and 0.5PN, re-
spectively. By considering the range from -1PN to 3.5PN, in-
cluding the logarithmic PN terms, we thus have a total of 10
testing parameters.

We employ the recently developed TIGER framework with a
baseline GR waveform model IMRPhenomXPHM [65]. This
model incorporates the spherical higher harmonics and preces-
sion effect, but does not include the effect of orbital eccentric-
ity. For quasi-circular binary, the rotational symmetry and pe-
riodicity of the binary’s motion enforce that the time-domain
phase of an (ℓ,m) mode is m times of the orbital phase. This
scaling relation allows the TIGER framework to propagate the
non-GR corrections into the higher harmonics.

We conduct the parameterized inspiral test for GW200105
signal. The uses of strain data for this event is previously dis-
cussed in the main text. We carried out the TIGER analysis
using the Bilby TGR package [68] based on Bilby, employ-
ing the nested sampling algorithm Dynesty. The configura-
tion details for the sampler are provided in the main text. For

this analysis, we adopt the configuration file released by the
LVK Collaboration as part of the GWTC-3 catalog [53]. The
upper frequency cutoff is set to 1792 Hz, consistent with the
LVK analyses.

Fig. 4 shows the violin plot (orange) of the posteriors of the
deviation parameter. The GR value is found outside the 90%
credible interval except for 1PN and 1.5PN cases. For 2.5PN
and 3PN logarthamic terms, the GR values are found outside of
the 99% credible interval. We calculate the credible intervals
using highest posterior density. Table I shows the minimum
credible interval that encompasses the GR values (QGR) for
all the PN terms. Overall, this indicates significant biases in
testing GR parameters.

To understand whether this triggered by the neglecting or-
bital eccentricity in the TIGER baseline model, we perform
an analyses using eccentric injection. We use the maximum
likelihood waveform obtained from GW200105 analysis with
eccentric pyEFPE model. Since this eccentric waveform only
model in inspiral portion, we set the highest cutoff frequency
of 280Hz for generating injection as well as in the TIGER anal-
ysis. The same setting is also used in [55]. As shown in Fig. 4
and Table I for injection results, the GR value is found out-
side the 90% credible interval, except for 1.5PN order. For
0PN term, there is no posterior sample below GR value. The
strong degeneracy between 0PN term and chirp mass, similar
behaviour is also noted in [78]. For all PN terms, the direc-
tional shift of posteriors with respect to the GR value are con-
sistent between injection and real event analyses. This implies
that the biases are likely to be a consequence of unmodelled ec-
centricity in the TIGER baseline waveform, rather than a true
violation of GR.

δϕ̂i δϕ̂−2 δϕ̂0 δϕ̂1 δϕ̂2 δϕ̂3 δϕ̂4 δϕ̂5ℓ δϕ̂6 δϕ̂6ℓ δϕ̂7

Real event analysis

QGR [%] 95.4 88.4 92.4 9.3 12.9 98.3 99.1 96.5 99.6 97.3

Eccentric injection analysis

QGR [%] 99.9 100 99.6 97.8 60.3 96.5 99.7 99.8 99.8 99.9

TABLE I. Summary of results for the GW200105 event obtained us-
ing the TIGER framework with the IMRPhenomXPHM waveform
model. The second row presents the TIGER results for a GW201005-
like eccentric injection. The quantityQGR denotes the minimum cred-
ible interval that encompasses the GR value (δϕ̂i = 0). The interval
is estimated using the highest posterior density (HPD) method.
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FIG. 4. GW200105 results from a parametrized test of GR using TIGER framework with IMRPhenomXPHM model, showing the marginalized
posterior distributions of the inspiral deviation parameters. The horizontal bars shows the 90% credible interval of the posterior. The GR value
is marked by a red dot-dashed line. For all cases except for 1PN and 1.5PN, the GR is found outside the 90% credible interval. This is probably
due to unaccounted eccentricity in the underlying waveform.
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