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INSPIRAL-MERGER-RINGDOWN (IMR) WAVEFORM MODELS  DETECT & CHARACTERIZE GWs. 

•Most models assume a QUASI-CIRCULAR (QC) inspiral since ECCENTRICITY is expected to be radiated away: 

•NON-SPINNING (1D), ALIGNED-SPINNING (3D), SPIN-PRECESSING (7D). 

•Different families: EOB, NRSur, IMRPhenom. 

•ONGOING PROGRESS incorporating ECCENTRICITY in IMR models  DYNAMICAL FORMATION in BBHs. 

•Due to RAPID CIRCULARIZATION  ECCENTRIC EFFECTS mostly in the INSPIRAL. 

•QC MERGER-RINGDOWN in non-NR-calibrated models. 

•Recent progress in PN FORMALISM! (See Gonzalo’s talk). 

•Newly AVAILABLE IMR ECCENTRIC MODELS:  

•EOB FRAMEWORK: TEOBResumS-Dali, SEOBNREHM,SEOBNRv4EHM, SEOBNRv5EHM;         
NR-SURROGATES: NRSurEcc, OTHERS: EN/SIGMA, EccentricIMR. 

•IMRPHENOM FAMILY: IMRPhenomXE (see Toni’s talk), IMRPhenomTEHM. 

→

→
→
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TIME DOMAIN MULTIPOLAR SPINNING ECCENTRIC WAVEFORMS , built on 
IMRPhenomTHM [Estellés+22], for : 
IMRPhenomTEHM [Planas+25, 2503.1306]. 

(q, χL
1 , χL

2 , eref, lref)
(l, |m | ) = {(2, |2 | ), (2, |1 | ), (3, |3 | ), (4, |4 | ), (5, |5 | )}

Python IMPLEMENTATION in phenomxpy [García-Quirós+25]. 

•Smooth transition at   

•COVERAGE:   due to 
eccentricity expansions. 

•Allows for . 

•FAST CODE  enables large scale BBH PE analysis.

e → 0

q ∈ [1,20], | χ1 | ≤ 0.99, e10Hz ≲ 0.4

fmin < fref

→

LLUC PLANAS (m.planas@uib.es)

IMRPHENOMTEHM: INTRODUCTION

14  Iberian GW meeting, June 24 2025th 3/11[PLANAS+25, 2503.1306]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.084039
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.084039
https://arxiv.org/abs/2501.08261
mailto:m.planas@uib.es
https://arxiv.org/abs/2503.13062


1. COMPUTE the IMRPhenomTHM waveform  

2. SOLVE secular evolution equations for  , , ,  in MH gauge up to merger. 

3. OBTAIN  and . 

4. EVALUATE . 

5. EVALUATE eccentric amplitude corrections  and  up to merger in QK PARAMETRIZATION + 

MODIFIED HARMONIC (MH) PN GAUGE: 

•NON-SPINNING PN TERMS: 3PN for , and 2.5PN for . 

• Ebersold+19 ( ), ). 

•SPINNING PN TERMS (SO AND SS): 2PN for  and no spinning . 

• Henry+23 ( , ). 

6. OBTAIN PhenomTEHM modes 

(e = 0) .

x(t) = (GMω/c3)2/3 et(t) l(t) λ(t)

ωTEHM
22 2ψTEHM

orb

h̃THM
lm (x, et, l) = HTHM

lm (x)e−i⋅ψlm(x,e)

HPN,ecc
lm (x, l, e) W(l)

(2,2), (2,1), (4,4), (5,5) (3,3)

Hlm
ψ (x, e, ξ) = Hlm

inst + Hlm
hered + Hlm

post−ad O(e6)

(2,2), (2,1), (3,3) (4,4), (5,5)

Hlm
ψ (x, e, ξ) = Hlm

inst + Hlm
tail + Hlm

mem O(e6)
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OSCILLATORY PHASE 
CONTRIBUTION (3PN )𝒪(e12)

hTEHM
lm = (h̃THM

lm +
8GMη

c2R
π
5 [xHlm(x, e, l) − xe=0Hlm

e=0(x
e=0)] e−imλ) e−imW(l)

δ ·xe≠0 = δ ·xNewt
e≠0 + δ ·x1PN

e≠0 + δ ·x1.5PN
e≠0 + δ ·x2PN

e≠0 + δ ·x2.5PN,tail
e≠0

·x = ·xTHM + δ ·xe≠0
·e = ·eNewt + ·e1PN + ·e1.5PN + ·e2PN + ·e2.5PN

SS + ·e3PN
SS + ·e3PN

inst + ·e3PN
tail·l = ·lNewt + ·l1PN + ·l1.5PN + ·l2PN

inst + ·l2.5PN
tail + ·l3PN

SS + ·l3PN
inst·λ = x3/2

+δ ·x2.5PN,SS
e≠0 + δ ·x3PN

e≠0 + δ ·x3PN,SS
e≠0 + δ ·x3PN,tail

e≠0
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MISMATCHES AGAINST 28 PUBLIC ECCENTRIC NR SXS SIMULATIONS 
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• INSIGNIFICANT DEGRADATION when including higher 
modes (HMs). 

• MISMATCHES below 2% for all cases (optimization over 
 if HMs). 

• LESS ACCURATE than other models but much MORE 
EFFICIENT. 

• FURTHER VALIDATION due to the LIMITED COVERAGE 
of NR simulations. 

• Parameter estimation (PE) studies.

e, l, fmin + φ
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BBH PARAMETER ESTIMATION WITH IMRPHENOMTEHM

ECCENTRIC ANALYSIS of 17 GW BBH events 

with IMRPhenomTEHM [Planas+25, 2504.1583]. 

•Standard PE pipelines for QC models (Bilby, 
bilby_pipe, dynesty). 

•QC: THM (green) + Two eccentric priors: 

Uniform (blue), LogUniform (pink). 

•Signs of ECCENTRICITY in 4 events: 

•GW200129 

•GW200208_22 

•GW190701 

•GW190929 

•First full IMR eccentric analysis of 

GW190814: (NS/B?)BH event. 

First IMR NSBH REANALYSIS
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BBH PARAMETER ESTIMATION WITH IMRPHENOMTEHM

LLUC PLANAS (m.planas@uib.es)14  Iberian GW meeting, June 24 2025th

GW200129

GW200129: DYNAMICAL FORMATION HINTS: precession, kick 
velocity, eccentricity… but KNOWN GLITCH IN L1. 

•Different DEGLITCHING METHODS: gw_subtract, 
BayesWave(A,B,C) 

•  support for any deglitching procedure and prior: 
. 

GW200208_22: LOW SNR event. 

•Tested different PE RESOLUTIONS. 

•MARGINAL ECCENTRIC SUPPORT: . 

GW190701, GW190929: very HIGH MASS EVENTS. 

•WEAK SUPPORT for eccentricity:  

•BREAKDOWN of QC merger/ringdown approximation.

e
log10 ℬUni

E/QC ∈ [1.86,5.1]; log10 ℬLogUni
E/QC ∈ [1.3,4.2]

log10 ℬE/QC ∈ [0.5,1.1]

log10 ℬE/QC > 0.
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IMR ECCENTRIC NSBH ANALYSIS

ECCENTRIC ANALYSIS of the 3 confirmed NSBH GW events with 
IMRPhenomTEHM [Planas+25, 2506.01760].(GW191219 high !) 

•Standard PE techniques (Bilby, parallel_bilby, dynesty) 

•First full IMR ECCENTRIC ANALYSIS of 3 NSBH events! 

•GW200105: confirms recent claims of eccentricity [Morras+25, 
2503.1539] with a PN inspiral-only eccentric-precessing code 
[Morras+25, Phys. Rev. D 111]. 

•GW200115 & GW230529: no eccentric support. 

•FURTHER INVESTIGATIONS of GW200105: different ECCENTRIC 
PRIORS, TD eccentric WAVEFORM SYSTEMATICS, and DATA QUALITY. 

q
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Same 90% CI of  vs . 
•STARTING WF GENERATION: TD multipolar eccentric models 

are compositions of HMs and mean anomaly harmonics: extra 
conditioning required to have all modes in band at the start of 
likelihood (L) integration. For  modes,  Hz. 

•SIGNAL DURATION (D): short signal durations  poor FD 
resolution at low frequencies:  Hz. 

•DATA QUALITY: know scattered light below 25Hz for L1.

e20Hz ∼ 0.09 − 0.15 epyEFPE
20Hz = 0.048 − 0.152

l ≤ 3 f wf
min = 13.3

→
df = 1/D
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IMR ECCENTRIC NSBH ANALYSIS: GW200105

•IMRPhenomTHM recovers official analysis with 
IMRPhenomNSBH: MATTER EFFECTS 
NEGLEGIBLE due to high mass ratio. 

•BIASES in recovered parameters when neglecting 
eccentricity, mostly for MASSES and SPINS.  

•LOGUNIFORM PRIOR provides SUPPORT FOR 
ECCENTRICITY, in contrast to what was found 
for [Morras+25, 2503.1539]. 

•BIMODALITY FOUND in eccentricity (thus also 
masses and spins) for GW200105.                
Extra INVESTIGATIONS required: 

•ACCUMULATION OF LIKELIHOOD AND 
SNR in frequency: 

•20-30 Hz range: NEGLIGIBLE. 

•Almost SATURATION at ~400 Hz. 

•The two waveforms are DIFFERENT 
originally( ), but when projected 
into the detectors, , and even 
lower when the integration starts later!  

ℳ ∼ 0.4
ℳ ∼ 0.06
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We present the first IMR ECCENTRIC ANALYSIS of BBH & NSBH EVENTS with IMRPhenomTEHM. 

• STATE-OF-THE-ART TD phenomenological waveform model for aligned-spin binaries in eccentric orbits. 

• CODED UP in the new phenomxpy[García-Quirós+25] python package. 

• Extremely EFFICIENT: only 2-5 times slower than IMRPhenomTHM. 

• Internal code REVIEW to start soon  CODE PUBLICATION. 

• COVERAGE:   due to eccentricity expansions. 

• ROBUSTNESS tested against NR + SEOBNRv5EHM + PE studies. 

• Analysis performed with standard PE CBC pipelines  MOST EFFICIENT IMR ECCENTRIC MODEL TO DATE! 

• GW200129 & GW200105 show SIGNS OF ECCENTRICITY, supported across different models, data 
variations and samplers. 

• Both GW200105 & GW200129 are glitched events… CASUALITY? 

• Found some WAVEFORM & DATA SYSTEMATICS ( ) affecting eccentric PE analysis. 

• Higher impact in the early inspiral: low-mass events! 

• GW200105: bimodal structure within SAME CREDIBLE INTERVAL (indifferent for the ECCENTRICITY 
OBSERVATION), but extra CAUTION MIGHT BE NEEDED FOR ECCENTRIC ANALYSIS. 

• NEXT STEPS: 

•Incorporation of  mode into IMRPhenomTEHM (see [Rosselló+24] and Maria’s talk!). 

•DEVELOPMENT of  IMRPhenomTPEHM.

→

q ∈ [1,20], | χ1 | ≤ 0.99, e10Hz ≲ 0.4

→

f wf
min, D, f L

min

(2,0)

CONCLUSIONS
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