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Overview

o BBH mergers

o Time domain ringdown analysis

o Quasinormal Modes (QNMs)

o Higher Order Modes (HOMs)

o No Hair Theorem (NHT)
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Quasinormal Modes (QNMs)

o Frequency & Damping →Mass & Spin

o Classified by l,m,n

o l, m (angular multipoles)

o n (radial overtones)
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ℎ ∼

𝑙𝑚𝑛

𝐴𝑙𝑚𝑛 sin(2𝜋𝑓𝑙𝑚𝑛𝑡)𝑒
−𝑡/𝜏𝑙𝑚𝑛

𝑄 = 𝜋𝑓𝜏

𝑄 = 𝜋𝑓𝜏



Higher Order Modes (HOMs)

o 22 → 33, 44

o NHT
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𝑄 = 𝜋𝑓𝜏

𝑄 = 𝜋𝑓𝜏

To have hair, or not to have hair:
that is the question



IMRPhenomXP(HM)

o Approximant

o Combines inspiral, merger, ringdown

o Phenomenological model

o Precessing BBHs

o QNM configuration

o 21 (XPHM)

o 22 (XP)

o 32 (XPHM)

o 33 (XPHM)

o 44 (XPHM)
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n = (0, 1, 2)
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Recovery Method ..…does it do a good job?
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scipy.optimize.curve_fi

t

1 − 𝑅2 = 𝑅𝑆𝑆
𝑇𝑆𝑆

ℎ ∼ 

𝑙𝑚𝑛

𝐴𝑙𝑚𝑛 sin(2𝜋𝑓𝑙𝑚𝑛𝑡)𝑒
−𝑡/𝜏𝑙𝑚𝑛
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IMRPhenomXP [22]
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*IMRPhenomXP Modes: [22]* Note: 𝑡0 can be in units of 𝑡𝑀 using 𝑡𝑀 =
𝐺𝑀

𝑐3
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*IMRPhenomXPHM Modes: [21,22,32,33,44]
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*IMRPhenomXPHM Modes: [21,22,32,33,44]
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*IMRPhenomXPHM Modes: [21,22,32,33,44]



Remnant BH Parameter Recovery
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o SurfinBH package

o returns remnant mass and spin

o 1-sigma error estimate

XPHM [21,22,32,33,44]



To Summarize:
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o IMRPhenomXP(HM)

o Amplitude & phase

o Remnant mass & spin

o Recovery is highly dependent on 𝑡0 and inclination

o No violations of NHT



What’s Next?
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o Short-term

o Compare ringdown analyses

o Parameter estimation

o Long-term

o Better understand waveform models

o Real data analyses

o Test NHT
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Thank You!
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