
3-body decay amplitudes in 
the presence of bound states

Raúl Briceño (UC Berkeley)
Max Hansen (University of Edinburgh)

Andrew Jackura (UC Berkeley)
Dimitra Pe*ou * (MIT)

Fernando Romero-López (MIT)



Motivation

𝑔 − 2 ∶ 𝛾 ∗ → 𝜋 𝜋 𝜋𝒥

Progress on 3-parOcle systems : talks by Fernando Romero-
López, Michael Doering, Maxim Mai, Md Habib Islam, 
SebasOan Dawid, … 

3-body decay amplitudes

3-body decay amplitudes 
in the presence of bound 
states

PhotoproducOon of 
mesons (GlueX), inform 
fits beyond isobar model 



QC + sca.ering amplitudes summary
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QC + sca.ering amplitudes summary
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QC + scattering amplitudes summary
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Tes9ng the 3-body formalism –
bound states Thursday talks by:

Md Habib Islam (Digonto)
Sebastian Dawid
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Testing the 3-body formalism –
bound states

𝐹$"# = 0 → 𝐹!"# + 𝐾/- = 0

Jackura, Briceño, Dawid, Islam,
McCarty PRD (2020)
Romero-López, Sharpe, Blanton, 
Briceno, Hansen PRD (2019)



Tes9ng the 3-body formalism –
bound states: QC3 à QC2

AnalyOcally?
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𝒥 ~

Testing the 3-body formalism –
bound states: Decay amplitudes

𝑇$ = ℒ ) ,314 𝑘 𝐴314 𝐾!",$ = 0 + 𝑠 −wave + isotropic 

Hansen, Romero-López, Sharpe PRD (2021)
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Tes9ng the 3-body formalism –
bound states: Decay amplitudes

Watson’s theorem



𝑇/-
𝐴314

!
=

1
1 − 𝑖𝜌𝐾/-

×
𝜕𝐹!

"#

𝜕𝐸
+
𝜕𝐾/-
𝜕𝐸

×
𝜕𝐹$314

"#

𝜕𝐸

"#

Tes9ng the 3-body formalism –
bound states: Decay amplitudes
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Tes9ng the 3-body formalism –
bound states: Decay amplitudes



Summary and future steps

QC3 reduces to QC2 in the presence of a bound state : analy8cal result 

Expression for 𝑇"# in terms of known ladder amplitude 

Formalism reduces to decay constant of a three-par8cle bound state in 
the trimer limit
3-par8cle version of Lellouch-Lüscher factor reduces to 2-par8cle : 
numerical evidence
3-par8cle version of Lellouch-Lüscher factor reduces to 2-par8cle : 
analy8cal proof
Numerical tests of the deep trimer limit



Summary and future steps

QC3 reduces to QC2 in the presence of a bound state : analytical result 

Expression for 𝑇"# in terms of known ladder amplitude 

Formalism reduces to decay constant of a three-par8cle bound state in 
the trimer limit
3-par8cle version of Lellouch-Lüscher factor reduces to 2-par8cle : 
numerical evidence
3-par8cle version of Lellouch-Lüscher factor reduces to 2-par8cle : 
analy8cal proof
Numerical tests of the deep trimer limit Thank you!


