Testing formalism fory* — 3z, K" = 37, ...

RAUL BRICENDO

.

T ————

Berkeley =10 gerkeLey Lag

Jackura | Petkou | Romero-Lopez



Dig picture

1 hadron spectroscopy

1 precision electroweak




workflow

det [/Cg + Fg_l} =

E/ formalism derivation



workflow

"3 01 s Regl
1 f ' = [mag
det [ICS —|— F3 } — O 8 —0.2 FVw/oCut| |
= —03 5
B N/
E/ formalism derivation § —04
05 e
N
0.6 ’

06 —04 —02 00 02

E( checks of the formalism



workflow

det [Ks + F5 '] =0

E( formalism derivation

0.1

0.0

)

s —0.1

D _02

S -o.

”g —03

S 04

>

N—"
05
—0.6

E( checks of the formalism

e Regl

— Imag
O FVw/oCut

—06 —04 —02

0.0

0.2

m%S/ m72r

(.5

7.0-

6.5

6.0 1

D.D1

5.01

4.5

4.0

40 45 50 55 6.0 6.5
2 2
m12/m7r
E( actual lattice QCD calculation

7.0

(.9



formalism fory* — 3z, ...
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satisfies an integral equations
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Consistency checks using toy models

Consider a toy theory with a two-body bound state
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Uity > 0, there is a bound state with binding energy m, = 2\/ m*
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Consistency checks using toy models
three-body /two-body duality

We must be able to describe this system as
both a three-body and as a two-body
system in this kinematic region




infinite-volume formalism for y* — b, ...

Some scattering theory [LSZ on steroids (s ]
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finite-volume formalism for y* — be, ...

For energies below the three-particle threshold:

[ both two and three-body QC should describe the spectrum:

F] ™t = 0 4= (F' + Ko ) = 0
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For energies below the three-particle threshold:

[ both two and three-body QC should describe the spectrum:

F] ™t = 0 4= (F' + Ko ) = 0

[ the finite-volume matrix elements should be described by the three- and two-body
formalism:
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Solving integral equations

[] Introduce D = M,d M-
] Assuming & 4 = 0 and partial wave-projecting onto £ = 0 sector,

dmax d 2
d(p’, s, p) Z—G(p’,s,p)—/ ( 19 G(p',s,q)Ma(q,s)d(q, s, p)
0

27) 2w,

[[] Deform contour to miss singularities and discretize momenta
[] Write as a matrix or vector over discrete momenta: Dawid

Washington
d=-G-K-d



https://indico.fnal.gov/event/57249/contributions/271399/attachments/169795/228033/Islam_Latt23.pdf
https://indico.fnal.gov/event/57249/contributions/270646/attachments/169577/227626/Lattice%202023.pdf
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exponential effects
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finite-volume spectrum am = 1.5

a = scattering length
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nadronic amplitude am = 1.5
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conclusion
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Formalism presented by Hansen, Romero-Lopez & Sharpe (2021)

studying for y* — 3m, K® — 3z, ... passes non-trivial unitarity

and analyticity self-consistent checks.



