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This model shows contributions of the three

body forces in formation of stable nucleus is
about 15-20%.




Particle Data Group, 2022
LHCb collaboration, 2022

M Ot I Vatl O n Interesting resonances decay to three particle final states

Branching ratio
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Motivation
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Interesting resonances decay to three particle final states
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RESULTS AND DISCUSSION
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Application of “The Recipe” .
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Hansen, Bricerio, Edwards, Thomas an d Wilson, 2020



Application of “The Recipe”
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Hansen, Bricerio, Edwards, Thomas and Wilson, 2020

Application of “The Recipe” .
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Possible Application of “T

Finite Volume Formalism

Lattice Calculation

Three relativistic neutrons in a finite volume
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Three Body Scattering Amplitude
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Three Body Scattering Amplitude

Assuming ( KC 3) — (), and all identical scalar particles

. 1
Two-body s.cattermg Mo = — .
amplitude ]CQ — 10
1
pcotog — ip I (M)
167, /o,
Leading order ~ =
effective range expansion — — 1 _ 7 % — m2
a

If a>0, we have a bound-state in the two body system with mass, 1My = 2 \/ m?2 — 1 / a2




Three Body Scattering Amplitude

Assuming ( K 3) O , and all identical scalar particles
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bound-state, (b) bound-state, (b) D = 7 5 Msob 7 5

Two-body bound-state residue {
SPBCt&ZtOT, ( Q ) Spectat()r, ( Q ) Two-body bound-state mass 1Ty



Consistency checks using Toy Model:

bound-state, (b) bound-state, (b) D = Y 5 Mgob 7 5

spectator, (@) spectator, (@)
ﬁ System dynamics fixed by two-body scattering length only:. oA timer (e
elium-4 trimer (He,
2. Bound state pole in the integration interval, numerically most demanding scenario. (ground state)
3. Finite volume results are available for comparison (Romero-Lopez, Sharpe, Blanton, |
4. Hints at Efimov Physics: Bricefio and Hansen, 2019) " e *He F
—
Unitarity Limit: qcotdg = —1/@ =0 e

Two body scattering amplitude has a pole at the threshold:

1 & - 2 4H'e
’L\/ 1 T

Geometrically separated, infinite tower of three-body bound-states: E N4+1 — En / )\2 (TR

Vitaly Efimovu, 1970
A = 22.609438 Naidon and Endo, 2016 { 13




Solving Integral Equations

1. Introduce D = MydM,

2. Project onto partial wave, ¢ = () sector

2

qmaa:
dS(pasvk) — _GS(pasak) o / dq(zﬂ_q GS(p787Q)M2(Q7S)dS(CLSvk)
0

)qu

3. Soften singularities using non-zero epsilon, or isolate them
bound-state, (b)

. . . bound-state, (b
4. Write as matrix equation: (D)

A(N,€) = ~G(e) — P- G(e) - Ma(e) - d(N, ¢ s —»

5. Recover the exact result by taking N — 0o, € = 0 limit spectator, (@) spectator, ()
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6. ./\/lgpb — 92 lim Cls p k
O'p,O'k—Hng



Kinematic Region of Interest
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Singularities in Region of Interest

Im(s)

o W
3.5( W 3 %

(mj, —m?) m> + me gpb (m + my)? (Sm)

5 Gs(p, 5, ) Ma(q, 5)ds(g, 5, k)

—
——

mq/m
)
-]
S
f(m)fg/




Singularities in Region of Interest

Im(s)
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Singularities in Region of lnterest
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Complications in obtaining amplitude

w # [Above @b threshold]
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Set p, k = q,, spectator momenta corresponding to two body bound state

Singularity cut from the one particle exchange function

Two body amplitude has a pole in the integration region
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Romero-Lopez, Sharpe, Blanton, Bricerio and Hansen, 2019

,A/l be O n th e rea I S aX I S Jackura, Bricerio, Dawid, Islam, and McCarty, 2020

1.0 Regl = Follows two-body unitarity condition:
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Romero-Lopez, Sharpe, Blanton, Bricerio and Hansen, 2019

g@ b S C atte I | N g L en gt h , bO Jackura, Bricefio, Dawid, Tslam, and McCarty, 2020

Bedaque, Hammer, van Kolck, 1999
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Romero-Lopez, Sharpe, Blanton, Bricerio and Hansen, 2019

Th ree b O d y b re a k u p S Jackura, Briceiio, Dawid, Islam, and McCarty, 2020
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Summary

 We have addressed the complications in studying bound-state-spectator
amplitude above threshold and shown possible solutions to them

* We have performed consistency checks with toy model that provides
confidence for both finite-volume and infinite-volume formalisms

» Solutions hint at possible trimers below @b threshold

 Moving singularities can create complication in the complex plane - will be
discussed in Part Il.
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