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Three-body threshold effect in
hadron-hadron scattering
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One-pion exchange (OPE)
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The importance of the three-body dynamics

0 11 g2
:': ?0: ! & ] \ " \ t 7’
= oF LHCb 2 ;
= 60; ofht B : Do Do B+
3 : 5
=R ‘ z . o
- P+ data 3. 3. i G gs
301 R il moeoene [0V \ ! ¥
u . total ]
sof { e b N N
10f- + + E
; *ﬁmm ight w i
U"'"' _ - —
2 E +\ ++ 0 : 0 4+ 4
- 333 389 o T5) = CDSG\D_ DY ¢1) +sin0|D** D™, ¢5),
M+ [(‘(\ /¢ ]

Nature Commun. 13, no.1, 3351 (2022)

F_TRERYIESCPEIAINS 3/15



The revised OPE potential involving three-body threshold dynamics
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Three-body effect: energy-dependent potential
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The re-summation in the dynamical equation-
Lippmann-Schwinger equation (LSE) and Schrodinger equation

® Schrddinger equation

k? d*p , | Two-body threshold unitary cut
S—0(k) + ;V (k. p)o(p) = Eo(k) Y g
2m, (27)
® Lippmann-Schwinger equation Three-body threshold cut
d*p V(K',p)T(p,k; E)
Tk' . k;:E)=V(K' k : — _ qht-
(k' k; E) (K', k) + / (273 E — p?/2u + ic Left-hand or right-hand cut
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@ Complex scaling method (CSM)
In Schrodinger equation

Schrédinger equation

k*
2m *%) / (27)3

L. V(k.p)o(p) = Eo(k)

® Analytical extension of the wave function

1

6(k) =
ey

k can be anywhere on the complex plane

V(k,p)o(p)
N\

p is on the integral path

k> (27)3

2m
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Im(k)
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Different Riemann sheets in T matrix
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2-channel example

ky = \/2#1(E —Etn) ka= \/2112(5 — Etn2)

Sheet|: Im(k,) >0 Im(k,) >0
bound state

Sheet Il: Im(k,) <0 Im(k,) <O
quasibound state (Feshbach-type resonance)

Sheet lll: Im(k,) <0 Im(k,) <O
resonance

Sheet IV: Im(k;) <0 Im(k,) <O
“threshold cusp”
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Complex scaling method (CSM)
In Schrodinger equation

® st Riemann sheet: integrate along the real axis

Im(p)

*~<—— pound state

® 2nd Riemann sheet: the residue of the pole must be |
include Re(p)
® Or change the integral path e "
T \\..\\'\ /f

® E.g. complex scaling method: |

: resonance \\
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More information: T matrix,
It is okay for searching cross section, line shape,

for pole position! etc,--- LSE
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o ‘Avoid the branch cut in the potential




The cut structures of three-body threshold dynamics
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FIG. 2: The cut structures of the half-on-shell scattering amplitudes from the OPE potential involving the three-body dynamics under different

cases. The red, green, orange and purple singularities correspond to K = 0.01, 0.03, 0.07 and 0.1 GeV, respectively and the dashed line denotes
the branch cuts.
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Complex scaled Lippmann-Schwinger equation
(CSLSE)
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Complex scaled Lippmann-Schwinger equation (CSLSE)
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The solved on-shell T matrix
with the energy below DD"
threshold
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Application to the recently observed T,
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FIG. 5: The physical on-shell 7" matrix of the isoscalar DD" scatter-

ing below the threshold.

=+ EERYIESCPEIAITES




An observable singularity structure in addition to T,

The solved on-shell T matrix with the
energy above DD” threshold (physical

region!)
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FIG. 6: The physical on-shell T matrix of the isoscalar DD™ scatter-
ing above the threshold.
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Phase shift of the DD* scattering-Lattice QCD
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kcotbo/my

Phase shift of physical DD* scattering-rhc effect
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Summary

® We study the complicated cut structures of the three-body
threshold dynamics from the OPE

@ Based on cut structures, we developed a complex-scaled LSE
to properly treat the interaction involving the three-body
threshold dynamics

® Three-body threshold effect will induce an observable
singularity in the physical on-shell T matrix, which can be
tested in Lattice QCD

Thanks for your attention!
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