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¢ Some backgrounds
<* The D°D** — D*D*Y scattering
< Analytic structure of the DYD** — D*D*0 scattering amplitude

<» The D°D°7r* decay and the pole position
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Two-body scattering
A particle that enters the collision with in asymptote |¢) it par.t1cle
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= The scattering amplitude
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The asymptotic behavior of the wave function (r — o)
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Three-body scattering
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Satisfying unitarity relation
The Quantum Mechanical Few-Body Problem,
i[TT -T]|=TTT Walter Glockle

" The subsystem scattering amplitude

t = v+ vGt Lippmann-Schwinger equation



Relativistic three-body scattering
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* Two-body subsystem i ! R. Aaron et al., Modern three-hadron physics, 1977.
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¢ Three-body interaction
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Unitarity relation
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% Three-body interaction R. Aaron et al., Modern three-hadron physics, 1977.
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Analytic properties

* The domains of nonanalyticity
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DD" scattering

¢ m-exchange
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| q? — mz + ie

L Z_m2~-2m A+ 1+ mi 2

A=mp«-mp-mg

% Three-body cut mmmsm) _ZCTO appears !
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DD" scattering
¢ Scattering equation

, , A k2dk
T(s,p',p) =V(s,p'.,p) +

o 2m)32w(k)

V(s,p', k) t(oy) T(s, k,p)
Ox =S — 24/swp (k) + m3

The interaction potential ( including the 7, o , p and w-exchange ).
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DD" scattering

¢ The interaction potential ( including the 7, o , p and w-exchange ).
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¢ Spin-1 helicity polarization vectors
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¢ The partial wave interaction potentials
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Analytic continuation JG-plane

Multi-Riemann sheets Sheet I
= The self-energy
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o 2m)32w (k)
Analytic continuation

» (Calculating the discontinuity
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Analytic continuation JG-plane

% Self-energy Sheet I
* First Riemann sheet
X ~ f ) cof. k= dk ,
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Analytic continuation

¢ Self-energy

) ~jooocof.0_[
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wp(k) + w,(k)]? +ic

Second Riemann sheet ( resonance )
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Analytic continuation

A k?dk
T(s,p',p) =V(s,p',p) + .[0 20320 (0 V(s,p' k) t(oy) T(s, k,p)

= Contour mapped to the 1/o plane.

= The cut structure in complex /s plane
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» The cut structure after contour deformation
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Solution for real momentum

¢ Three-body singularities

¢ Contour deformation

A Im k

singularities

/ w
N

intergration
contour

dx

1
v f—l Vs — [wp(p") + wp(p) + wr(q)] + ic ==y Zero
x=pp'/pp

E. Schmid, H. Ziegelmann, The Quantum Mechanical Three-Body
Problem, Pergamon Press, Oxford, 1974
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Solution for real momentum

+¢* Contour deformation

k2dk
)32w (k)

T(s,p’,p) =V(s,p',p) +J n V(s,p' k) t(oy) T(s, k, p)

The effective BS equation is analytically continued into the complex momentum
plane using Cauchy’s theorem.

p'ope™
. e_ig E. Schmid, H. Ziegelmann, The Quantum Mechanical Three-Body
Problem, Pergamon Press, Oxford, 1974
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Three-body D°D°nt dacay

** The mass distribution

dr (/s 1 1 1 > > o . «
= [ o5 (5 Zal ZaMar(ir G2, 5)12) a3 @r dmas dO5 dQ,

Decay amplitude

e F 3 * > o> - -
MG, 2, = S5 [ [ DA (2,03, 0M,(01) Uiz 03 (G, ) + s )

+¢» Short-distance interaction is absorbed into F.
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Numerical results

Cut off A and the pole positions from fitting of the D°D%r* line shape obtained by the LHCb Collaboration.

Scheme x%/d.o.f A GeV ,

18.11/(20-1) = 0.95 0.4551 + 0.0018 —332%37 —i(18 £1)
I 14.47/(20-1) = 0.76 0.3701 + 0.0017 —351*37 —i(28 +1)

Scheme I: without pion exchange  Scheme II : with pion exchange
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Fitting results of the D°DOrr™* line shapes before (left panel) and after (right panel) convolution with

the energy resolution function.
19



Numerical results

The wave function

1

|IDD*,I =0) = ——(D*t*D° — D**D™),
V2
1
DD* I =1)=———(D**D° + D*°D").
V2

The effective coupling constants

! i . 1 i'i
g'g"'= lm —(s— spote)T" (s, kv, kp)

S—Spole 47!‘

Scheme ' g g'=° g'=!
I 3.9010:09 —40.0470:00 —4.1115:09 +i0.0475-90 —5.661015 +i0.0610 00 0.15790:05 +40.0079-00
II 4.0015-99 4 i0.0473-99 —4.13%999 4+40.0573:09 —5.7510:15 +140.0115-30 0.0975:9% — 30.07+5:59

We find that the coupling constants g and g? are very close to each other with an
opposite sign. This indicates that we have basically a state with an isospin I = 0.
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Summary

+» The analytic continuation of the coupled-channel D°D** — D*D*0 scattering
amplitude is studied.

% The m-exchange term has a signification on the pole position of the T... Including
the m-exchange term, the width of T, will be increased by a factor of 1.5.

< We will extend our framework to calculate 37 — KK coupled system.

Thank you for your attention!
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