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Observation of the T (cctid) by LHCb

» In 2021, T}.(ccud) is reported by LHCb!
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LHCb, Nature Phys. 18 (2022) 751-754, Nature Commun. 13 (20) 3351
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Motivation and Question

T, internal structure ? Near-threshold effects?  Other data ?
Pure DD* molecular analysis - Coupled channel effect T
+ Exclusion of compact T * Isospin sym. breaking effect . o
~ DD*,I=0 DD*I=1 4 W
0 _c) c) - ) (wide range attractive) (repulsive at low p)
@9 9 (e.g., S. Chen, et al., PLB 833, 137391(2022) ) ey iy p e Rl
Compact Molecule 1 D°DO(Left), D°D*(Right) distribution

Compact and molecule mixing D**D? — D*°D* channel coupling  Crosscheck of model
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Model construction

2. Model construction

2025/10/8 H-ken Summer School



Outline of analysis

1. 2.

D**D° — D*°D* Coupled channel model Determine the model parameters by

fitting to D°D°n* line shape
(Fitted only 200 keV bin width data)

mixing of DD* molecule and compact ccud
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o e Significant background!

3. Analyze T/, properties from obtained DD* coupled channel model.
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D**D® — D*°D™* coupled channel model

» 2 channel scattering (Isospin basis DD;_, , Particle basis D**D? — D*°D*)

» Interaction Lagrangian ( Isospin basis DD;_,,) Compact T, couplestol =10

S == Y Ci[D*DI}[D*D]; - go ([D* D, TE™ + T8 [D*D],_, )
1=0,1
M.Albaladejo, PLB.824(2022)1370521
Molecule term Compact T\, term )
Vz] — C[ +
\ E—m+ie

» Isospin basis DDj_,, — Particle basis D**D? — D*'D*

» D**DY — p*°D* amplitude is obtained from L-S eq. % = + ﬁgk Tis

» Parameters are determined by fitting the experimental data: Cy, C1, go, m
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3 body decay ( M. Albaladejo, PLB.824 (2022) 1370521 )

» 3 body decay process

4 DO DO\
~ D*+ ~
./\/l)\(S, t, u; QQ) — o D*_H‘ 7T+ + D*—F*s 7r+
DO DY DY
. J

\
® : coupling of the source to DD* states @ : D* — Dm amplitude
O : DD* — DD* scattering amplitude

» DODO%xrt invariant mass distribution

Q2 3/2 Smax(QQ) t+(S,Q2) 2
New (Q?) = No (—ch) / ds/ dt E M (s, t,u; Q)|
Q Sth t_(S,QQ) A

» Considering experimental resolution (LHCb, Nature Phys. 18 (2022) 751-754, Nature Commun. 13 (2022) 3351 )
N @) = [ dERuncn (B V@) Noo(E?)

» Additional parameters
Mo : normalization, a : D**D% B : D*D* production ratios
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Numerical results

3. Numerical results
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Outline of fitted results

» Fitted results ( 3 different scenario with a comparable y? value. )

« Mixing of Molecular and Compact state (M+C) wr
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« Pure molecular results (Mol. 1, Mol. 2)

Molecule term
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. mD['JDUn+ | [GeV/cQ]'
D°DOr™ line shape
Model x?/d.o.f.
Mol.+Compact (M+C) | 15.0/(19 —6) = 1.15
LMoL L 16.0/(19 — 6) = 1.23
Mol. 2 15.9/(19 — 6) = 1.22
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Mixing of DD* mol. +

D*+DO M Bare D*OD+
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» DDj_,, 4-point interaction Cr—o,1 is weak
—— ‘

2000

Peak disappears in thegy — 0 limit.

—This peak dominated by the compact

1000
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component.

DD* —» DD* scattering amplitude

Model ‘ Bla  Cy[GeVT2 1 [GeVT2] g0 [CGeVTY2]  mpare [GeV] x?/d.o.f.
Mol +Compact (M+C) | 0.29  —1.38 —0.31 +0.14 3.8757  15.0/(19—6) = L.15
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mol. w/o compact

1.00 ! ) T 7 i 4 —
i | momemim e |

|, State2 le— State 2
= A . H
= ‘i 1 Strong decay is not allowed
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3.868 3.870 3.872 3874 876 T No clear peak
DD* —» DD* Scattering amplitude v Gy = Cy

>» DD,*:(),l 4-point coupling constants Cy = C; are close and earn enough attraction
—|sospin symmetric interaction seems to be dominant ( M. Sakai, et al., PRD.109(2024)054016)

—2 channels are decoupled - Cy, — C; = 0, then 2 bound states are obtained.

Model Bla  Coy[GeVT? O [GeV™?]
v 1 CotC —Co+Ch Mol.+Compact (M+C) | 0.29 —1.38 —0.31
T2 \~Co+C1 Co+Cy Mol 1 0.058 ~22.9 —20.2
Mol. 2 0.93 —29.5 —23.6
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Crosscheck with D°D® and D°D™* distributions

T,. — D'D'r+ T,. — DD 70
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» DODO (Left) : no clear difference » DD (Right) : Peak of Mol. 1 is narrow?
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Summary and Outlook
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» Outlook

 Extend the model (four-point interaction — meson exchange interaction)

« Comparison with X(3872) (x.,(3872)).
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