Unveiling the structure of T,¢ state 1n the
D.mmr final state

%
w AR RS

Based on arXiv:2510.01564
In collaboration with £ ) 4§, X 1£18, Makoto Oka

%+ BFIEA X ITE, R, 2025/10/18



Hadron spectra and hadron structures :
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If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way' ~~9/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical "bootstrap' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). Of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactionsg
determines the choice of isotopic spin and hyper-
charge directions.

ber ny - ng would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and

z = -1, so that the four particles d-, s~, u® and b®
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, 2z = -3, and baryon number 3.

We then refer to the members u3, d-3, and s-7 of

anti-triplet as anti-quarks . Baryons can now be

constructed from quarks by using the combinations
(@qq), (@gqqqd), etc., while mesons are made out
of (qd), (qqqd), etc. It is assuming that the lowest
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In general, we would expect that{bgryons are built not only from the product
of three aces, AAA, but also from AAAAA, AAAAAAA, etc,., where A

denotes an anti-ace, Similarly, mesons could be formed from IA,

etc.

possibilities, AL and AMA, that is, "deuces and treys",

For the low mass mesons and baryons we will assume the gimplest
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Exotic structure in B = D™D} n¥r~ decays

LHCDb, arXiv:2411.03399
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Theoretical interpretation

* Double peak in rrr distribution
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Theoretical interpretation

* Molecular Dy, (2460)[D*K, D;n] state decay
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Theoretical interpretation

* D.m — DK coupled channel scattering: T,.; resonances 1s dynamically generated from
the pseudoscalar-pseudoscalar meson imnteraction within the chiral unitary approach.
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Theoretical interpretation

* D.,m — DK coupled channel scattering: T,.s resonances 1s dynamically generated from
the pseudoscalar-pseudoscalar meson interaction within the chiral unitary approach.
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* A poleat \/5 = (2.394 — 0.057i)GeV on the second Riemann
sheet; a pole at /s, = (2.246 — 0.093i)GeV on the third Riemann

sheet.
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Our model

* The feynman diagrams

* The amplitude
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Our model

* For the T-matrix,

V(kp, 4 E)T(q, k) E)

E—\/mlz)+q2—\[mlz)*+q2+ie

i~ -
Vhkopar = m2, (p1 +p3) (D2 + P + K° 4
K* D Dg

Similar for V) _,p . The resulting effective potential reads

2
) ) A2 2 A2
o K D o B
Vos = (Vo + Va7 ) (m +p2) (A%+p£?)

a,f = 1,2 for D, and DK channel, respectively. The cutoff for these two

channels can be different.




UV divergence in the triangle loop

* S-and D-wave coupling

2
Ma=gscbel,n Mo = el (qua, - 22)

* The amplitude
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* Regularize the loop integral using dimensional regularization, and use
the Msbar renormalization scheme.
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Fit to the experimental lineshapes
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Dalitz plot
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Is possible to investigate the structure of Dgq states?

¢ D(2460) » DS mrm™

« D4(2536) > Dy mtm™



D., exotic structure
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Coupled-channel framework

* (Quark model bare state + hadronic molecule

Yang, Wang, Wu, Makoto, Zhu, Phys.Rev.Lett. 128,112001(2022)

bare state core -> channel ; B

g= Z/dsi‘c’{m(é’))gw(ua)(m + h.c.}

a,B

Quark pair creation model (QPC):

2

9o B(|K|) = vLa p(|k])e” 247

truncate the hard vertices given
by usual QPC

P. G. Ortega, et al,
Phys. Rev. D 94, 074037 (2016)

5] 3 1
channel -> channel ;

9 3 2

v=>_ f kA’ K o (k) Ve 5 (1K1, K1) (B(R)
a,f

Effective Lagrangian: (exchanging mesons, €.g2. p/w)

A2 '/ oAz 2
FOl‘m faCtor: 1\2—"'1)?: ( M—'l'}?? )
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Component and pole mass of D states

Yang, Wang, Wu, Makoto, Zhu Phys.Rev.Lett. 128,112001(2022)

P(cs)|%)] ours exp
*(2317) 32.0132 2338.972°% 2317.8 + 0.5
*1(2460) 52.475 4 2459.4129 2459.5 4 0.6
*1(2536) 98.219-2 2536.6170-2 2535.11 + 0.06
*(2573) 95.9112 2570.215-% 2569.1 + 0.8
D, (2460)

* Both the bare ¢S core and molecular components are significant and essential.

D.,(2536)

* Mainly pure cs.

16



Coupling of D, to D*K

*» S- and D-wave coupling

_ pt __ gp _p v 9uwq’
Mg = gse;€; ., Mp=JFee; (q“qy_ Z )

The coupling of Dg; to D*K can be obtained from the residue of the T-matrix:

2m
2 r i0
0t = 5 | Tulx(0))e"a0
= lim (s — 2)Tii(s)

« D.,,(2460): gs > gp

* Dy (2536): 2 =0.08 e

% The D,;(2536) coupling can also obtained using the experimental
measurment on the S- and D-wave decay:

g5 — (.1 e 0"
dap

LHCb, JHEP 10 (2023) 106
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Estimate the lineshape for D¢ (2536) decay
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 If a stricter cut is applied, for instance, m(m*mw ™) > 0.45 GeV , the two-peak structure

will appear.
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Dalitz plot for D¢ (2536) decay

m(mntn~—) (GeV)
©c o o o
O N I,
o (@)] o (@)

o
w
a1

o
w
o

2.1 2.2 2.3 2.4

19



Summary

* The T.s lineshape can be discribed through D.m — DK coupled-channel
interactions, revealing how off-diagonal potential terms generate the observed
resonance pole;

* Predictive lineshape for Dy, (2536) decay, no two-peak structure.

20



Backup slides : Fit the lattice data of D;(2317,2460,2536)

(Ho+Hp)|¥) = E|¥)

Eigenvalues ~ Lattice levels

Lattice data from: C. B. Lang et al., Phys. Rev. D 90, 034510 (2014);
G. S. Bali et al., Phys. Rev. D 96, 074501 (2017)

Fit
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Backup slides : Component and pole mass

* Component

(Ho+Hp)|¥) = E|¥)

Vi) = ColB >+ Y Crlky)lalk,))

kn=2"7

Eigenvector _ Component

 Pole mass

In the infinite volume, the scattering T-matrix reads

Vo o (kB,q;E)T,, k' E
To 5k, K E) = Vo, s (kK5 B) + X, [ Pdg Yoot DT 05D

where the effective potential reads

Yo B (k)QE s (k)
E — mpg

Va,s(k, ks E) =)

B

+ V,_.f;ﬁ(k, k).

T-matrix ~WEESEESED  Pole mass

22
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