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MOTIVATON

1. Test of quark models.

Constituent quark models may be considered as a shortcut to
Quantum Field Theories, designed to explore the relevant
degrees of freedom, basic constituents and effective interactions.
Several versions agree more or less in the descripton of baryons
and mesons but they may disagree for dimesons (tetraguarks).
The most sensitive such system is the Tcc+=ccud = DD* dimeson
since it is slightly below the 2-body thresholds and is long-lived

(it decays only electromagnetically, and strongly into DDt
with very small phase space).

2. Understanding the width of the DD* dimeson.

3. Strong isospin violation.

The D**D° and D*°D* thresholds differ by 1.4 MeV, much more
than the binding energy -0.27 MeV, therefore Tcc+ will not have a

pure isospin coupling  Tcc+ # (D**DO - D*OD*)//2
and the actual composition may be seen in branching ratios.



1. BINDING ENERGY OF THE DD* ,,MOLECULE*“

In 2004 we predicted a weakly bound state Tcc+ of two

heavy mesons.

Janc & Rosina: Tcc+ — (D + D*) =-0.6 MeV (Bhaduri)
-2.7 MeV (Grenoble AL1)

It is a great satisfaction that it has been finally detected and

confirmed 17 years later in CERN in July 2021.

The nonrelativistic calculation of Janc & Rosina (2004)

used the one-gluon exchange potential (including the
chromomagnetic term) + the linear confining potential.

The model parameters fitted all relevant mesons and baryons.
A rich 4-body model space was used including gaussians of
Jacobi coordinats of different optimized widths and positions.



THE CERN EXPERIMENT

The tetraquark (mesonic molecule) T.* was produced

In the proton-proton collision at the Large Hadron Collider
and was detected as a narrow peak in the channel

T, — DOD** — DODOTT* — (K* 1) (K- 1) Tr*

The peak position is 273 keV below the D°D** threshold

(1683 keV below the D*D*0 threshold)
The deduced Breit-Wigner width is 410 keV.

A more advanced model using a unitarised Breit-Wigner

profile gives the peak at 360 keV below the D°D**

threshold and awidth ~48 keV

(Effective range of T*cc and other parameters
[LHCDb, arXiv:2109.01056], Mikhail Mikhasenko).
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Study of the doubly charmed tetraquark T+cc
LHCb collaboration, Nature Communications 13, 3351 (2022)

The decay structure via intermediate off-shell D**mesons is
consistent with the observed D. 1+ mass distribution. To analyse
the mass of the resonance and its coupling to the D*D system,
a dedicated model is developed under the assumption

of an isoscalar axial-vector T... state decaying to the D*D
channel. Using this model, resonance parameters including

the pole position, scattering length, effective range and
compositeness are determined to reveal important information
about the nature of the T... state.

This model is found to give an excellent description of the D.rt+

mass distribution in the T... - D.D. 1t+.decay and of the threshold
enhancements observed in the D.D.and D.D+ spectra.



Study of the doubly charmed tetraquark T+cc
LHCb collaboration, Nature Communications 13, 3351 (2022)

The decay structure via intermediate off-shell D** mesons is consistent with

the observed D, i+ mass distribution. To analyse the mass of the resonance

and its coupling to the D*D system, a dedicated model is developed under
the assumption of an isoscalar axial-vector T... state decaying to the D*D
channel. Using this model, resonance parameters including the pole
position, scattering length, effective range and compositeness are

determined to reveal important information about the nature of the T... state.

This model is found to give an excellent description of the D.t+ mass

distribution in the T.. - D.D. 1t+.decay

and of the threshold enhancements observed in the D.D.and D.D+ spectra.



2. THE WIDTH OF THE T_.* DIMESON

The width of the ch+ dimeson is not expected to differ considerably

from the widths of its constituent D*° and D**.
The width of D** is well measured (I' = 83.4 * 1.8 keV).

Unfortunately, reliable values of the D*° (< 2.1 MeV) and

T..'(< 410 keV) widths are not yet known

and at least theoretical estimates would be welcome.



PIONIC DECAYS OF D*+ AND D*0

MeV keV keV
D*+ — D+ 1m0, AE=5.62, =83.4, 0=25.6, BR=0.307, BR=1/3— 0.323

D*+ — DO m+, AE=5.86, '=83.4, +=56.5, BR=0.677, BR=2/3— 0.66
D*0 — DO m0, AE=7.03, '=55, [0=35.6,BR=0.647, BR=1/3— 0.647

D*0 —» D+ m-, AE=-2.38, '=55, T+=0, BR=0, BR=2/3— 0.

Theoretical values (from D** width; D**--> D*y and
D*0->DO% branching & chiral and isospin symmetry):

Eric Braaten, LI-Ping He, Kevin Ingles and Jun Jiang,
Charm=meson Triangle Singularity in e-e- Annihilation
into D*°D° + y,  arxiv.org/abs/2004.12841

Predictions based on isospin symmetry, phase space and
gamma decay fraction: D* —=> D0 +Vy + 142 MeV (35 %)

D*—=> D* +V + 141 MeV (2 %)



PIONIC DECAYS OF D*+ AND D*0

MeV keV keV
D*+ — D+ m0, AE=5.62, =83.4, 0=25.6, BR=0.307, BR=1/3— 0.323

D*+ — DO m+, AE=5.86, =83.4, +=56.5, BR=0.677, BR=2/3— 0.66
D*0 — DO m0, AE=7.03, =44, [0=28.6, BR=0.647, BR=1/3— 0.647
D*0 — D+ m-, AE=-2.38, =44, [+=0, BR=0, BR=2/3— 0

Predictions for isospin %2, BR.=0.984, and phase space o« +AE :

BR,x (¥ V5.62)/(¥s V5.62 + 24+/5.86 ) =0.323

BR,x (% V5.86)/(sV5.62 + 24/5.86 ) = 0.661

My estimate for D*0—-DO T10: [0=25.6%1/7.03/V5.62=28.6, =44 keV




TOY MODEL FOR THE Tcc+ WIDTH

(5 i) () = €2 )

MOTIVATION:

To understand the relation between the widths of

D** (83.4+1.8keV), D*(<2.1MeV)

And Tcc+ (410 +165 +45+ 38 keV OR SMALLER !?1)



TOY MODEL FOR THE Tcc+ WIDTH

(5 m Litay) () = €2 )

We count the energies from the lower threshold
D** D% m,=0, ', =83.4 keV

D* D*: m,=1.41MeV, I', = 55 keV or other trials
B =to fit E(Tcc+)=--273 keV or -360 keV

2E-il = (M, — iT4/2 + m, — il ,/2)

+ \/[m1 —iF/2 - (m, = iT,/2)]? + 4B2

We fix m;, m,, [';, and make different choices for I..
The coupling B is fitted to get E(Tcc+) =-273 keV or -360 keV






3. LARGE ISOSPIN VIOLATION.

The salient feature of this peak is its ISOSPIN VIOLATION
which is due to the fact that this state iIs 273 keV below the
DOD** threshold and 1683 keV below the D*D*° threshold.



An interesting effect is due to the charge splitting of
meson masses (isospin splitting) of the D**D°® and D*°D*
thresholds which differ by 1.4 MeV. Therefore Tcc+ will

not have a pure isospin coupling

Tcc+ # (D**DC - D*OD*)/\/2

and the actual composition may be seen in branching

ratios.



SUGGESTIONS HOW TO MEASURE
THE ISOSPIN BREAKING

(1) First one should better measure (very difficult!! )

or theoretically estimate the widths of D*° and Tcc+.

(i) One should compare the branching ratios of decays
via. DD** — DODOrt — (K- 1) (K- 11%) 117

and D*D* — D*Dm% — (K- %) (K- 11*) m°

(AND MANY SIMILRAR ONES).
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