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<latexit sha1_base64="soyg+rv8ayicndXm5L1/2wi+Dqg="></latexit>

mexp = mD⇤+D0 + �mexp

mD⇤+D0 = 3875.09MeV

�mexp = �273± 61± 5+11
�14 keV

� = 410± 165± 43+18
�38 keV

<latexit sha1_base64="kq5JyH1ncDTl+RgSO8A5ngRyjW8=">AAACCnicbVDLSgMxFM34rONr1KWbYBErLWWmiLopFN2oqwp9QTsdMmnahmYeJBmhDP0D/Rldibpz6Q/4N2bqgNp6uItz7zmBnOOGjAppmp/awuLS8spqZk1f39jc2jZ2dhsiiDgmdRywgLdcJAijPqlLKhlphZwgz2Wk6Y4uE715R7iggV+T45DYHhr4tE8xkurkGEe6XnNijCfdPOwUfiZ3062WrW6+AK/L5rGuO0bWLJpTwHlipSQLUlQd46PTC3DkEV9ihoRoW2Yo7RhxSTEjE70TCRIiPEID0lbURx4RdjwNNIGH/YBDOSRwuv/2xsgTYuy5yuMhORSzWnL8T2tHsn9ux9QPI0l8rCxK60cMygAmvcAe5QRLNlYEYU7VLyEeIo6wVO0l8a3ZsPOkUSpap8XS7Um2cpEWkQH74ADkgAXOQAVcgSqoAwwewBN4BW/avfaoPWsv39YFLX2zB/5Ae/8ChiCU8Q==</latexit>

T+
cc (JP = 1+, I = 0)

<latexit sha1_base64="r1ZSceS53Cusv9mR7PQbHcP0H6U="></latexit>

minimal quark content ! ccūd̄(D0D0⇡+)

R. Aaij et al. [LHCb], arXiv:2109.01038 [hep-ex]

A narrow peak was observed in the 𝐷!𝐷!𝜋" spectrum  at LHCb.
manifestly EXOTIC!

The measured mass and width are consistent with the expected

M. Karliner and J. L. Rosner, Phys. Rev. Lett. 119, 202001 (2017).

The exotic nature of  𝑻𝒄𝒄"
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Exotic hadrons: whatever hadron not consisting of the conventional quark-model 
configurations, i. e. , baryons (𝒒𝒒𝒒) and mesons (𝒒%𝒒).

• Baryons 

• Mesons

Pentaquarks (𝒒𝒒𝒒𝒒"𝒒)

meson-baryon bound state (molecule)Compact 5-quark system

Tetraquarks (𝒒"𝒒𝒒"𝒒) Glueballs

meson-meson bound state (molecule)Compact 4-quark system

The exotic nature of  𝑻𝒄𝒄"
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The exotic nature of  𝑻𝒄𝒄"

With all the information provided by the experimentalists, it seems plausible that the
measured state can have a molecular nature consisting of 𝑫∗𝑫 system.

This structure was anticipated by:
N. Li, Z.-F. Sun, X. Liu, and S.-L. Zhu, Phys. Rev. D 88, 114008 (2013)
M.-Z. Liu, T.-W. Wu, M. P. Valderrama, J.-J. Xie, and L.-S. Geng, Phys. Rev. D 99, 094018 (2019)
Z. M. Ding, H. Y. Jiang, and J. He, Eur. Phys. J. C 80, 1179 (2020)

The proximity of this state to the 𝑫∗𝑫 thresholds makes mandatory the consideration of these
channels in its study, as was shown in
X. K. Dong, F. K. Guo, and B. S. Zou, Phys. Rev. Lett. 126, 152001 (2021)

By analogy, one can also get information from 𝐷∗𝐷∗ molecular systems that were already studied
R. Molina, T. Branz, and E. Oset, Phys. Rev. D 82, 014010 (2010)
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• N. Li, Z. F. Sun, X. Liu, and S. L. ZHu, Chin. Phys. Lett. 38, 092001 (2021). 
reminder of a prediction for a molecular 𝐷∗𝐷 state whose mass matched 𝑀"#$ 𝑇%%& perfectly

• L. Meng, G. J. Wang, B. Wang, and S. L. Zhu, Phys. Rev. D 104, L051502 (2021).
𝐷∗&𝐷' and 𝐷∗'𝐷& coupled channels, Γ 𝑇%%& ≪ Γ"#$

• X. Z. Ling, M. Z. Liu, L. S. Geng, E. Wang, and J. J. Xie, Phys. Lett. B 826, 136897 (2022).
single channel 𝐷∗𝐷 molecule, Γ 𝑇%%& ≪ Γ"#$

• S. S. Agaev, K. Azizi, and H. Sundu, Nucl. Phys. B 975, 115650 (2022). 
QCD sum rules, 𝑀 𝑇%%& = 3868 ± 124 MeV

• A. Feijoo, W. H. Liang and E. Oset, Phys. Rev. D 104, no.11, 114015 (2021).
𝐷∗&𝐷' and 𝐷∗'𝐷& coupled channels, very approximately isoscalar state, Γ 𝑇%%& ≪ Γ"#$

This important experimental breakthrough sparked a growing interest in the theoretical community:

The exotic nature of  𝑻𝒄𝒄"
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<latexit sha1_base64="isT9Q99/MvD3DWn6qdjbD6zlM4g="></latexit>

�mexp = �360± 40+4
�0 keV

� = 48± 2+0
�14 keV.

R. Aaij et al. [LHCb], arXiv:2109.01056 [hep-ex]

LHCb Coll. re-analyzed the raw data theoretically employing a unitarized three-body Breit-
Wigner and taking into account the experimental resolution.

Notable difference with previous values!

<latexit sha1_base64="TP/xnwZ6lFEbjjzl3mIoybWKQ7c=">AAAB93icbVDJTsMwEHXKVsIWlhsXiwqJU5VUCDhWcOFYJLpIbVQ57qS16iyyHaQQ5VvghIAb/8EP8Dc4IQdoeZd5M++NNPO8mDOpbPvLqK2srq1v1DfNre2d3T1r/6Ano0RQ6NKIR2LgEQmchdBVTHEYxAJI4HHoe/ObQu8/gJAsCu9VGoMbkGnIfEaJ0qOxdWSalI48IrIkL8skN82x1bCbdgm8TJyKNFCFztj6HE0imgQQKsqJlEPHjpWbEaEY5ZCbo0RCTOicTGGoaUgCkG5WXp/jUz8SWM0Al/1vb0YCKdPA056AqJlc1Irhf9owUf6Vm7EwThSEVFu05iccqwgXIeAJE0AVTzUhVDB9JaYzIghVOqrifWfx2WXSazWdi2br7rzRvq6CqKNjdILOkIMuURvdog7qIooe0TN6Q+9GajwZL8brj7VmVDuH6A+Mj2/YDpHo</latexit>

ccūd̄

<latexit sha1_base64="wBrDM841rakFz92gZrXue1duWmc=">AAACBnicbVDLSgNBEJyNr7i+oh69DAZBUMJuFPUSCHoxtwh5QTaG2UknGTL7YGZWCGvu+jN6EvXmB/gD/o2zcQ+aWKfqrmroKjfkTCrL+jIyC4tLyyvZVXNtfWNzK7e905BBJCjUacAD0XKJBM58qCumOLRCAcRzOTTd0VWiN+9ASBb4NTUOoeORgc/6jBKlV91c3jRr3ZjSye0RdlSA7ysl6xhXuiclyxHEH3AwTe2yCtYUeJ7YKcmjFNVu7tPpBTTywFeUEynbthWqTkyEYpTDxHQiCSGhIzKAtqY+8UB24mmYCT7oBwKrIeDp/NsbE0/Ksedqj0fUUM5qyfI/rR2p/kUnZn4YKfCptmitH3Gs8yad4B4TQBUfa0KoYPpLTIdEEKp0c0l8ezbsPGkUC/ZZoXhzmi9fpkVk0R7aR4fIRueojK5RFdURRY/oGb2hd+PBeDJejNcfa8ZIb3bRHxgf34OVleE=</latexit>

T+
cc ! |I = 0, I3 = 0i

<latexit sha1_base64="EnXL1KQGatTTtZuQZ4hfcNDpZpI=">AAACBnicbVDLSgNBEJyNr7i+oh69DAZBUMJuFPUSCHoxtwh5QTaG2UknGTL7YGZWCGvu+jN6EvXmB/gD/o2zcQ+aWKfqrmroKjfkTCrL+jIyC4tLyyvZVXNtfWNzK7e905BBJCjUacAD0XKJBM58qCumOLRCAcRzOTTd0VWiN+9ASBb4NTUOoeORgc/6jBKlV91c3jRr3ZjSye0RdlSA7ysl+xhXuiclyxHEH3AwTe2yCtYUeJ7YKcmjFNVu7tPpBTTywFeUEynbthWqTkyEYpTDxHQiCSGhIzKAtqY+8UB24mmYCT7oBwKrIeDp/NsbE0/Ksedqj0fUUM5qyfI/rR2p/kUnZn4YKfCptmitH3Gs8yad4B4TQBUfa0KoYPpLTIdEEKp0c0l8ezbsPGkUC/ZZoXhzmi9fpkVk0R7aR4fIRueojK5RFdURRY/oGb2hd+PBeDJejNcfa8ZIb3bRHxgf34UjleI=</latexit>

T+
cc ! |I = 1, I3 = 0i

<latexit sha1_base64="B/T8/ovIVCQTWiUxW/5L/jy506s=">AAACHnicdZBLSwMxFIUz9VXH16hLN8EiVCplRnzipuhGdwrWCm0tmfS2Dc08SO4IZZj/on9GN4q603/jTK3g80Dgyz0nkHPdUAqNtv1m5MbGJyan8tPmzOzc/IK1uHShg0hxqPJABurSZRqk8KGKAiVchgqY50qouf2jzK9dg9Ii8M9xEELTY11fdARnmI5a1oFpFs9bMefJlb0xgtInxKVSsk4bGzQ7cUN59EQHqEQoARPTbFkFu7xtO/s7Dv0NTtkeqkBGOm1ZD412wCMPfOSSaV137BCbMVMouITEbEQaQsb7rAv1FH3mgW7Gw5IJXesEimIP6PD+NRszT+uB56YZj2FP//Sy4V9ePcLOXjMWfhgh+DyNpF4nkhQDmu2KtoUCjnKQAuNKpL+kvMcU45huNKv/2ZH+DxebZWenvHm2VagcjhaRJytklRSJQ3ZJhRyTU1IlnNySe/JMXowb4854NJ4+ojlj9GaZfJPx+g7Z4p/Q</latexit>

(T 0
cc, T

+
cc , T

++
cc ) Isotriplet

<latexit sha1_base64="soyg+rv8ayicndXm5L1/2wi+Dqg="></latexit>

mexp = mD⇤+D0 + �mexp

mD⇤+D0 = 3875.09MeV

�mexp = �273± 61± 5+11
�14 keV

� = 410± 165± 43+18
�38 keV

R. Aaij et al. [LHCb], arXiv:2109.01038 

Isoscalar or isovector nature?

The exotic nature of  𝑻𝒄𝒄"
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R. Aaij et al. [LHCb], arXiv:2109.01056 [hep-ex]

<latexit sha1_base64="TP/xnwZ6lFEbjjzl3mIoybWKQ7c=">AAAB93icbVDJTsMwEHXKVsIWlhsXiwqJU5VUCDhWcOFYJLpIbVQ57qS16iyyHaQQ5VvghIAb/8EP8Dc4IQdoeZd5M++NNPO8mDOpbPvLqK2srq1v1DfNre2d3T1r/6Ano0RQ6NKIR2LgEQmchdBVTHEYxAJI4HHoe/ObQu8/gJAsCu9VGoMbkGnIfEaJ0qOxdWSalI48IrIkL8skN82x1bCbdgm8TJyKNFCFztj6HE0imgQQKsqJlEPHjpWbEaEY5ZCbo0RCTOicTGGoaUgCkG5WXp/jUz8SWM0Al/1vb0YCKdPA056AqJlc1Irhf9owUf6Vm7EwThSEVFu05iccqwgXIeAJE0AVTzUhVDB9JaYzIghVOqrifWfx2WXSazWdi2br7rzRvq6CqKNjdILOkIMuURvdog7qIooe0TN6Q+9GajwZL8brj7VmVDuH6A+Mj2/YDpHo</latexit>

ccūd̄

<latexit sha1_base64="wBrDM841rakFz92gZrXue1duWmc=">AAACBnicbVDLSgNBEJyNr7i+oh69DAZBUMJuFPUSCHoxtwh5QTaG2UknGTL7YGZWCGvu+jN6EvXmB/gD/o2zcQ+aWKfqrmroKjfkTCrL+jIyC4tLyyvZVXNtfWNzK7e905BBJCjUacAD0XKJBM58qCumOLRCAcRzOTTd0VWiN+9ASBb4NTUOoeORgc/6jBKlV91c3jRr3ZjSye0RdlSA7ysl6xhXuiclyxHEH3AwTe2yCtYUeJ7YKcmjFNVu7tPpBTTywFeUEynbthWqTkyEYpTDxHQiCSGhIzKAtqY+8UB24mmYCT7oBwKrIeDp/NsbE0/Ksedqj0fUUM5qyfI/rR2p/kUnZn4YKfCptmitH3Gs8yad4B4TQBUfa0KoYPpLTIdEEKp0c0l8ezbsPGkUC/ZZoXhzmi9fpkVk0R7aR4fIRueojK5RFdURRY/oGb2hd+PBeDJejNcfa8ZIb3bRHxgf34OVleE=</latexit>

T+
cc ! |I = 0, I3 = 0i

<latexit sha1_base64="EnXL1KQGatTTtZuQZ4hfcNDpZpI=">AAACBnicbVDLSgNBEJyNr7i+oh69DAZBUMJuFPUSCHoxtwh5QTaG2UknGTL7YGZWCGvu+jN6EvXmB/gD/o2zcQ+aWKfqrmroKjfkTCrL+jIyC4tLyyvZVXNtfWNzK7e905BBJCjUacAD0XKJBM58qCumOLRCAcRzOTTd0VWiN+9ASBb4NTUOoeORgc/6jBKlV91c3jRr3ZjSye0RdlSA7ysl+xhXuiclyxHEH3AwTe2yCtYUeJ7YKcmjFNVu7tPpBTTywFeUEynbthWqTkyEYpTDxHQiCSGhIzKAtqY+8UB24mmYCT7oBwKrIeDp/NsbE0/Ksedqj0fUUM5qyfI/rR2p/kUnZn4YKfCptmitH3Gs8yad4B4TQBUfa0KoYPpLTIdEEKp0c0l8ezbsPGkUC/ZZoXhzmi9fpkVk0R7aR4fIRueojK5RFdURRY/oGb2hd+PBeDJejNcfa8ZIb3bRHxgf34UjleI=</latexit>

T+
cc ! |I = 1, I3 = 0i

<latexit sha1_base64="zV/eSKmsW5H6HTIbWKFimK7AydI=">AAACAHicbVDLSsNAFJ3UV42vqEsRBosgBkpSRF0WdeGyQl/QpmEynbRDJw9mJkIJ2ejP6ErUnd/gD/g3TmoW2nrgwrn3nIE5x4sZFdKyvrTS0vLK6lp5Xd/Y3NreMXb32iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjTa5zvXNPuKBR2JTTmDgBGoXUpxhJdXKNQ73pphhng9Q0M9iXEbwZmGrSUzPTddeoWFVrBrhI7IJUQIGGa3z2hxFOAhJKzJAQPduKpZMiLilmJNP7iSAxwhM0Ij1FQxQQ4aSzGBk89iMO5ZjA2f7bm6JAiGngKU+A5FjMa/nxP62XSP/SSWkYJ5KEWFmU5icMqpx5G3BIOcGSTRVBmFP1S4jHiCMsVWd5fHs+7CJp16r2ebV2d1apXxVFlMEBOAInwAYXoA5uQQO0AAaP4Bm8gXftQXvSXrTXH2tJK97sgz/QPr4BAjqT/w==</latexit>

T++
cc ! D+D⇤+

The exotic nature of  𝑻𝒄𝒄"
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The basis considered consist of these 2 channels:
<latexit sha1_base64="cMf3ptPNMNGsj2FzgWKpNyS6ouc=">AAAB+nicbZDLTsJAFIaneEO8VV24cDORmBgxpCVGXRJl4RITuSRQyHQ4wITpJTNTE1L7Mroy6s7H8AV8G6fYhYJn9c35/0nO/7shZ1JZ1peRW1peWV3Lrxc2Nre2d8zdvaYMIkGhQQMeiLZLJHDmQ0MxxaEdCiCey6HlTm5SvfUAQrLAv1fTEByPjHw2ZJQoveqbB7VefFpKcK1nneGUrZRLhb5ZtMrWbPAi2BkUUTb1vvnZHQQ08sBXlBMpO7YVKicmQjHKISl0IwkhoRMygo5Gn3ggnXgWIMHHw0BgNQY8e//2xsSTcuq52uMRNZbzWrr8T+tEanjlxMwPIwU+1RatDSOOVYDTHvCACaCKTzUQKpi+EtMxEYQq3VYa354PuwjNStm+KFfuzovV66yIPDpER+gE2egSVdEtqqMGoihBz+gNvRuPxpPxYrz+WHNG9mcf/Rnj4xsvLpFF</latexit>

D⇤+D0, D⇤0D+

<latexit sha1_base64="VvFqJiLAtwS0H8xeqEZAkxnx4sQ="></latexit>

LV PP = �ig h[P, @µP ]V µi
LV V V = ig h(V ⌫@µV⌫ � @µV

⌫V⌫)V
µi

The interaction is derived from hidden gauge Lagrangians.  
P and V are the SU(4) field matrixes (pseudoscalars and 
vector mesons).

At the end of the day, the s-wave projection of the interaction kernel comes as:
<latexit sha1_base64="e61MilHpKYHJ+PL5tWIrbHTqkTs="></latexit>

Vij = Cij g
2 1

2
[3s� (M2 +m2 +M 02 +m02)� 1

s
(M2 �m2)(M 02 �m02)]~✏ · ~✏ 0

<latexit sha1_base64="BPFXBrVn0f/f+aifFh4390Kk6ts=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4EJKUkTdCEU3boQK9gJNCJPpSTt0cmFmIpSYh9GVqDtfwxfwbZzULLT1X31z/n/gnN9POJPKsr6MhcWl5ZXVylp1fWNza9vc2e3IOBUU2jTmsej5RAJnEbQVUxx6iQAS+hy6/vi68LsPICSLo3s1ScANyTBiAaNE6ZFn7leH+BI7gSA0u/U6edZwToK86pk1q25NhefBLqGGSrU889MZxDQNIVKUEyn7tpUoNyNCMcohrzqphITQMRlCX2NEQpBuNt0/x0dBLLAaAZ6+f2czEko5CX2dCYkayVmvGP7n9VMVXLgZi5JUQUR1RHtByrGKcVEDHjABVPGJBkIF01tiOiK6BaXLKs63Z4+dh06jbp/VG3enteZVWUQFHaBDdIxsdI6a6Aa1UBtR9Iie0Rt6NzLjyXgxXn+iC0b5Zw/9kfHxDWX0kiU=</latexit>

g =
MV

2 f

<latexit sha1_base64="87cH3NJKfc4wG+hMaXh9Nh1++Xc="></latexit>

Cij =

 1
M2

J/ 

1
m2
⇢

1
m2
⇢

1
M2

J/ 

!

D∗0 D∗0

D+ D+

J/ψ

(b)

D∗+ D∗0

D0 D+

ρ+

(c)

D∗+ D∗+

D0 D0

J/ψ

(a)

p1

p2

p3

p4

𝑫∗𝑫 molecule: Formalism 
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<latexit sha1_base64="87cH3NJKfc4wG+hMaXh9Nh1++Xc="></latexit>

Cij =

 1
M2

J/ 

1
m2
⇢

1
m2
⇢

1
M2

J/ 

!
None of the couplings connecting the 
channels individually is negative (and 
weak)!!!
We need an attractive interaction to 
have a bound state…

…but if we take the isospin combinations
<latexit sha1_base64="I5G7h4+mcE4oT56pvIm7tWcIocY="></latexit>

(D+, �D0) ! |I =
1

2
, I3 =

1

2
i,�|I =

1

2
, I3 = �1

2
i

(D⇤+, �D⇤0) ! |I =
1

2
, I3 =

1

2
i,�|I =

1

2
, I3 = �1

2
i

<latexit sha1_base64="toK+10IQkOjjn+ifoNTs5DKex5U="></latexit>

|D⇤D, I = 0i = � 1p
2
(D⇤+D0 �D⇤0D+)

|D⇤D, I = 1, I3 = 0i = � 1p
2
(D⇤+D0 +D⇤0D+)

<latexit sha1_base64="EY7dRs+J7IN/BcXgA75YFzubaaE="></latexit>

CI1I2 =

 
C00 C01

C11 C11

!

<latexit sha1_base64="7HYyzF7WXrmKx2kYkt//l2vMKDk="></latexit>

C00 =
1

M2
J/ 

� 1

m2
⇢

< 0

C11 =
1

M2
J/ 

+
1

m2
⇢

> 0

C01 = 0

!!!

𝑫∗𝑫 molecule: Formalism 
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D
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Unitarized T-matrix from coupled-channel Bethe-Salpeter equation solved through On-shell factorization and 
following cutoff regularization scheme:

𝑞%&' is the cutoff in the three momentum and the only parameter of
the model. Its value has been tuned to get the experimental binding
(𝑞%&' = 420 MeV).

<latexit sha1_base64="Yuxi/GhjUkQ9w/xMAjo6QDFtBC8=">AAAB9nicbZDNTsJAFIVv8Q/rX5Wlm4nExA2kJUbdmBBd6BITKCSlkukwhQnTn8xMjaThVXRl1J0P4gv4NrbYhYJn9c09Z5J7jxdzJpVpfmmlldW19Y3ypr61vbO7Z+wf2DJKBKEdEvFI9DwsKWch7SimOO3FguLA47TrTa5zv/tAhWRR2FbTmLoBHoXMZwSrbDQwKnr70rFq9o17n9asGUK2rg+Mqlk350LLYBVQhUKtgfHZH0YkCWioCMdSOpYZKzfFQjHC6UzvJ5LGmEzwiDoZhjig0k3ny8/QsR8JpMYUzd+/sykOpJwGXpYJsBrLRS8f/uc5ifIv3JSFcaJoSLJI5vkJRypCeQdoyAQlik8zwESwbEtExlhgorKm8vOtxWOXwW7UrbN64+602rwqiijDIRzBCVhwDk24hRZ0gMAUnuEN3rVH7Ul70V5/oiWt+FOBP9I+vgFgn4+x</latexit>

T = [1� V G]�1V

<latexit sha1_base64="IPbSiqSgXdAvvdEAyouxmZFiWo0="></latexit>

Gl =

Z qmax

0

q2dq

(2⇡)2
!1 + !2

!1!2 [s� (!1 + !2)2 + i✏]

Finite width for a state below the 𝑫∗𝑫 thresholds requires the consideration of the width of the
𝑫∗ states. This is accomplished performing a convolution of the G functions with the spectral function
(mass distribution) of the 𝑫∗ states.

𝑫∗𝑫 molecule: Formalism 
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<latexit sha1_base64="gaAZMhYtrJBGKZ1CMq2OV0wZC+s="></latexit>

�D⇤+(Minv) = �(D⇤+)

✓
mD⇤+

Minv

◆2
"
2

3

✓
p⇡

p⇡,on

◆3

+
1

3

✓
p0⇡

p0⇡,on

◆3
#

<latexit sha1_base64="utvElbPSgAiVSSuE+GLXc/C+FhQ="></latexit>

d�

dM2
12 dM2

23

=
1

2

1

(2⇡)3
1

s3/2
|t|2

<latexit sha1_base64="4YL4JnS4/orRdj+EQfVJRrHncwE="></latexit>

t =CT (
p
s)


~✏ · (~p1 � ~p2)

M2
12 �m2

D⇤+ + iM12�D⇤+(M12)
+

~✏ · (~p3 � ~p2)

M2
23 �m2

D⇤+ + iM23 �D⇤+(M23)

�

<latexit sha1_base64="vP9/BWglamtgc5KowfUcotia47o=">AAACDXicbVDLSgNBEJz1GdfXqkcvg0GQCGE3iHoMmoPHCHlBsgmzk04yZPbhzGwgLPkG/Rk9iXrz4g/4N07iIppYp+quaugqL+JMKtv+NJaWV1bX1jMb5ubW9s6utbdfk2EsKFRpyEPR8IgEzgKoKqY4NCIBxPc41L3h9VSvj0BIFgYVNY7A9Uk/YD1GidKrjpWr4BbcxWyEK52k1E5yp5NS28YtFeKfaWKaJjbNjpW18/YMeJE4KcmiFOWO9dHqhjT2IVCUEymbjh0pNyFCMcphYrZiCRGhQ9KHpqYB8UG6ySzTBB/3QoHVAPBs/u1NiC/l2Pe0xydqIOe16fI/rRmr3qWbsCCKFQRUW7TWiznWWafV4C4TQBUfa0KoYPpLTAdEEKp0gdP4znzYRVIr5J3zfOH2LFu8SovIoEN0hE6Qgy5QEd2gMqoiih7QE3pFb8a98Wg8Gy/f1iUjvTlAf2C8fwG5RpgD</latexit>

T ⌘ TD⇤+D0!D⇤+D0

Theoretical calculation of the width for 𝑇((" state

Tcc (P )

D∗+

D0 (p3)

π+ (p2)

D0 (p1)
𝑫∗𝑫 molecule: Formalism 
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D*+D0 thresh.
D*0D+ thresh.

3874 3874.5 3875 3875.5 3876 3876.5

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

R. Aaij et al. [LHCb], arXiv:2109.01056 [hep-ex] Feijoo, Liang and Oset, Phys. Rev. D 104, no.11, 114015 (2021)

<latexit sha1_base64="MThtsJFhvi/q6p+yaD+YtsDJet8=">AAACB3icbVC7TsNAEDzzDOYVoKQ5EZCoIhsioIyggDJI5CHFUXQ+NuSUO9vcrRGRFXr4GagQ0NHzA/wNl5ACCFPN7sxKOxMmUhj0vE9nanpmdm4+t+AuLi2vrObX1msmTjWHKo9lrBshMyBFBFUUKKGRaGAqlFAPeydDvX4D2og4usB+Ai3FriLREZyhXbXz28EpU4oFRii4pqV9ehcg3KJWWQ9qA9eCum47X/CK3gh0kvhjUiBjVNr5j+Ay5qmCCLlkxjR9L8FWxjQKLmHgBqmBhPEeu4KmpRFTYFrZKM2A7nRiTbELdDT/9GZMGdNXofUohl3zVxsu/9OaKXaOWpmIkhQh4tZitU4qKcZ0WAq9FBo4yr4ljGthv6S8yzTjaKsbxvf/hp0ktb2if1DcOy8VysfjInJkk2yRXeKTQ1ImZ6RCqoSTB/JEXsmbc+88Os/Oy7d1yhnfbJBfcN6/AIWulwg=</latexit>

� ' 43 keV
<latexit sha1_base64="BC+3UwZEcvanmzLmGZudk+km7Qw=">AAACG3icbVDLSsNAFJ3UV42vqks3g0UQxJKUot0IRRe6rGAf0LRlMr1th84kYWYilhD/RH9GV1LdufBvTGoX2npW595zLtxz3IAzpS3ry8gsLa+srmXXzY3Nre2d3O5eXfmhpFCjPvdl0yUKOPOgppnm0AwkEOFyaLijq1Rv3INUzPfu9DiAtiADj/UZJTpZdXNl55oIQTqRIwWGhyDGF7hUxk4gcLETnVhxNzq1S/HjVB9BPTZTYNPs5vJWwZoCLxJ7RvJohmo3N3F6Pg0FeJpyolTLtgLdjojUjHKITSdUEBA6IgNoJdQjAlQ7miaM8VHfl1gPAU/n396ICKXGwk08guihmtfS5X9aK9T9cjtiXhBq8GhiSbR+yLH2cVoU7jEJVPNxQgiVLPkS0yGRhOqkzjS+PR92kdSLBfusULwt5SuXsyKy6AAdomNko3NUQTeoimqIomf0it7Rh/FkvBhvxuTHmjFmN/voD4zPb64EnT8=</latexit>

�exp = 48± 2+0
�14 keV

𝑫∗𝑫 molecule: Results



The problem was addressed in the same way, yet with its own peculiarities:
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𝑩∗𝑩 molecule: Formalism 

The observation of the 𝒄𝒄%𝒖%𝒅 tetraquark close to 𝑫∗"𝑫𝟎 threshold further supports the existence 
of a 𝒖𝒅%𝒃%𝒃 tetraquark that is stable with respect to the strong and electromagnetic interactions.  

The former study has been extended to the bottom sector to make a prediction for a 𝐵∗𝐵 counterpart state
L. R. Dai, E. Oset, A. F., R. Molina, L. Roca, A. M. Torres and K. P. Khemchandani, arXiv:2201.04840 [hep-ph]

<latexit sha1_base64="DrI/ZJHz0ZXv08qxgrJX07vVRWk="></latexit>

mB+ = 5279.23MeV

mB0 = 5279.65MeV

mB⇤ = 5324.70MeV

<latexit sha1_base64="qCKTgxH/E+L5/xxMfUbwNmOHkTc=">AAACCnicbVC7TsMwFHXKq4RXgBGELCoEgqpKOgBjVRbGVqIPqQ2V47qtVech20Gqooxs8DOwFAEbIz/AN/ATOGkHaDmLz73nXMnnOAGjQprml5ZZWFxaXsmu6mvrG5tbxvZOXfghx6SGfebzpoMEYdQjNUklI82AE+Q6jDSc4VWiN+4IF9T3buQoILaL+h7tUYykWnWM4wiWb6PTs1g9Zh628+loJuMZjPUJoK53jJxZMFPAeWJNSa60P65+3x+MKx3js931cegST2KGhGhZZiDtCHFJMSOx3g4FCRAeoj5pKeohlwg7SgPF8KjncygHBKbzb2+EXCFGrqM8LpIDMasly/+0Vih7l3ZEvSCUxMPKorReyKD0YdIL7FJOsGQjRRDmVP0S4gHiCEvVXhLfmg07T+rFgnVeKFZVD2UwQRbsgUNwAixwAUrgGlRADWDwCJ7BG3jXHrQn7UV7nVgz2vRmF/yB9vEDOzSX1A==</latexit>

B⇤+B0, B⇤0B+

B⇤+

B0

V

B⇤+

B0

(a)

B⇤0

B+

V

B⇤0

B+

(b)

B⇤+

B0

V

B⇤0

B+

(c)

Different characters
The only surviving mechanism of the interaction
is the one depicted by diagram (c)

no 𝒒"𝒒 light vector meson 
can be exchanged 

<latexit sha1_base64="LLdGx9PR5H3Wwtbwhj4n6HH8UuI="></latexit>

Cij =

 
0 1

m2
⇢

1
m2

⇢
0

!
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𝑩∗𝑩 molecule: Formalism 

Isoscalar or isovector???
<latexit sha1_base64="XFp55gE05/kGROoysriSCBtK6aI="></latexit>

|B⇤B, I = 0i = 1p
2

�
B⇤+B0 �B⇤0B+

�

|B⇤B, I = 1, I3 = 0i = 1p
2

�
B⇤+B0 +B⇤0B+

�

<latexit sha1_base64="KbtCjCUe8TxAf3ff5Usonu2GK6Y="></latexit>

CI1I2 =

 
C00 C01

C10 C11

!
<latexit sha1_base64="gPw8lnLhw66CkSSuSCKquJ7OB7M=">AAACHnicbZBLS8NAFIUnPmt8RV26GSyKG0tSRAUpFLtxWcE+oIlhMp20QycPZiZCCfkv+md0o6g7/TdOYhbaeldn7ncG7jlezKiQpvmlLSwuLa+sVtb09Y3NrW1jZ7crooRj0sERi3jfQ4IwGpKOpJKRfswJCjxGet6klfPePeGCRuGtnMbECdAopD7FSKqVa1wewZabmmbWOLF9jnBqZWlwV3dtPo4y29YLbFlZY57qrlE1a2YxcF5YpaiCctqu8WIPI5wEJJSYISEGlhlLJ0VcUsxIptuJIDHCEzQiAyVDFBDhpEXIDB76EYdyTGDx/u1NUSDENPCUJ0ByLGZZvvyPDRLpXzgpDeNEkhAri2J+wqCMYN4VHFJOsGRTJRDmVF0J8RipHqRqNI9vzYadF916zTqr1W9Oq82rsogK2AcH4BhY4Bw0wTVogw7A4BE8g3fwoT1oT9qr9vZjXdDKP3vgz2if31xwoL4=</latexit>

C00 = � 1

m2
⇢

C11 =
1

m2
⇢

I=0 bound state

Width for the doubly bottom state
• The width is expected to be much smaller than in the doubly charm case

only

• New strategy: we take into account the electromagnetic decay directly in the loop (instead
of the convolution of the G with the spectral function).

<latexit sha1_base64="Ekh/aruJFRCJnA4GfiCtoBT7Dd0=">AAAB9HicbVC7TgJBFL3rE/EFWmrMRGJiLMguhVoSbCwhkUfCrmR2GGDCzO5mZhZDCKV/oZVRO2s+wh/wG/wJZ4FCwVOde8+5yT3HjzhT2ra/rJXVtfWNzdRWentnd28/kz2oqTCWhFZJyEPZ8LGinAW0qpnmtBFJioXPad3v3yR6fUClYmFwp4cR9QTuBqzDCNZm1cpkS/cXyNUhKiG3i4XA6VYmZ+ftKdAyceYkVzyeVL4fTyblVubTbYckFjTQhGOlmo4daW+EpWaE03HajRWNMOnjLm0aGmBBlTeavj5GZ51QIt2jaDr/9o6wUGoofOMRWPfUopYs/9Oase5ceyMWRLGmATEWo3VijkzIpAHUZpISzYeGYCKZ+RKRHpaYaNNTEt9ZDLtMaoW8c5kvVEwPJZghBUdwCufgwBUU4RbKUAUCD/AMb/BuDawn68V6nVlXrPnNIfyB9fEDg1iTrA==</latexit>

B⇤ ! B�

B*

B

γ

B

P

q

P−q

B*

<latexit sha1_base64="fsGBSX42r/RwnkhbTqkdzu+MC4c="></latexit>
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1
p
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𝑩∗𝑩 molecule: Results

<latexit sha1_base64="BDC5infSFzbx5rDXir/SsGC+ECM="></latexit>

T11 =
g21

s� sR + iMR�R
) �R = �g21Im{T11}

MR|T11|2

<latexit sha1_base64="fxzqmMtk/rAj074Q2Ch9bj0D8/0=">AAACD3icbVDLTgIxFL2Diji+UJduGokJJEpmWKgbEqIbl2jkkQCZdEqBQueRtmNCJsRv0A/wI9zoyqg7E3/Av7E8FgqezT33ntOk57ghZ1JZ1reRWFpeSa6m1sz1jc2t7fTOblUGkSC0QgIeiLqLJeXMpxXFFKf1UFDsuZzW3MHFWK/dUiFZ4N+oYUhbHu76rMMIVvrkpI+6DkNdp19scuY5sURNFSDpXI9QVh7rmVNOzPqjrMyZpumkM1bemgAtEntGMqUiJB/vnnplJ/3VbAck8qivCMdSNmwrVK0YC8UIpyOzGUkaYjLAXdrQ1Mcela14kmqEDjuBQKpH0WT/7Y2xJ+XQc7XHw6on57Xx8T+tEanOWStmfhgp6hNt0Von4khnHpeD2kxQovhQE0wE079EpIcFJkpXOI5vz4ddJNVC3j7JF650D+cwRQr24QCyYMMplOASylABAg/wAu/wYdwbz8ar8Ta1JozZmz34A+PzB2FonTE=</latexit>

gigj = lim
s!sR

(s� sR)tij(s)
<latexit sha1_base64="rHfu1eyXh02sXDxGauBTdJS8tLg=">AAAB/HicbVBLSgNBFOyJvxh/UVeiSGMQXEiYCaJuhKAbN0IC5gNJCD2dl6RJ98zY3SOGIbryJroSdSc5hBfwDF7CzmehibWq96oevCo34Exp2/6yYjOzc/ML8cXE0vLK6lpyfaOo/FBSKFCf+7LsEgWceVDQTHMoBxKIcDmU3M7FQC/dglTM9651N4CaIC2PNRkl2qzqya2belSVAgty1zs7ytjVQ3wFxYRBPZmy0/YQeJo4Y5LK7vTz34+7/Vw9+Vlt+DQU4GnKiVIVxw50LSJSM8qhl6iGCgJCO6QFFUM9IkDVomGEHt5v+hLrNuDh/NsbEaFUV7jGI4huq0ltsPxPq4S6eVqLmBeEGjxqLEZrhhxrHw+awA0mgWreNYRQycyXmLaJJFSbvgbxncmw06SYSTvH6Uze9HCORoijbbSHDpCDTlAWXaIcKiCKHtAzekPv1r31ZL1YryNrzBrfbKI/sD5+AOlSlfw=</latexit>

qmax = 420MeV

L. R. Dai, E. Oset, A. F., R. Molina, L. Roca, A. M. Torres 
and K. P. Khemchandani, arXiv:2201.04840 [hep-ph]
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Summary

We have also studied the interaction of the 𝑩∗𝑩 system with an extension of the local hidden
gauge approach.

A bound 𝑱𝑷 = 𝟏" state was found in 𝑰 = 𝟎, with a binding energy around 20 MeV and a width of
14 eV.

The accuracy of the former prediction using the present framework could encourage the
experimental search for this state.

We get a molecular state of 𝑫∗"𝑫𝟎, 𝑫∗𝟎𝑫" with a mixing that corresponds very approximately
to an 𝑰 = 𝟎 singlet.

The interaction has been derived from an extensión of the local hidden gauge framework.

The obtained decay width of such a state to 𝑫𝟎𝑫𝟎𝝅, as well as the reproduction of its invariant
mass distribution, are in remarkable agreement with the analysis of the data reported by LHCb
Collaboration.
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Thank you for your attention!


