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Introduction of exotic states
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Exotic hadrons in quark model
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A simpler and more elegant scheme can be

constructed if we allow non-integral values for the 6)

charges. We can dispense entirely with the basic In general, we would expect that btaryons are built rnot only Iror the rreduct
baryon b if we aslsig'n to tlhe triptet t the followi:ll.g of three aces, AAA, but also fro -AAAA.A, _AAA.A.AM, etc,, Wwhere 4
properties: spin 3, z = -3, and baryorll numberlg. _ o e . i
We then refer to the members u3, d-3, and s-3 of denotes an anti-ace, Similarly, mesons could be formed from o AAAA
the triplet as "quarks" 6) g and the members of the etc. For the low mass mesons and baryons we will assume the simplest
anti-triplet as anti-quarks §. Baryons can now be possibilities, XA and AAA, that is, "deuces and treys",

constructed from quarks by using the combinations
(@aa), laaaaqd), letc., while mesons are made out
of {qq)) (@aqqa), etc. It is assuming that the lowest

baryon configwration (qqq) gives just the represen- Phys.Lett. 8 (1964) 214-215 10.17181/CERN-TH-412
tations 1, 8§, 10 that have been observed, while

the lowest meso\configuration (g q) similarly gives

just 1 and 8.

multiquark states: qq4q , qqq(qq), etc. =————> Exotic hadrons
They are allowed by quark model and QCD.
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! (c) compact tetraquark (d) compact pentaquark
’ q i q q

tightly bound by the strong interaction

(b) baryon ' (f) hybrid state

/ * : ; weakly bound by the residual

/ n \ 0 Y strong interaction
: | 7 ’

Conventional hadrons /’ ‘,

(g) weakly-bound hadronic molecules

Exotic hadrons

: ] The picture is taken from Rept.Prog.Phys. 86 (2023) 2, 026201
More review papers:

Phys.Rept. 668 (2017) 1-97, Rev.Mod.Phys. 90 (2018) 1, 015004, Phys.Rept. 873 (2020) 1-154, Phys.Rept. 1001 (2023) 1-66 ...
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The first observation of T;.,(2870)°
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Phys.Rev.D 102 (2020) 112003 The first observation of manifestly exotic

Phys.Rev.Lett. 125 (2020) 242001 candidates with a single charm quark !

,ﬁ‘MHU\-“"‘

CENTRAL CHINA NORMAL UNIVERSITY

--------------- w(3770) - D* D~
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X ,(2900) - D K*
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............ - Nonresonant

———-

_____

open-charm tetraquark
candidate




The observation of T,(2870)° @ Ftif
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Phys.Rev.Lett. 134 (2025) 10, 101901 > - -
T;.0(2870)° open-charm tetraquark
Only T:,(2870)° candidate

No evidence for T:¢1(2900)°
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Lo N pup Tetraquark:
Phys.Rev.D 102 (2020) 9, 094016

Eur.Phys.J.C 80 (2020) 11, 1026
Phys.Rev.D 105 (2022) 5, 054018

Hadronic molecular:

N _——-

Tetraquark Hadronic molecular Phys.Rev.D 102 (2020) 9, 091502
Phys.Rev.D 104 (2021) 9, 094012

Chin.Phys.C 45 (2021) 2, 021003

The nature of exotic state T/,,(2870)° is controversial. 777

We will focus on the explanation of hadronic molecular state for T/,,(2870)°.

Phys.Rev.D 108 (2023) 1, 014015
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The PACIAE model Phys.Rev.C 108 (2023) 6, 064909 % ﬁ ¢ 4F 4 1 X%
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IPS: Initial Partonic State ISR: Initial State Radiation
PRS: Partonic ReScattering HS: Hard Scattering (here Multiple Parton Interactions nyp; = 3) Baryon

HP: Hadronization Process FSR: Final State Radiation Antibaryon
HRS: Hadronic ReScattering PDF: Parton Distribution Function Heavy Flavor
FHS: Final Hadronic State LSF: LUND String Fragmentation (only meson shown here)

Meson

4p o

Sketch for the physical routines in a high-energy pp simulation

PACIAE: Parton And-hadron CIAE ( the parton and hadron cascade model )

The model is based on the PYTHIA model , can be used to describe elementary particle collisions and
heavy-ion collisions. Open source : https://github.com/ArcsaberHep/PACIAE 12
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DCPC: Dynamically Constrained Phase-space Coalescence model
dridpi...drydp

 The cluster yield containing N particles is: Yn = /f 1 plhsz\r = pN;

EQSHSEb

E, and E,, : the lower and upper energy thresholds

e The yield of hadronic molecular state T, (2870)° can be written: @ g ,
drdpi1drodps G
YTg‘So(QSTO)O = [ ... [ 012 1,6 ;

hadronic molecular state
(1 if 1=D,2=K, ————> Component constraint
mo — Am < Miny < Mo + AM, ———= Momentum constraint

rio < Ro, (1 =1,2) ——— Spatial coordinate constraint
L0 otherwise.
* The invariant mass of cluster can be calculated: [ D°K?,D*K~, D**K*~,and D*°K*? J

Miny = \/(El + E2)2 _ (ﬁl +ﬁ2)2'

 Where

012 = {

Phys.Rev.C 85 (2012) 024907 13



pr spectra of component mesons
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PACIAE ALICE :
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arXiv: 2506.20145
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ALICE data:

Eur.Phys.J.C 75 (2015) 5, 226
Eur.Phys.J.C 77 (2017) 8, 550
Eur.Phys.J.C 81 (2021) 3, 256
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Angular distributions
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Angular distributions
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Summary and outlook




Summary and outlook
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 We recombined four sets of T,,(2870)° molecular state candidates based on the
PACIAE model simulated final hadronic state in pp collisions at /s = 7 TeV.

* The yields of four T;,,(2870)° candidates follow the magnitude order of D°Ky > DK~
> D**K*~ ~ D*OK*0.

Next studies:

« The extended studies for the pp collisions at /s = 8 and 13 TeV and for the p — Pb and/or
the Pb — Pb collisions at LHC energies are required..

 Other observables, such as elliptic flow, etc. are also worthy to be investigated.






Spectroscopy at LHC
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