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Hadronic States

@ Color confinement and Asymptotic freedom — Hadrons — Non-perturbative effects
@ Traditional Hadrons: Mesons (¢q); Baryons (qqq).
@ QCD allows exotic states beyond Quark Model.
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Hadrons discovered by LHCb

https://www.koppenburg.ch/particles.html
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B SCIOAIL (Belle & Bellell)

New hadrons found at Belle(ll) Chengping Shen
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Belle II has been designed to make precise measurements of weak interaction parameters, study exotic
hadrons, and search for new phenomena beyond the Standard Model of particle physics.
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B.-Q. Ma, J.Phys.G 17 (1991) L53-L58
B.-Q. Ma, Q.-R. Zhang, Z.Phys.C 58 (1993) 479-482

An intuitive picture to understand the spin puzzle

Lorentz Boost
s = Ru(A, p)§
Rest Frame Infinite Momentum Frame

5=, 5 S,
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What is quark helicity PDF?

The probability of finding a parton (constituent quark) with

momentum fraction x in a longitudinally polarized fast-moving proton

quark spin proton spin

@_ |

direction of hadron motion
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Quasi PDF to light-cone PDF
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NNLO matching coefficient: PF
NNLO hybrid scheme corrections: Nuc
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The Smallness of the Nucleon GFF By (0Q?)

0.4

By(0) =

(required)

—0.4O

Angular momentum conservation

B(0)=2J(0)—A(0):2x%—1:0

What is the dynamical origin of this persistent suppression?

- Remains small at finite Q2

[Bn(Q%)] <1
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‘ Spectator model

The gluon-gluon TMD correlator for spin-1 hadrons is given by
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Hidden Charm Pentaquarks and the Nature of P. States Observed at LHCb

PR A TR 5 LHCh IR P, 75
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XM AZE 7 (compact), T E2IEF 4 F (molecule)?

Zhi-Biao Liang - Jun-Jie Liu - Mu-Yang Chen - Xian-Hui Zhong - Qiang Zhao
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Hadron mass decomposition: my = Y 6,5+ 7, Y, 0,4+
q q

Sigma term: quark flavor contribution 6, ;; = m(gq)p, where (gq)y with

(O)y = (H|O|H)/{H| H) can be understood as the condensate of quark and antiquark within the
hadron H.

Bottom Quark on Lattice QCD
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Fragmentation Production of Bc Mesons and Their kB

Excited States

» NRQCD factorization

Bo(B...)(p) : :
) | Jnjversal nonperturbative factor

C-(P;a.)\n' Perturbatively calculable i

do(e" +e —>Bc+b+c)

=> do(e +e — cf;[ﬂ]+b+5)<03" (n)> NRQCD factorization

Short-distance Long-distance
coefficients matrix elements
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IBTEE: from hadron decay

Magnetic moments and radiative decays of the T, (3875)'
and its partner states

Probing the nature of tensor mesons via B
semileptonic decays

Final-state rescattering mechanism of the A(1232)"

production in A" — K= n" p decay

The Z(1380) and other elusive resonances in the reaction
A" — nn” A via coupled-channel dynamics
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e 55219 :. from chiral theory

Unified study of scalar, vector and tensor 3[; 4+ ﬁ
'y
two-meson form factors in resonance chiral theory
7
The D;:(2460) and other open-charm 1~ states in relativistic %-}%%ﬁ
chiral effective field theory
Analytic two-loop chiral expression for pion-nucleon -
PRES

sigma term
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SR Ey: from OCD sum rule

Hexaquark Spectroscopy in QCD Sum Rules S
From Light Baryoniums to Heavy AQEQ States '

FAQCDRAMMNARIER AT RS AR
The improved moment QCD sum rules 3 8 05
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Comparison of Two-Body binding energies obtained
from the Bethe-Salpeter and Schrédinger equations

—ERFRSEPHN =R

Baryon structures from dynamical

coupled-channel analyses

Color gauge invariant theory of diquark interactions
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Production: e* e~ — BB

The angular distribution parameter « and the

e B
relative phase A®
2 2
N _ Gul” — 7G5l Gg _|GE| e
Gyl + TGl Gy |Gy
e’ B
“B. B vertex Differential cross section (8: scattering angle;
Rttt « from the angular distribution)
. 2
ZFQ(q )O"LLU do 1+ 29
v Qv COS
o >

T = Fy(g)" + oM
Polarization (A® from the polarization)

where F'| and F are the Dirac and Pauli form

factors. Electric and magnetic form factors
sinffcosfl |/
qg P, = % 1—a’sinAd
GE:F1+TF2, GA{:Fl—f—FQ, T:M 1+QCOS 0

== processes and their subsequent decays.

Table: Parameters for the e e™ — J/p — Aﬁ, E“Li]_, and
No. BB o AP (rad) agp
1. AA 0.461+0.09 0.740+ 0.014 0.754 = 0.011
2. DO S -0.508+ 0.07 -0.270+ 0.015 -0.994 + 0.038
3. ="=T  0.586+ 0.016 1.213+ 0.048 -0.374 £+ 0.008
, and the cascade =~ — A(— pm )7~

Decay modes: A — pr—, ¥ — pﬂ'o, = — Am

i

i
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Fundamental symmetry study from hadron

physics
E2gZ
A Hyperon Factory

Hyperon/baryon pair production in Charmonium(-like) decay
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el Baryon Octuplet

Baryon Decuplet

B A hyperon/baryon factory, provide a rich laboratory for
probing non-pQCD, hyperon/baryon property/CPV/EDM

pQCD, etc.



New physis search from hadron physics
XU R
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Exploring new physics in the angular distribution of B — D*(— D)t (= Vv,

Si-Yuan Liu, Xian-Wei Kang, Alakabha Datta
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