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MOTIVATION

To look for charmonium-like states above DD\bar 

threshold (conventional and exotic) in pp and pA

collisions to obtain complementary results to the ones 

from e+e- interactions, B-meson decays 

and pp\bar interactions



Motivation  





Charmonium-like states possess some well favored characteristics:

• is the simplest two-particle system consisting of quark & antiquark;

• is a compact bound system with small widths varying from several tens of keV to several
tens of MeV compared to the light unflavored mesons and baryons

• charm quark c has a large mass (1.27 ± 0.07 GeV) compared to the masses of u, d & s (~
0.1 GeV) quarks, that makes it plausible to attempt a description of the dynamical
properties of charmonium-like system in terms of non-relativistic potential models and
phenomenological models;

• quark motion velocities in charmonium-like systems are non-relativistic (the coupling
constant, αs ≈ 0.3 is not too large, and relativistic effects are manageable ( v2/c2 ≈ 0.2));

• the size of charmonium-like systems is of the order of less than 1 Fm (R ~ αs · mq ) so that

one of the main doctrines of QCD – asymptotic freedom is emerging;

Therefore:

♦ charmonium-like studies are promising for understanding the dynamics of quark interaction
at small distances;

♦ charmonium-like spectroscopy represents itself a good testing ground for the theories of
strong interactions:

• QCD in both perturbative and nonperturbative regimes

• QCD inspired potential models and phenomenological models
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The cc system has been investigated in great detail first in e+e--reactions, and 

afterwards on a restricted scale (Ep ≤ 9 GeV), but with high precision in 

pp-annihilation (the experiments R704 at CERN and E760/E835 at Fermilab). 

The number of unsolved questions related to charmonium has remained:

- decays into particle-antiparticle or DD-pair: cc → (Ψ, ηc,, χcJ,..) → , , , ;

- decays into light hadrons: cc → (Ψ, ηc,..) → ρπ; cc → Ψ → π+π -, cc → Ψ → ωπ0, ηπ0,… ;

- radiative decays: cc → γ ηc , γ χcJ , γ J/Ψ , γ Ψ' , ...;

- decays with J/Ψ, Ψ' and hc in the final state: cc → J/Ψ + X => cc → J/Ψ π+π -, cc → J/Ψ π0π0;

cc → Ψ' + X => cc → Ψ' π+π -, cc → Ψ' π0π0; cc → hc + X => cc → hc π+π -, cc → hc π0π0 .

IN GENERAL ONE CAN IDENTIFY FOUR MAIN CLASSES OF CHARMONIUM DECAYS:

• singlet 1D2 and triplet 3DJ charmonium states are almost not determined yet;

• little is known about partial width of 1D2 and 3DJ charmonium states.

• higher laying singlet 1S0 , 1P1 and triplet 3S1 , 3PJ – charmonium states are poorly

investigated;

• only few partial widths of 3PJ -states are known (some of the measured decay

widths don’t fit theoretical schemes and additional experimental check

or reconsideration of the corresponding theoretical models is needed, more

data on different decay modes are desirable to clarify the situation);
AS RESULT :

• little is known on charmonium states above the the DD – threshold (S, P, D,….);

• many recently discovered states above DD - threshold (XYZ-states) expect their

verification and explanation (their interpretation now is far from being obvious).
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The low laying charmonium hybrid states:

Charmonium-like exotics (hybrids, tetraquarks) predominantly decay via electromagnetic

and hadronic transitions and into the open charm final states:

• ccg → (Ψ, χcJ) + light mesons (η, η′, ω, φ) and (Ψ, χcJ) + γ - these modes supply small

widths and significant branch fractions;

• ccg → DDJ*. In this case S-wave (L = 0) + P-wave (L = 1) final states should dominate

over decays to DD (are forbidden → CP violation) and partial width to should be very small.

The most interesting and promising decay channels of charmed hybrids have been, in

particular, analyzed:

•  cc  →  (0-+, 1-+ , 2-+) η  → χc0,1,2 (η, ππ, γ;…);

•  cc  →  (0+-, 1+- , 2+-) η → χc0,1,2 (η, ππ, γ;…);

• cc  →       (0- -, 1- - , 2- -) →  J/Ψ (η, ω , ππ, γ …);                    

•  cc  →           ,           ,         (0-+, 1-+ , 2-+, 0+-, 1+- , 2+-, 1++) η →          (η , γ).
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Two different kinds of experiments to study exotics:

• production experiment – ccg → X + M, where M = π, η, ω,… (conventional states plus

states with exotic quantum numbers)

• formation experiment (annihilation process) – ccg → X → M1M2 (conventional states plus

states with non-exotic quantum numbers)
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J PC = 0- - → exotic!
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CHARMONIUM – LIKE PRODUCTION MECHANISMS
RELEVANT TO THE XYZ – STATES

Any quantum numbers are possible

annihilation with initial state radiation

JPC = 1– –

double charmonium production

γγ fusion

in association with J/ψ only J PC = 0-+, 0++ seen

JPC=0 -+, 0 ++, 2 -+, 2++

B-decays
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THE SPECTRUM OF TETRAQUARKS
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General view of the SPD facility
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Vertex detector / Inner tracker



Summary / Conclusions  

♦ Many observed states remain puzzling and can not be explained for

many years. This stimulates and motivates for new searches and ideas

to obtain their nature.

♦ Physics analysis for the pp & pA collisions is in progress nowadays.

Preliminary results have been obtained.

♦ The experiments with pp & pA collisions can obtain some valuable

information on the charm production.

♦ Measurements of charmonium-like states can be considered as one of

the “pillars” of pp & pA program.

♦ The SPD detector should provide good opportunities for the

reconstruction and identification of charged and neutral particles.

♦ For hadronic decays the silicon IT should greatly enhance the

research potential (reconstruction and selection).
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