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New era – I
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New era – II

• Many new states with unusual properties observed

in both charmonium and bottomonium sectors

• Their interpretation involves tetra- and pentaquarks, molecules,

hadroquarkonium, mixture with regular quarkonium,

various kinematic/dynamic effects (threshold, cusp, rescattering etc.)

• Where are glueballs and hybrids?

• Theorists suggest fancy models, sometimes even with predictions

while experiments extract results using rather complicated methods

• Data samples often insufficient despite huge
∫
L dt

• My personal opinion about what can be expected:

future experiments and relevant physics
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AMBER at CERN – I

COMPASS found evidence for the X̃(3872) - a C=-1 X(3872) partner?

CERN approved a new experiment COMPASS++ or AMBER.
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AMBER at CERN – II

! Proton radius measurement 

with muon beam and TPC as 

active target!

! Pion-induced Drell-Yan and 

charmonia production with 

both "+ and "# to access pion 

PDFs!

! Antiproton production yield — 

input for astrophysical search 

for Dark Matter

Emergence of hadron mass

AMBER (NA66) @ CERN

! Kaon-induced Drel l-Yan 

charmonia and prompt 

photon production with RF-

separated kaon beam to 

access kaon PDFs!

! Kaon spectroscopy!

! Kaon-induced Primako$ 

reactions, kaon polarizability!

! Kaon form-factor and kaon 

r a d i u s i n K - e e l a s t i c 

scattering!

Phase-I Phase-II

Already approved 

and starts in 2022 2025+
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GlueX at JLAB – I
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GlueX at JLAB – II

• With 6-8k J/ψ measure the differential cross section

of photoproduction and do more detailed searches for the Pc states

• First studies of ψ(2S) and χcJ photoproduction

• Searches for hybrid mesons in ηc decays to light mesons

• With the full GlueX-II data (improved pi/K PID)

make measurements of open charm production

• Photoproduction of the XYZ states will have to wait for EIC,

or an upgrade of the electron accelerator at JLAB
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Electron-Ion Collider – I
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Electron-Ion Collider – II

The main features:

• Highly polarized electron (70%) and proton (70%) beams

• Ion beams from deuterons to heavy nuclei (gold, lead or uranium)

• Variable e+ p center-of-mass energies from 20 to 100 GeV,

upgradable to 140 GeV

• High collision electron-nucleon luminosity 1033-1034 cm−2s−1

• More than one interaction region
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Electron-Ion Collider – III

ReA(X) – the nuclear modification factor for a particle X
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CEPC – I
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CEPC – II

Mode H Z W+W−

√
s, GeV 240 91 160

L, 1034 cm−2s−1 3 17 10

Years 7 2 1
∫
L dt, ab−1 5.6 16 2.6

Number 106 7× 1011 2× 107

A rough estimate gives 3× 106 X(3872) produced from Z → bb̄

How many promptly produced X’s can be expected?
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BESIII Experiment at BEPC2 – I
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BESIII Experiment at BEPC2 – II
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Plans of BESIII

For the next 10 years

1. 2021-2023 (not for XYZ)

• 3× 109 ψ(2S) events

• 20 fb−1 at ψ(3770)

2. BEPCII ⇒ BEPCIII

• New SCQ magnets and new RF cavities, Ebeam increased to 2.8 GeV

• Luminosity after the upgrade:

1.2× 1033 cm−2s−1 at 2-2.5 GeV

(0.5− 0.8)× 1033 cm−2s−1 at 2.5-2.8 GeV

• 3 years for preparation and installing

• Applied for funding (200M)

• Detector upgrade discussed
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KEKB and Belle

X(3872) was discovered by Belle in 2003, 1926 citations!
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SuperKEKB and Belle II

• Currently:

Lmax = 2.4× 1034 cm−2s−1

∫
L dt ≈ 100 fb−1

• Planned by 2030:

Lmax = 6× 1035 cm−2s−1

∫
L dt = 50 ab−1

• 50 times more events of cc̄ states

• Depending on
√
smax (11,12 GeV?)

What will we learn about bb̄?
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Upgrade of LHCb
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Future of XYZ at LHCb
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From 3 to 300 fb−1

Already a discovery machine with 9 fb−1 only
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CMS

B(B+ → ψ(2S)φK+) ≈ 4× 10−6, a study of the ψ(2S)φ system
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What is Super-Charm-Tau Factory?

A Super-Charm-Tau Factory is an (e+e− collider) complex

for high-precision measurements between 2 and 6 (7) GeV

with instantaneous luminosity up to 10
35
cm

−2
s
−1

and longitudinal polarization of the initial e− beam

Integrated luminosity of ∼ 10 ab−1

could be collected in 10 years
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General features

Strategic tasks of SCTF

• Non-perturbative QCD (f/f, hadron spectroscopy, multibody decays)

• Studies of weak interactions of leptons

and quarks of the 1st and 2nd generations

• Searches for New Physics

Advantages of SCTF

• Pair production of τ , charm hadrons and baryons

(double tagging ⇒ measurement of absolute branchings)

• Longitudinal polarization of initial electrons

(CP violation in decays of charm baryons and τ leptons)

• Coherent production of D0D̄0 mesons (measurement of phases)

• Low multiplicity, threshold kinematics ⇒ bkgd suppression
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Super-charm-tau Factory in Novosibirsk
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Parameters of Novosibirsk SCTF

Circumference, m 622.7

2θ, mrad 60

β∗

x/β∗

y , mm 100/1

FRF, MHz 350

Ebeam, GeV 1.5 2 3

I, A 2 2 2

Bunches 323 431 259

L, 1035cm−2s−1 0.8 1.3 1.1
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Detector for Novosibirsk SCTF
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Comparison
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Conventional Charmonia

State J/ψ ψ(2S) ψ(3770) ψ(4040)

M, GeV 3.097 3.686 3.773 4.040

Γ, MeV 0.093 0.294 27 84
∫
Ldt, fb−1 800 250 400 10

N 1012 1011 2 · 109 108

• Even for the J/ψ and ψ(2S) the full decay pattern is unclear,

other states are not well enough studied

• 20 (25) fb−1 needed to produce 108 ψ(4160) (ψ(4415)) mesons

• ∼ 1010 χcJ and ηc(1S) in radiative decays of the J/ψ and ψ(2S)

• About 108 hc mesons in ψ(2S) → hcπ
0

• ηc(2S) mesons can be produced in ψ(2S) → ηc(2S)γ or γγ collisions

• The huge N(J/ψ) – a unique source of tagged n̄, Λ, Σ

as suggested recently by M. Karliner and C.Z. Yuan in arXiv:2103.06658
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Study of Charmonium-(like) States – I

S. Godfrey and N. Isgur, Phys.Rev. D32, 189 (1985)
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Study of Charmonium-(like) States – II

• All ψ(Y ) states with JPC = 1−− will be directly produced at
√
s =MY :

ψ(4260/4230), ψ(4360), ψ(4660), are there also ψ(4320), ψ(4390), . . .?

These and other quantum numbers are also accessible at PANDA

• Charged Zc states can be produced by scanning the
√
s range

and studying the J/ψππ, hcππ, D
(∗)D̄(∗) final states

• Neutral cc̄ states with other quantum numbers can be studied

in the recoil to ππ, π0, η, ω final states

• C = +1 states can be also produced in γγ collisions

• Between 6 and 7 GeV double cc̄ production?
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HIEPA – Layout

HIEPA - High Intensity Electron Positron Accelerator

HIEPA is the project of SCTF in Hefei, China
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HIEPA – Parameters

Parameter Phase 1 Phase2

Circumference, m 600-800 600-800

Optimized beam energy, GeV 2 2

Current, A 1.5 2

Collision angle, mrad 60 60

Luminosity, 1035 cm−2 s−1 0.5 1
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HIEPA – Detector
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Conclusions

• A lot of exciting experimental results,

not many convincing interpretations

• Extensive development of theoretical models,

experiments need clear recipees to distinguish them

• A good old Breit-Wigner started losing ground,

once again experiments ask for wise input from theory

• New properties of charmonia produced from

γ, µ, π,K at AMBER and GlueX

• Expecting new discoveries from

PANDA, BESIII, LHCb, CMS, ATLAS, Belle and Belle II

• Super-charm-tau Factory badly needed to learn more about cc̄

• Will high-energy facilities bring a new intrigue

(EIC, CEPC, FCC, ILC. CLIC)?
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