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1. The Neutrino Puzzle
• In 1933, after the discovery of the neutron as a component of the atomic 
nuclei and following the neutrino hypothesis by W. Pauli, E. Fermi proposed a 
theory of 


-radioactivity as due to the decay:β
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However, if you have a very intense flux of neutrinos, as in a nuclear reactor, 
you may observe events of the inverse beta decay process:  
(Reines and Cowan,1953).

ν̄ + p → e+ + n

• The process is regulated by a very small coupling, the Fermi 
constant G


• Accordingly, neutrino has a very weak interaction with matter
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However, if you have a very intense flux of neutrinos, as in a nuclear reactor, 
you may observe events of the inverse beta decay process:  
(Reines and Cowan,1953).

ν̄ + p → e+ + n

• The process is regulated by a very small coupling, the Fermi 
constant G


• Accordingly, neutrino has a very weak interaction with matter

Neutrino is a real particle, not a ghost!!
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2. Towards a Unified Theory of Electromagnetic and 
Weak Interaction
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• Fermi made his theory in analogy to electromagnetism.

• The first step toward real unification was the hypothesis that Weak Interactions  

are transmitted by a new particle called the Intermediate Vector Boson.

• To reproduce Fermi theory IVB has to have a very large mass
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• Fermi made his theory in analogy to electromagnetism.

• The first step toward real unification was the hypothesis that Weak Interactions  

are transmitted by a new particle called the Intermediate Vector Boson.

• To reproduce Fermi theory IVB has to have a very large mass

• After first suggestions by Julian Schwinger, in 1961 Sheldon Glashow proposed a 
Unified Theory with 4 intermediaries: .  The theory was able to 
describe W&E.m. interactions of electrons and muons;


• the theory predicted new fenomena, like the existence of neutrino reactions in which 
a neutrino appears in the final state (neutral current processes), instead of 
transforming into a charged lepton as in the inverse beta decay (charged current 
processes).

W+, W−, Z0, γ
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The 1961 Glashow theory left 4 questions open. The answers led to the present Unified 
Standard Theory of Electro-Weak Interactions:


1. Can we give a mass to the IVB leaving the photon massless? 

Weinberg & Salam, 1967: mass generated by the Higgs -Brout-Englert 
mechanism, leaving a new, scalar, boson called by Weinberg“the Higgs Boson”;


2. Can we extend the interaction to the hadrons, i.e with a coupling of the neutral  
in agreement with the observed strong suppression of ?  


Glashow, Iliopoulos & Maiani: the GIM mechanism, 1970, introducing a new 
quark and the corresponding charmed particles, does just that;


3. Can we obtain a mathematically consistent (renormalizable) quantum theory like 
QED? 


Proved by G. ’t-Hooft & M. Veltman, 1972 

4. Can we describe the Matter-Antimatter asymmetry observed in K decays?


Kobayashi and Maskawa, 1973: yes, introducing a third quark and lepton 
generation 

Z0

K → μ+μ−

Unified Theory of Electromagnetic and Weak 
Interaction (cont’d)
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 3. A personal recollection, 1969-1970

• The discussion on higher order weak interactions was opened in 1968 by a 
calculation by Boris Ioffe and Evgeny Shabalin, indicating that ΔS= ± 1 neutral 
currents and ΔS=2 amplitudes would result from higher order weak interactions, 
even in a theory with only  T charged W coupled in Cabibbo’s way


 Amplitudes were found to be divergent, of order G(GΛ2), and in disagreement 
with experiments, unless limited by an ultraviolet cut-off 


 Λ ≈ 3-4 GeV (from ΔmK);

• Similar results were found by R. Marshak and coll. and by F. Low.

• The exceedingly small value of the cut-off raised a wide discussion.

5

K0
L K0 K̄0
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Discussions at Harvard (1969-70)

6

• The Ioffe-Shabalin problem was still on  the table in November 1969, when I moved to 
Harvard and met with John Iliopoulos, at work with Shelly Glashow on the  correctionsGΛ2

L.Bonolis, L. Maiani, Eur. Phys. J. H 42 (2017) 611

• In quark language, the Ioffe-Shabalin problem for 
 is represented by the box diagram in the 

Figure. The divergent amplitude is proportional to the 
product of the couplings of quarks d and s to the u quark, 
equal to , as required by the Cabibbo theory 

KL → μ+μ−

cos θ sin θ

• So, we discussed for long, usually two of us arguing against the one at the blackboard, 
apparently getting nowhere. 

• But during our discussions a change in paradigm occurred.  Previous works had been done 
in the framework of the “algebra of currents”, but slowly we began to phrase more and more 
our discussion in terms of quarks.
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Discussions at Harvard (1969-70)

6

• By January 1970 we got convinced that we had to modify the weak interaction theory. Once 
we realised that, the solution was just under our eyes. 


• A fourth quark of charge +2/3, called the charm quark, had been introduced by Bjorken and 
Glashow (and others), for entirely different reasons. 


• In the weak interaction, the charm quark is coupled to the  quark left out in the  Cabibbo 
theory. c-quark exchange ( ) cancels the singularity and produces an 
amplitude of order  (GIM mechanism): 

Ioffe’s cutoff becomes the prediction: 

sC
Ac ∝ − sin θ cos θ

G[G(m2
c − m2

u)]
mc ∼ 1.5 GeV
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• In quark language, the Ioffe-Shabalin problem for 
 is represented by the box diagram in the 

Figure. The divergent amplitude is proportional to the 
product of the couplings of quarks d and s to the u quark, 
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cos θ sin θ
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in the framework of the “algebra of currents”, but slowly we began to phrase more and more 
our discussion in terms of quarks.
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CERN Courier, March/April 2020

7
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• 1973. The Gargamelle Collaboration led by the French physicist  Andrè  
Lagarrigue, operating the heavy liquid, large bubble chamber exposed to 
the high energy CERN  beam, observes muonless neutrino events: 
events in which a hadronic jet is produced without an energetic muon 
track, interpreted as the neutral current process: 


• The Collaboration observed also events with an isolated electron track, 
interpreted as:


• 1974. The Fermilab Neutrino Experiment led by Carlo Rubbia 
announced the observation of “two-muon neutrino events”. It was the 
first positive indication of the existence of a new quark flavour 
produced off the nucleons in the  transition (the first muon in the final 
state) and enough stable to decay semileptonically (the second muon):

νμ

8

4. Experimental Discoveries

ν + d → c + μ− → s + νμ + μ+ + μ−

νμ + N → νμ + hadrons

νμ + e → νμ + e
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1974. The November Revolution

9

J.J. Aubert et al. PRL 33, 12 Nov.1974

p + p → e+ + e− + . . . .

J.E. Augustin et al. PRL 33, 13 Nov.1974

e+ + e− + → hadrons

Confirmed by Adone (Frascati)

C.Bacci  et al. PRL 33, 18 Nov.1974

e+ + e− + → hadrons

M = 3.1 GeV, Γ ∼ 100 KeV!!
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Alvaro De Rujula

The Rise of Particle Physics


Roma 23 Sept 2024
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τ(ϕ) = 0.15 10−21 s

τ(Ψ) = 6.6 10−21 s
∼ 43 τ(ϕ) ϕ

Alvaro De Rujula

The Rise of Particle Physics


Roma 23 Sept 2024



Hadronization !? 
Unitary !!

Annihilation

as CHARMONIUM
Appelquist & Politzer

Why so narrow?

Alvaro De Rujula: The Rise of Particle Physics, Roma 23 Sept 2024
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Experiment


Nov. 12: J discovery, BNL

Nov. 13:  discovery, SLAC


Nov. 25:  discovery, SLAC


ψ

ψ′￼

The 1974 Events Chronology

(Dates of article reception by Journals)
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Experiment


Nov. 12: J discovery, BNL

Nov. 13:  discovery, SLAC


Nov. 25:  discovery, SLAC


ψ

ψ′￼

Theory


20 Nov.  Altarelli et al.: is it a 


27 Nov. DeRujula & Glashow: bound charm?


….few days later, I was in Trieste, giving a 
seminar.. a phone call by Nicola Cabibbo: 

.. Shelly is right, at SLAC they discovered a new 
resonance, the ….


30 Dec. Dominguez & Greco:  and the rise of R? 
V-meson dominated cross section…? 

W0 ?

ψ′￼

cc̄
e+e−

The 1974 Events Chronology

(Dates of article reception by Journals)
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•  interpretation of the rise of  in the J/Psi was not so obvious, due

 to the presence of problematic  events. 

• 1975-1977. M. Perl and coll. at SLAC:  a new sequential lepton, the  lepton, is the 

origin of the  events

cc̄ e+e− → hadrons
e − μ

τ
e − μ M. L. Perl The Discovery of the Tau Lepton, 3rd International 

Symposium on the History of Particle Physics: The Rise of the Standard 
Model, SLAC-PUB-5937

C. A. Dominguez and M. Greco, Lett. Nuovo Cim. 12 (1975) 439
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Charmed particle production and decay 
shows very complicated decay pattern….

1976.  meson, the lightest weakly 
decaying charmed meson, D0, is discovered 

by the Mark I detector  (SLAC).

D0

Blietschau, J., et al. Physics Letters B 86 (1979)108 

ν + P → D*+ + P + μ− → …
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1976. L. Lederman and coll. discover the , evidence of the 3rd generation


• the  quark-lepton generation was completed in 1994 with the discovery of the 
top quark at FermiLab. 

Υ = bb̄
3rd
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1983: UA1 and UA2 observe W± and Z0 production at 
the  colliderp − p̄

14

Press Conference at CERN to annouce W and Z discovery. 
From left:C. Rubbia, S. Van der Meer, E. Schopper
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W→ e (blue going 
downward) + ν (blue 
going upward, 
reconstructed from 
momentum conservation)
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1983: UA1 and UA2 observe W± and Z0 production at 
the  colliderp − p̄

14

Press Conference at CERN to annouce W and Z discovery. 
From left:C. Rubbia, S. Van der Meer, E. Schopper

W→ e (blue going 
downward) + ν (blue 
going upward, 
reconstructed from 
momentum conservation)

Z→ e e (blue lines) 
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The Standard Model
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Force particles

Constituentsof matter and fundamental 
forces (circa 1984)

Murray Gell-Mann

15
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QCD αs(Mz) = 0.1185 ± 0.0006

Z pole fit  

0.1

0.2

0.3

αs (Q)

1 10 100
Q [GeV]

Heavy Quarkonia (NLO)

e+e–   jets & shapes (res. NNLO)

DIS jets (NLO)

Sept. 2013

Lattice QCD (NNLO)

(N3LO)

τ decays (N3LO)

1000

pp –> jets (NLO)
(–)

G. Dissertori, PdG 2013

Asympt. freedomConfinement

G. Altarelli, 1989

QCD is the answer to (almost) any Strong Interaction question 

• QCD is asymptotically free

• quarks carry ,  and are confined inside color singlet hadrons,

•  :  Fermi statistics is obeyed


• increasing q2, quarks radiate gluons (the Altarelli-Parisi picture of scaling violations) 

• at large q2, we see quarks and neutral gluons as almost free partons. 

color symmetry, SU(3)col
Δ(++) = ϵαβγu↑

αu↑
β u↑

γ Constituent Quarks

16

QCD Partons
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Heavy quarks (  ):

• inclusive decays are calculable like deep inelastic processes;

•  bound states involve short distance forces: a calculable spectrum of 

charmonia/bottomonia;

• inside hadrons,  pairs are not easily created or destroyed: 

• a hadron decaying into  indicates a valence  pair

•  heavy-quark counting is possible.

mQ > > ΛQCD

cc̄ or bb̄

cc̄ or bb̄
J/Ψ or Υ + … cc̄ or bb̄

QCD Partons
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mH = (77       ) GeV/c2
+69
 -39

• Includes all electroweak precision 
measurements (LEP, SLAC, FermiLab) 


• Constrained by direct mW and mtop 
determinations; 

17

MH=135-170 GeV 
Λ = 1019 GeV

QUANTUM 
STABILITY

6. MH prediction from precision Electroweak 
Measurements
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MH=135-170 GeV 
Λ = 1019 GeV

QUANTUM 
STABILITY

In the 1980s, the search for the Higgs Boson opened the era 
of large energy proton-proton Colliders. 

The first proposed was the SSC (Superconducting Super 
Collider) in the USA.

6. MH prediction from precision Electroweak 
Measurements



LNF 18/11/ 2024 Luciano Maiani. The J/|Psi and the Standard Model

The SSC drama

The Supercollider That Never Was (Scientific American, 2013)
....The SSC was an epic project that ended in failure. The U.S. has yet to stride again 
its own once prominent footsteps; but perhaps worse, it no longer dares to dream in 
color.

• The SSC (Superconducting Super Collider) was proposed in the US in 
the first 1980s: proton-proton, very high energy, 20 TeV/beam;


• 1988   SSC approved, proton-proton, 20 TeV/beam, 87 km tunnel, cost 
4-5 B US$; �
1989   SSC construction starts.


• 1993   SSC discontinued by the US Congress after a bitter discussion 
which invested all the scientific community (projected cost >10 B US $) 

18
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1994: LHC is approved

• The cancellation of the SSC programme made a terrible shock-wave in 
Europe, firing back on particle physics and CERN.


• The top quark discovery had a very good balancing effect (as seen from 
Italy)


• the first prototype of 10 m superconducting LHC magnets was 
presented at CERN Council in Dec. 1993 with a positive effect


• Luckily, on the basis of the  and LEP successes,  CERN project 
was approved in December 1994.

Spp̄S

19

The first prototype of 15 m 
superconducting LHC dipole by CERN-
INFN-Ansaldo Energia Collaboration,1998.
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 Tunnel: 27 km circumpherence, 100 m depth
 Four big experiments by International Collaborations: 
ATLAS, CMS, LHCb, ALICE

The Large Hadron Collider in the LEP Tunnel

20
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June 2001

Magnets from Novosibirsk

21

with Lynn Evans, A. Skrinsky, Kurt Hubner 
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ATLAS CMS

ALICE LHCb
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•1.5 year delay due 
to problems with 
QRL

•another 1.5 year 
for the magnets 
accident

•later resolved by 
Steve Myers
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•1.5 year delay due 
to problems with 
QRL

•another 1.5 year 
for the magnets 
accident

•later resolved by 
Steve Myers

mid 

23 3

Sept. 10th 08: first beams

Lyn Evans and Lucio Rossi receive     
the last dipole at CERN•useful beams: 2010


•Higgs physics: 2011 

TIME LINE OF THE LHC CONSTRUCTION
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6. Announcing the boson: �
ATLAS and CMS, CERN Seminar, July 4th, 2012

•François Englert (left) and 
Peter Higgs (right) at the 
CERN seminar …

• and Fabiola Gianotti, John 
Ellis..and many others

24

In the coming years, we will recognize  a clear discontinuity in physics: 
BEFORE and AFTER the 4th of July talks by CMS and ATLAS.

13

•People arrived 4 o’clock in the morning to find a seat

•a completely full conference room

•talks by Joe Incandelas, CMS, and Fabiola Gianotti, ATLAS
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H must appear as a peak in the mass distribution of: 2 
gammas: H-> ɣɣ�

25
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S/B%Weighted%Mass%Distribution%
!  Sum%of%mass%distributions%for%each%event%class,%weighted%by%S/B%

!  B%is%integral%of%background%model%over%a%constant%signal%fraction%interval%
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Results:%m(4l)%spectrum%

164%events%expected%in%[100,%800%GeV]%
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 [GeV]4lm

Ev
en

ts
 / 

3 
G

eV

0

2

4

6

8

10

12

 [GeV]4lm

Ev
en

ts
 / 

3 
G

eV

0

2

4

6

8

10

12 Data

Z+X

*,ZZ�Z

=126 GeVHm

µ, 2e2µ7 TeV 4e, 4
µ, 2e2µ8 TeV 4e, 4

CMS Preliminary -1 = 8 TeV, L = 5.26 fbs ; -1 = 7 TeV, L = 5.05 fbs

 [GeV]4lm
80 100 120 140 160 180

EventVbyVevent%errors%
57 

Yields%for%m(4l)=110..160%GeV%%

2011+2012%

J. Incandelas

CMS data



LNF 18/11/ 2024 Luciano Maiani. The J/|Psi and the Standard Model

ATLAS �

2 gammas: H-> ɣɣ�

26

F. Gianotti
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In scientific press

27

"For the theoretical discovery of a  
mechanism that contributes 
to our understanding of the origin  
of mass of subatomic particles,  
and which recently was confirmed 
through the discovery of the  
predicted fundamental particle,  
by the ATLAS and CMS experiments  
at CERN’s Large Hadron Collider" 

October 2013 

July 2012 
The Discovery 

~ 3800 citations / experiment so far 
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M.Baak et al.,	 Eur.Phys.J.C 72 (2012) 2205
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7. What do we do now in particle physics ?

29

1. Solve QCD going  beyond the limit of large energy and feeble interactions 
by computer simulations of QCD on a discrete space-time lattice: 


Baryon  and meson  masses(qqq) (q̄q)
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1. Solve QCD going  beyond the limit of large energy and feeble interactions 
by computer simulations of QCD on a discrete space-time lattice: 


Baryon  and meson  masses(qqq) (q̄q)

QCD corrections to weak interaction processes with or without leptons
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7. What do we do now in particle physics ?

29

1. Solve QCD going  beyond the limit of large energy and feeble interactions 
by computer simulations of QCD on a discrete space-time lattice: 


Baryon  and meson  masses(qqq) (q̄q)

QCD corrections to weak interaction processes with or without leptons

•Computing power increase, from 

•  (1980’s) to 

 (2020’s), made  all 
that (and more) possibile!

109 Gigaflops
0.1 − 1 ⋅ 1018 Gigaflops
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2.  Find the correct Theory of Unexpected Charmonia (Exotic Hadrons) 

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589
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2.  Find the correct Theory of Unexpected Charmonia (Exotic Hadrons) 

1st Unexpected (BELLE, BaBar, 2003)

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589
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2.  Find the correct Theory of Unexpected Charmonia (Exotic Hadrons) 

2nd Unexpected (BELLE, 2207; 

doubts by BaBar; confirmed by 

LHCb, 2014) 

first charged, a radial excitation?

1st Unexpected (BELLE, BaBar, 2003)

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589
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2nd Unexpected (BELLE, 2207; 

doubts by BaBar; confirmed by 

LHCb, 2014) 

first charged, a radial excitation?
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 arXiv:1511.01589



LNF 18/11/ 2024 Luciano Maiani. The J/|Psi and the Standard Model 30

2.  Find the correct Theory of Unexpected Charmonia (Exotic Hadrons) 

2nd Unexpected (BELLE, 2207; 

doubts by BaBar; confirmed by 

LHCb, 2014) 

first charged, a radial excitation?

1st Unexpected (BELLE, BaBar, 2003)3rd Unexpected (BES III, 2013):

ground state Tetraquarks with X(3872)?

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589

. If interpreted as 
a new particle, it is unusual in that it 
carries an electric charge and couples 
to charmonium. 
BESII, Phys. Rev. Lett. 110 (2013) 
252001

Zc(3990) → π±J/Ψ

... carries an electric 
charge and couples to charmonium.

BESII, Phys. Rev. Lett. 111 (2013) 
242001

Zc(4020) → π±hc
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2.  Find the correct Theory of Unexpected Charmonia (Exotic Hadrons) 

2nd Unexpected (BELLE, 2207; 

doubts by BaBar; confirmed by 

LHCb, 2014) 

first charged, a radial excitation?

1st Unexpected (BELLE, BaBar, 2003)

recent additions:

more than coincidence?


or

an almost filled multiplet?

3rd Unexpected (BES III, 2013):

ground state Tetraquarks with X(3872)?

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589

. If interpreted as 
a new particle, it is unusual in that it 
carries an electric charge and couples 
to charmonium. 
BESII, Phys. Rev. Lett. 110 (2013) 
252001

Zc(3990) → π±J/Ψ

... carries an electric 
charge and couples to charmonium.

BESII, Phys. Rev. Lett. 111 (2013) 
242001

Zc(4020) → π±hc



LNF 18/11/ 2024 Luciano Maiani. The J/|Psi and the Standard Model

No consensus, yet 

For a review, see: 

A. Ali, L. Maiani and A.D. Polosa, 
Multiquark Hadrons, Cambridge 
University Press (2019)

31
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1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

Nuclear 

Forces Hadron Molecule

F-K. Guo, C. Hanhart, U-G Meißner, 
Q. Wang, Q.  Zhao, and B-S Zou, 
arXiv 1705.00141 (2017)



LNF 18/11/ 2024 Luciano Maiani. The J/|Psi and the Standard Model

No consensus, yet 

For a review, see: 

A. Ali, L. Maiani and A.D. Polosa, 
Multiquark Hadrons, Cambridge 
University Press (2019)
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1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

3̄
<latexit sha1_base64="kcPp6uUL7P50wk9ODs8oFgZg0GE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nagx6LXjxWsK3QhDLZbtqlm03Y3Qgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZoqxDE5GoxxA1E1yyjuFGsMdUMYxDwXrh5Hbu956Y0jyRD2aasiDGkeQRp2is5PshKpL7YUSas0G15tbdBcg68QpSgwLtQfXLHyY0i5k0VKDWfc9NTZCjMpwKNqv4mWYp0gmOWN9SiTHTQb64eUYurDIkUaJsSUMW6u+JHGOtp3FoO2M0Y73qzcX/vH5mousg5zLNDJN0uSjKBDEJmQdAhlwxasTUEqSK21sJHaNCamxMFRuCt/ryOuk26l6z3rh3a62bIo4ynME5XIIHV9CCO2hDByik8Ayv8OZkzovz7nwsW0tOMXMKf+B8/gAfFZES</latexit>

3
<latexit sha1_base64="70uIaXGJ41IJSMH39hSnvqPtAMw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe6SQsugjWUE8wHJEfY2c8mSvb1zd08IR/6EjYUitv4dO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFSl2T9ICT12aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2rerVq7V7t9K4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx8cj49Z</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD 

Forces

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

Compact Diquark-Antidiquark
 L. Maiani, F. Piccinini, A. D. Polosa and 
V. Riquer, Phys. Rev. D 71 (2005) 014028; 
D 89 (2014) 114010.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD 

Forces1,8

<latexit sha1_base64="/96yD5f3N6hhkjZXRxk+WqAOjT8=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRIDKhKykDHChbGItGH1EaV4zqtVceJbAepRPkSFgYQYuVT2Pgb3DQDtBzp6h6dc698ffyYM6Ud59sqbWxube+Udyt7+weHVfvouKuiRBLaIRGPZN/HinImaEczzWk/lhSHPqc9f3a78HuPVCoWiQc9j6kX4olgASNYG2lkV9OhHyA3u8x7MxvZNafu5EDrxC1IDQq0R/bXcByRJKRCE46VGrhOrL0US80Ip1llmCgaYzLDEzowVOCQKi/ND8/QuVHGKIikKaFRrv7eSHGo1Dz0zWSI9VStegvxP2+Q6KDppUzEiaaCLB8KEo50hBYpoDGTlGg+NwQTycytiEyxxESbrComBHf1y+uk26i7V/XGvVNr3RRxlOEUzuACXLiGFtxBGzpAIIFneIU368l6sd6tj+VoySp2TuAPrM8feemSTg==</latexit>

HadroCharmonium (1)

Quarkonium Adjoint Meson (8) E. Braaten, C. Langmack and D. H. 

Smith,  Phys. Rev. D 90 (2014) 01404

S. Dubynskiy, S. and M. B.Voloshin, 
Phys. Lett. B 666,(2008) 344.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

Nuclear 

Forces Hadron Molecule

F-K. Guo, C. Hanhart, U-G Meißner, 
Q. Wang, Q.  Zhao, and B-S Zou, 
arXiv 1705.00141 (2017)

Contact interactions in Chiral Perturbation Theory
Z. H. Zhang et al.,  JHEP 08 (2024) 130
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cc ⊗ …
T+

cc, I = 0
LHCb

Doubly Charmed: J = 1+ : 3, J = 0+ : 6̄
X0(2900) Single Charmed, JP = 0+ : 3 ⊕ 6̄

Ds0(2900)−− Ds0(2900)0

Z(3900)+−0 BES II
Z, I=0??

Z′￼([c̄s̄][cs])

X′￼([c̄s̄][cs])??

Zcs(4020)+−0

Z′￼, I=0??

Z′￼([c̄s̄][cs])

Zcs(4220)??

LHCb

BES II

Zcs(3982)??

BESIII

X+ → J/ψ ρ± → J/ψ π+π0

0.057 < R (0+,00)
2π =

Γ(B0 → K+X− → K+ψ π0π−)
Γ(B0 → K0X(3872) → K0ψ π+π−)

< 0.50

Hidden Charm. : 8 ⊕ 1
9. Summing up

Z([c̄s̄][cs])
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The large European Project: 

Future Circular Collider 


at CERN

Kick-off Meeting of the

Future Circular Collider 
Design Study

University of Geneva, 2014

3. Physics Beyond the Standard Model: the High Energy Way
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Yifang Wang,  50 Years with GIM , TD Lee Institute, 2019, Shanghai Jiao Tong University

CEPC	site	investigation	and	facility	study	

•  More	invitations	from	local	governments:	

Changsha,	Changchun,	…	

•  Recent	visit	to	Shangsha:	best	for	geology	&	

transportation(20	km	from	a	large	city	&	an	

international	airport)	

•  Site	selection	based	on	
geology,	electricity	supply,	

transportation,	environment	

for	foreigners,	local	support	

&	economy,…	

•  North	are	better	for	running	
cost	savings	

•  CDR	study	is	based	on	Qing-
Huang-Dao,	300	km	towards	

the	east	of	Beijing	

Physics Beyond the Standard Model: the High Energy Way
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Geneva Lake

Geneva

Dreams about the future??

• 100 TeV proton Collider is a fantastic challenge

• new innovative technologies: material science, low temperatures, electronics, 
computing, big data

• an attraction for new physics ideas and young talents to solve the hardest 
scientific problem which we have been confronted over the last 100 years.
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Geneva Lake

Geneva

1950’s: National Laboratories in IT, FR, UK, DE...  united forces to make 
CERN-Europa

2030’s: Regional Laboratories in Europe, America, Asia … will they unite in a 

                   Global Accelerator Network -  The World ??

Dreams about the future??

• 100 TeV proton Collider is a fantastic challenge

• new innovative technologies: material science, low temperatures, electronics, 
computing, big data

• an attraction for new physics ideas and young talents to solve the hardest 
scientific problem which we have been confronted over the last 100 years.
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THANK YOU !!
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