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FIRST ENCOUNTER ’97 (PERSONAL RECOLLECTIONS)

“…you are a frustrated mathematician,   
go to get some real physics from Gatto”                                
(G. Nardulli, my PhD supervisor in Bari)

“La physique, la déception de ma vie…”      
(Gatto… Did I understand well??)                                



THE HIERARCHY OF SAINTS

Testo

                             Gatto 

                 Roberto Casalbuoni 

Ferruccio Feruglio, Giuseppe Nardulli 

                Nicola Di Bartolomeo 

     Aldo Deandrea,  Daniele Balboni 

Francesco Botticini — The Assumption of the Virgin 

Nicola was my hero, and Ferruccio was his hero. Casalbuoni was to me an abstract entity and Gatto was `the voice over the phone’. 



THE `CQM’ (CONSTITUENT QUARK-MESON) PROJECT
The initiative apparently was taken by Beppe (Nardulli) and Nicola.  

But Gatto directed decisively the discussion with a variety of almost  

imperceptible gestures of face (encoding meanings better known only  

to closer collaborators) and very short, sharp, comments. 

Testo



CQM LAGRANGIAN
ℒ = ℒll + ℒhl

ℒll = χ̄(γ ⋅ (i∂ + 𝒱) − m)χ + χ̄γ ⋅ 𝒜γ5χ +
fπ
8

Tr[∂μΣ∂μΣ†]

χ = ξ q, ξ = ei π
fπ = 1+⋯, Σ = ξ2, gA = 1 (NJL)where

ℒhl = Q̄v (iv ⋅ ∂) Qv − [χ H Qv+h . c.] + G Tr[HH] + ⋯

where H =
1 + γ ⋅ v

2
[P*μ γμ − Pγ5]

⟨0 |P |Qq̄(0−)⟩ = MH ⟨0 |P*μ |Qq̄(1−)⟩ = MH ϵμ

Qv(x) = eim v⋅xQ(x) = hv(x) + Hv(x)O(1/mQ)

𝒱μ =
1
2

(ξ†∂μξ + ξ∂μξ†)

𝒜μ = −
i
2

(ξ†∂μξ − ξ∂μξ†)



CQM LOOPS

In the soft-pion limit (s.p.l.) one could compute for example the 

D*-D-pion  strong coupling. (k is the `residual` momentum of HQET)    

gD*Dπ
ϵ ⋅ q

fπ
∝ ZH MH ∫ d4ℓ

Tr[ (ℓ ⋅ γ + m) ( qμ

fπ
γμγ5) (ℓ ⋅ γ + m) γ5

(1 + γ ⋅ v)
2 γ ⋅ ϵ]

(ℓ2 − m2)2 (v ⋅ ℓ + Δ)

We found later an ingenious way to go beyond the s.p.l.



CQM LOOPS

Tr[H Π(v ⋅ k) H] = − iNc ∫ d4ℓ
Tr[ H ((ℓ − k) ⋅ γ + m) H]

(ℓ2 − m2)2 (v ⋅ ℓ + Δ)

Π(v ⋅ k) ≃ Π(Δ) + Π′�(Δ)(v ⋅ k − Δ)

Hren =
H
ZH

provided G = Π(Δ) where
1

ZH
= Π′�

In this way one could obtain (by subtracting from 𝓛hl this counterterm)  

[Casalbuoni, Deandrea, Di Bartolomeo, Feruglio, Gatto, Nardulli, Phys Rept 281 (1997) 145] 

ℒeff = Tr[Hren(iv ⋅ ∂ − Δ)Hren]



‘EL CABALLERO DE LA SIGMA’ (E. DE RAFAEL)

Gatto helped me to find a post-doc in Europe. I got two offers: Barcelona and Helsinki.  

Being from Bari, I opted for Helsinki! There I met Nils Tornqvist, who was obsessed by 

the problem of the sigma meson.

The ‘new’ contribution was 
B → σπ

Something I knew how to estimate with the CQM model — Gatto, Nardulli, Polosa, Tornqvist, PLB494(2000) 168



LOS CABALLEROS DE LA SIGMA
But the suspect that the sigma, and other light scalars, where not a ‘standard mesons’  

was rather strong.

—What do you think Prof Gatto? 

—``Molto interessante…’’ …and he was right!!

Nothwithstanding the catastrophic `very interesting’ verdict, 

we decided to speculate on the molecular hypothesis. 



TETRAQUARKS FROM THE PENTAQUARK
In 2003 there was the K+n pentaquark explosion.  

Jaffe & Wilczek wrote a brilliant paper on ``Diquarks and Exotic Spectroscopy’’ 

to explain the pentaquark as a [ud][ud]s*. We thought to tetraquarks instead.

From A Ali, L Maiani, ADP, Multiquark Resonances, Cambridge U. Press (2019)
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SCALAR TETRAQUARKS



LOS CABALLEROS DE LA SIGMA II



J/Ψ SUPPRESSION AT NA50
CQM turned out to be useful to another project we worked to, back in 2004: 

can the J/ψ suppression signal claimed by the NA50 collaboration be explained  

simply with  

π + J/ψ → D + D*

where the J/ψ is assumed to be produced in a thermalized pion gas (Björken). 

The temperature and energy density of the pion gas are determined from low  

centrality collisions (and extrapolated to higher centrality).



J/Ψ SUPPRESSION AT NA50

The nuclear absorption is due to

𝒜 ∝ exp(−ρnucl γ × L/γ × σnucl)

The attenuation due to `comoving` particles is 

where the σnucl was determined by NA50 from  
p + A → J/ψ + anything

𝒜 ∝ exp( − ∑
i

⟨ρiσi⟩T ×
3
8

ℓ )



J/Ψ SUPPRESSION AT NA50
The total absorption is

𝒜(ℓ) = N exp(−ρnucl × L(ℓ) × σnucl) × exp( − ∑
i

⟨ρiσi⟩T(ℓ) ×
3
8

ℓ )

The impact parameter b is measured collision by collision from debris.  

L is obtained from b using the Glauber model  and finally 𝓁=2R-b.  

In addition to pions, the contribution of ϱ,ω was found to be relevant.  

Here:

T(ℓ) = T0 × ( g(1 − ℓ/R)
g(1 − ℓ0/R) )

1/4

The function g was found studying geometrically the variation of the  

(surface) energy density with b.



J/Ψ SUPPRESSION AT NA50

𝒜(ℓ) = N exp(−ρnucl × L(ℓ) × σnucl) × exp( − ∑
i

⟨ρiσi⟩T(ℓ) ×
3
8

ℓ )

Comparison to data



THE X, Y, Z EXOTIC RESONANCE EXPLOSION 
Differently from the `old’ light pentaquark, the X(3872) has been observed  

by all collider experiments (Belle, CDF, BaBar, D0, Bes, CMS, ATLAS). 

It looked immediately as a very strange (1++) charmonium.  

Right at the DD* meson threshold but  with high xsect at pp(p*).

Esposito et al. 



DIQUARKS: REPULSION AT SMALL DISTANCES?
Two quarks can be found in the color representations 

3̄c or 6c

The antisymmetric representation is attractive, and the symmetric is repulsive (one-gluon-exchange).   

A diquark and an antidiquark attract at ‘large’ distance, but, at small distances, the compositeness of  

the diquark might play a role: there could be a component in the mutual potential increasing at  

decreasing distance — to disintegrate the diquarks their binding energy must be overcome.  

If this wins against the decrease due to color attraction there could be a short distance barrier 

 stabilizing the tetraquark.

II I

E=-B
ℓ

ℓ

-��

0

�

�

Selem and Wilczek, hep-ph/0602128

Maiani, ADP, Riquer, PLB778 (2018) 247

Esposito, ADP,  1807.06040



TOTAL WIDTHS OF X AND Z TETRAQUARKS
One can find a formula for the total width of X,Z states

Γ ≃
π2

R
m

mdq
exp( − 2ℓ 2 M B) δ

Where M is the mass of the quark making the tunneling, m the mass of the final  

state mesons, and  mdq the mass of the diquark(s). 

𝞭 = the mass gap between the observed tetraquark and the meson-meson threshold. 

Esposito, Pilloni, ADP, PLB758 (2016) 292
Esposito, ADP,  1807.06040



BACKUP

where

ℒhl ⊃ h̄v(iv ⋅ D)hv +
1

2mQ
h̄v(iD̃)2hv +

g
4mQ

h̄v(σμνGμν)hv + O(1/m2
Q)

[Dμ, Dν] = − igGμν D̃μ = Dμ − vμv ⋅ D v/hv = hv

k ∼ ΛQCD < Λχ = 4πfπ ∼ 1 GeV

M > mQ + m ↦ v ⋅ k > m or inf(k) = m ∼ 300 MeV

mQ v — is not dynamical due to the superselection rule on v

Δ = M − mQ + O(1/mQ)

Used 0.3, 0.4, 0.5 GeV



MY LAST MEETING WITH GATTO, IN PERSON

To express my gratitude to Gatto, soon after my PhD thesis discussion, and before 

leaving for Finland, I made him a small present — an OMAS pen. 

Being a ‘connaisseur’ of fountain pens, I was quite satisfied with my choice.   

— Ohh, what is this?  

— An OMAS pen Prof.,  it is a very special Italian brand 

— I see … I thought Aurora were the best ones … 

— Very interesting   

The only time I have been in the position to shoot a `very interesting` to him


