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2000: CERN ANNOUNCES THE DISCOVERY OF A 
NEW STATE OF MATTER

Physics Letters B 477 (2000) 28; 
CERN-EP-2000-013
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DATA FROM THE SPS ON PA & AA
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Slide by Luciano, 2004

Standard QGP  interpretation
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WHAT IS THE EFFECT OF AN HOT RESONANCE GAS 
PRODUCED IN THE COLLISION? (2003)

Discussions with Fulvio Piccinini 

A(x) = Nexp


� x

�

⇡

(T )

�

��1
⇡ = h⇢⇡�⇡J/ !D(⇤)D(⇤)iT =

3

2⇡2

Z 1

Ethr.
⇡

dE⇡
E2
⇡�(E⇡)

eE⇡/T � 1

Wednesday, September 21, 11



WHAT IS THE EFFECT OF AN HOT RESONANCE GAS 
PRODUCED IN THE COLLISION? (2003)

Discussions with Fulvio Piccinini 

A(x) = Nexp


� x

�

⇡

(T )

�

��1
⇡ = h⇢⇡�⇡J/ !D(⇤)D(⇤)iT =

3

2⇡2

Z 1

Ethr.
⇡

dE⇡
E2
⇡�(E⇡)

eE⇡/T � 1

Veronica Riquer Ramirez joins the group and, unexpectedly, Luciano Maiani! 
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Slide by Luciano, 2004

Maiani, Piccinini, Polosa, Riquer, 
Nucl Phys A741, 273 (2004); Nucl Phys A748, 209 (2005);
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AT RHIC 
(USING HAGEDORN GAS MODEL)

Brazzi, Grinstein, Piccinini, Polosa, Sabelli, Phys. Rev D84, 014003 (2011)

1.2<y<2.2 |y|<0.35

At the Hagedorn temperature TH = 177 MeV
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‘THE MAIANI EFFECT’

Slide by F Becattini, 2010

LM goes to CNR

INFN and Theoretical 
Heavy Ion Physics
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‘THE MAIANI EFFECT’

Slide by F Becattini, 2010

INFN and Theoretical 
Heavy Ion Physics
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2003, THE YEAR OF THE ALTERNATING 
PENTAQUARK

PENTA → TETRA
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LIGHT SCALAR MESONS
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Observed by R Jaffe and many others
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DIQUARKS
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Diquark Exoticity

q ⌅�
q̄ ⌅�

= [q ⇥ q ⇤]3̄c,3̄f
or, more precisely, i� = ⇥ijk⇥�⇥⇤ q̄j⇥

C �5q
k⇤

with such a notation we would write

σ(500)

κ(700)

a0/f0(980)

[ud][ūd̄]⇤ ⇥� ⌅
I3=0

[ds][ūs̄]⇤ ⇥� ⌅
I3=�1

[us][ūs̄], [sd][s̄d̄]⇤ ⇥� ⌅
I3=0

[us][d̄s̄]⇤ ⇥� ⌅
I3=+1

[ud][ūs̄], [sd][ūd̄]⇤ ⇥� ⌅
I3=�1/2

[ud][d̄s̄], [us][ūd̄]⇤ ⇥� ⌅
I3=+1/2

⇥ = 3¯3; where 1, 2, 3 = u, d, s

� = 2¯3, 1¯3, + conj. doubl.

f0 =
2¯2 + 1¯1

⇥
2

a0 = 2¯1,
2¯2 � 1¯1

⇥
2

, 1¯2
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HOW DOES F0 DECAY?

The f0(980), [us][u*s*] is known to decay mostly in two pions; 
the kaon channel being closed by phase space.

‘t Hooft, Isidori, Maiani, Polosa, Riquer, Phys Lett B 2008

6-fermion interaction 
induced by instantons.

L1 = g1S
i
j✏i`k✏jmn@µ⇧`

m@µ⇧k
n

L2 = g2Tr S@µ⇧@µ⇧

vs. double annihilation

L1 / Tr(S@µ⇧@µ⇧)� 1
2
TrS Tr(@µ⇧@µ⇧)

L4q = cFL1 + cIL2

L2q = c0
FL2
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BEST FIT

Processes A
th

([qq][q̄q̄]) A
th

(qq̄) A
expt

with inst. no inst. best fit with inst. no inst.

� ! ⇡+⇡� input input 1.6 input input 3.22± 0.04

+ ! K0⇡+

7.3 7.7 3.3 6.0 5.5 5.2± 0.1
f
0

! ⇡+⇡� input [0–1.6] 1.6 input [0–1.6] 1.4± 0.6
f
0

! K+K�
6.7 6.4 3.5 6.4 6.4 3.8± 1.1

a
0

! ⇡0⌘ 6.7 7.6 2.7 12.4 11.8 2.8± 0.1
a
0

! K+K�
4.9 5.2 2.2 4.1 3.7 2.16± 0.04

This is the first global fit which works.

‘t Hooft, Isidori, Maiani, Polosa, Riquer, Phys Lett B 2008

Why not simply invoking the annihilation of strange quarks?
Annihilation would mean 1-the breaking of diquarks 2-the annihilation of strange quarks. 

Instantanton induced interactions proceed directly from the diquarks.
Yet the effective treatment of the problem is at the meson level.
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XYZ, THE NEW CHARM 
SPECTROSCOPY
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WE THOUGHT TO KNEW EVERYTHING 
ABOUT CHARMONIUM ...
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From Godfrey arXiv:0910.3409

... but then (2004/5) the red dots came about
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HEAVY-LIGHT TETRAQUARKS

All the mesons (red dots) in the table are 
NEUTRAL particles whereas the tetraquark model 

predicts also the existence of CHARGED particles like 

[cu][c̄d̄] Q = +1
[cu][d̄s̄] Q = +2

Light states like 

[uu][d̄s̄] Q = +2

are disfavored as the spin one light diquark is itself disfavored

Light diquarks are favored in spin zero.  But because of HQS
this is not the case for an heavy light diquark. We could build 1++ states!

Maiani, Piccinini, Polosa, Riquer, Phys. Rev. D71, 014028 (2005)
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There are two kind of leaders, those who 
drain energy from their collaborators and 

those who generously spread their own and 
are able to transmit enthusiasm and 

optimism. 

Luciano is of the second kind!
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XH4350 L
YH4274 L

XH3940 L
YH3915L

YH4660 L
YH4630 L

YH4350 L

YH4260 L

XH4160 L

GH3900 L
YH4008 L

XH3872 L

0+ DD

1+ DD*

J+ D*D*

1- DD1

2- DD2

J- D*D1

J- D*D2

0+ DsDs

1+ DsDs
*

J+ Ds
*Ds
*

0++ hc'p-110.hcw

1+- y'p

J++ Hyw-yrL

0++ hc h '
0-+ Hcc0 h - hc f0L
1+- hc f

1-+ cc1 h - 1+- yh '
1-- Hyf0-hch<
2-+ cc2h
J++ yf

1-- Hcc0w-cc0rL
1+- y'h

J+- Hhcw-hcrL
J--Hcc2w-cc2rL
1-+ cc0h'
0++ cc0f0
1+-Hhc'w-hc'rL1-- cc0f

J++ y'wêr- 1-+ cc1h'
1++ cc1f0 - 1-- hch'
2-+cc2h'- 1+- hcf0

J-+ hcf - 2++ cc2f0

J-- cc2f
0++ hc'h'
0-+ hc'f0

1+- y'h'
1-- y'f0
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PROMPT PRODUCTION

�(pp̄ ! X(3872)) ⇠
����
Z

d3khX|DD̄⇤(k)ihDD̄⇤(k)|pp̄i
����
2

'
����
Z

R
d3khX|DD̄⇤(k)ihDD̄⇤(k)|pp̄i

����
2


Z

R
d3k| (k)|2

Z

R
d3k|hDD̄⇤(k)|pp̄i|2


Z

R
d3k|hDD̄⇤(k)|pp̄i|2

Using Pythia & Herwig we can compute

�
max

(pp̄ ! X(3872)) =
Z

R
d3k|hDD̄⇤(k)|pp̄i|2

where R ⇠ [0.40] MeV

as k ⇠
p

2µ(�0.25 + 0.40) ' 17 MeV

D*

p

p

D

Xk

Bignamini,Grinstein, Piccinini, Polosa, Sabelli Phys Rev Lett 2009
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