
0.03 0.04 0.05
-0.046

-0.042

-0.038

a(2)
0

a(1)
1

Allowed region for 
, , a(0)

0 = 0.22 z0 = 0.365
z2 = 2.055

Kink for the best fi
 a(0)

0 = 0.22 z0 = 0.367
z2 = 2.04

The Kink

Obj(θ) = a(1)
1 cos θ + a(2)

0 sin θ



S(I)
J

s/m2
π S0 P

D2

Re
Im
Abs

50 100 150 200 250

-1.0

-0.5

0.5

1.0

50 100 150

-1.0

-0.5

0.5

1.0

50 100 150 200 250 300 350

-1.0

-0.5

0.5

1.0

50 100 150 200 250

-1.0

-0.5

0.5

1.0

50 100 150 200 250 300

-1.0

-0.5

0.0

0.5

1.0

100 200 300 400

-1.0

-0.5

0.5

1.0

S2

D0 F

Step 1: Solution from the Bootstrap
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Step 2: Particle Swarm Optimization
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Full Spectrum < 1.4 GeV, with G-parity +1



Bootstrap
PDG average

Separate estimates 
taken from PDG
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The Tetraquark

, M ∼ 2GeV
Γ ∼ 600MeV

Can we look into ?B+ → D−π+π+



The Tetraquark (news)

Data we had no idea about
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High energy behaviour



e

Input Output
★ Experimental phase shifts 

data for , , ,  waves 

★ Inelasticity model for , , 
,  waves 

★  chiral zeros  

★  resonances ,  ,  
,  

S0 S2 P D0

S0 S2
P D0

∃

∃ ρ(770) f0(980)
f0(1370) f2(1270)

✤ Fit for the phase shifts, chiral 
zeros, resonances positions 

✤ Scattering lengths and 
effective ranges for any isospin 
and spin  

✤ , ,  waves for   
compatible with PT  

✤  phase shift and inelasticity 
compatible with experiments 

✤ Dynamical generation of , 
,  resonances, plus a 

tetra quark 

✤  and  cross sections

ℓ < 2

S0 S2 P 0 < s < 4
χ

D2

σ
ρ(1450) ρ3

σπ+π− σπ−π−

Overview



1) Remove Spectrum assumptions and generate the whole spectrum dynamically

Outlook

2) Study complex spin Regge trajectories and understand their non-perturbative pattern

3) Include better data from lattice and other experiments

4) Study the couples system , ,  and fit inelasticity 
(systematic at the moment)

ππ → ππ ππ → KK KK → KK

5) Work in synergy with lattice groups and study properties of glueballs


