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Backup



G = G⇡CJ/ =

= �1(�1) = +1

P = +1 (S � wave)

) Z0
c has JPC = 1+�

IGJPC = 1+1+�

courtesy of A Pilloni



Z(4430)- at LHCb | April 2014

B ! K+( (2S)⇡�)JPG=1++

Signal: 13.9 σ 
Other assignments ruled out at 9.7σ

First observed by BELLE in 2007 and not confirmed by BaBar at that time



Tetraquarks Made of Diquarks

In our schemes tetraquarks could be described in terms of heavy-light diquarks

[cq]i[c̄q̄]
i

Diquark-antidiquark states might be formed in different spin combinations
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One should build a diquark Hamiltonian with degenerate eigenvalues for X(3872) and 
Zc(3900) - look at exp. mass values

A. Esposito, A. Guerrieri, F. Piccinini, A. Pilloni, ADP arXiv:1411.5997, IJMPA



Barely Bound States in TeV Hadron 
Collisions?  

D*

p

p

D

Xk

C. Bignamini, B. Grinstein, F. Piccinini,  ADP, C. Sabelli, Phys Rev Lett, 103, 162001 (2009)

C. Bignamini, B. Grinstein, F. Piccinini,  ADP, C. Sabelli, Phys Lett, B684, 228 (2010)

P.  Artoisenet and E. Braaten, Phys Rev D81, 114018 (2010)

A. Esposito,  F. Piccinini, A. Pilloni, A.D. Polosa,  J. Mod. Phys. 4, 1569, (2013)

F-K. Guo, U. Meissner and Wang, arXiv: 1308.0193, 1402.6236

Pythia !2!2 :: y part "2 :: !#100 nb $1"

0.0 0.2 0.4 0.6 0.8 1.0
0

1

2

3

4

k rel !GeV"

Σ
!nb" Production xsect 300 times  

smaller than the observed one

pmol

? > 5.5 GeV

|ymol| < 1

[…]

k bounded by 50 MeV



)°) (*-D0(Dφ∆

0 20 40 60 80 100 120 140 160 180

)°
 (n

b/
φ

∆
/d
σd

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Production: MC Tuning 

red: cc* HERWIG/PYTHIA 
green: cc*g(recoiling) ALPGEN + HERWIG/PYTHIA 
blue: full qcd HERWIG/PYTHIA

A. Guerrieri, F. Piccinini, A. Pilloni, ADP arXiv:1405.7929; PRD

Comparison to CDF data

+hard cc*

also shower cc*: tend to be collinear



Hadronization Must Proceed through 4q

— All ‘woud-be' loosely bound molecules do not form any bound state.  
— Sometimes a compact 4quark state is formed, but it could be that |α| < |β|,|ɣ| 
— An amplification mechanism might be at work when the closed channel level 
    matches the onset of the continuum spectrum of the two mesons with the same  
    quantum numbers.

| i = ↵|[Qq]3̄c
[Q̄q̄]3ciC + �|(QQ̄)1c(qq̄)1ciO + �|(Qq̄)1c(Q̄q)1ciO

Do we know ‘amplification’ mechanisms between open/closed channels?

A. Guerrieri, F. Piccinini, A. Pilloni, ADP arXiv:1405.7929, PRD



Another Mechanism
Borrow some ideas from cold atom physics. The Fano-Feshbach mechanism.

So shallow that does not bind



Another Mechanism
Borrow some ideas from cold atom physics. The Fano-Feshbach mechanism.

Red: diquark-antidiquark

Blue: loose moleculea ⇠ |C|
X
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Ch[Qq]3̄c
[Q̄q̄]3c , n|HCO|(Qq̄)1c(Q̄q)1ciO

EO � En



Another Mechanism
Consider also that the J/ψ ρ+ is sensibly lower than the related open charm  
charged molecule. This could be why there is no charged X and I-violat.

Hybridization

Red: diquark-antidiquark

Blue: loose moleculea ⇠ |C|
X

n

Ch[Qq]3̄c
[Q̄q̄]3c , n|HCO|(Qq̄)1c(Q̄q)1ciO

EO � En
A. Guerrieri, F. Piccinini, A. Pilloni, ADP arXiv:1405.7929



Y1 = |0, 0i

Y2 =
|1, 0i+ |0, 1ip

2

Y3 = |1, 1iS=0

Y4 = |1, 1iS=2

Like the X; Mass difference due to LSpin (dq basis)

State P (Scc̄ = 1) : P (Scc̄ = 0) Assignment Radiative Decay
Y1 3:1 Y (4008) � +X0

Y2 1:0 Y (4260) � +X
Y3 1:3 Y (4290)/Y (4220) � +X 0

0

Y4 1:0 Y (4630) � +X2

We identify Y(4360) and Y(4660), decaying into ψ(2S)π, as radial excitations of Y(4008) and Y(4260).

Y(4230)M. Ablikim et al. [BESIII Collaboration], arXiv:1410.6538 [hep-ex].

C. Z. Yuan, Chin. Phys. C 38 (2014) 043001

data from BES III Collab.

Negative Parity: L=1

R. Faccini, G. Filaci, A. Guerrieri, A. Pilloni, ADP arXiv:1412.7196, PRD (Y(4230)=Y(4220))



A Brief Tour in the Beauty Sector
M(Z 0
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M(Z 0
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b : kc = Mc : Mb ⇡ 0.30

) 2b ' 36 MeV vs. 45 MeV (exp.)
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but

and comparing to data on 1—>0 and 1—>1 transitions strongly favor  

↵ = �

A. Ali, L. Maiani, ADP, V. Riquer arXiv:1412.2049, PRD

1)

2) heavy spin violation?


