
new evidence of 4q 
structure in the X system

ad polosa
infn roma i - la sapienza



B(X → π+π−π0J/ψ)
B(X → π+π−J/ψ)

= 1.0± 0.4± 0.3

isospin violation and two X’s

from early observations by belle and babar (`03-`04)

D(I=1/2)

D*(I=1/2)

molecules

~1 fm

4-quarks

no problem with isospin 
violation :: 1 state :: 
small decay rate to DDπ need two states, and make 

isospin violation possible

Xu = [cu][ūc̄]
Xd = [cd][d̄c̄]



find these two X’s in data

a mass difference Xu-Xd of about ~ 5 MeV was 
predicted :: they could appear in B+ and B0 separately

B+ → K+Xu with rate Γ1

B+ → K+Xd with rate Γ2

suppose Γ1 " Γ2 ! Γ4 " Γ3

B0 → K0Xu with rate Γ3

B0 → K0Xd with rate Γ4

difference in mass from data not significative



M(J/ψπ+π−) = 3871.2± 0.5 MeV (World Average)



are there two different X particles?

:: the two neutral states in the 4q-complex ::

:: our hypothesis: two X, generically produced in B+0 ::

Xu ≡ X state decaying into D0D̄0π0 = X(3876)
Xd ≡ X state decaying into J/ψπ+π− = X(3872)

X+ = [cu][c̄d̄] X− = [cd][c̄ū]
Xu = [cu][c̄ū] Xd = [cd][c̄d̄]

it is tricky that Xd turns out to be lighter than Xu

(maybe electrostatics is responsible for this)

how far is this picture consistent with a four quark model?

However, the assumption, that Xu and Xd would decay in J with similar 
branching ratios was not justified and the earlier scheme is 
superseded by the one presented here. 



b̄ + (u)→ c̄ + cs̄ + (u) + qq̄

(
B0

B+

)

J/ψ

=
B(B0 → K0Xd)B(Xd → J/ψπ+π−)
B(B+ → K+Xd)B(Xd → J/ψπ+π−)

=
B(B0 → K0Xd)
B(B+ → K+Xd)

=

=
B(B+ → K+Xu)
B(B0 → K0Xu)

=
B(B+ → K+Xu)B(Xu → DD̄π)
B(B0 → K0Xu)B(Xu → DD̄π)

=
[(

B0

B+

)

DD̄π

]−1

a remarkable fact

A(B+ → K+Xu) = V + S = A(B0 → K0Xd)
A(B+ → K+Xd) = V = A(B0 → K0Xu)
A(B+ → K0X+) = S = A(B0 → K+X−)

(V)alence and (S)ea 
needed to build the final 
state Kaons :: observe 
that the inverted 
pattern with B0 was 
already observed in our 
first paper

as a consequence we have 

f = J/ψπ+π− f = D0D̄0π0

B(B± → K±X)B(X → f)×105 1.05± 0.18
1.01± 0.25± 0.10

10.7± 3.11.9
3.3

−−−−

B(B0 → K0X)B(X → f)×105 −−−−
0.51± 0.28± 0.07

17.3± 7.03.1
5.3

−−−−

(B0/B+)f
−−−−

0.50± 0.30± 0.05
1.62± 0.80

2.23± 0.93± 0.55

what data tell (X(3872) and X(3876) appear to be related by u⇔d symmetry!)

(∆I = 0)



decays

possible decay modes:

1 :: annihilation into gluons (> 2) giving a multihadron uncharmed final state

3 :: quark rearrangement (via tunneling) giving open charm or ψ

>=3 for 
spin 
parity 1+

rate expected to be similar to: Γann(X) ! Γ(χc1) = 0.96 MeV

2 :: annihilation X → gg + qq̄

1MeV sets the 
scale of the 
background of 
multihadronic 
decays

but ccb are j=1 (voloshin), so ↛ to two gluons

or
c

q

c

q

q

c

q

c

(red twists)

DD̄∗

J/ψρ
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qualitatively we expect that :: (1) must be small (flavor)  :: (2) is larger than (3)

alternative: twist c
and make j/ψ

we could twist here c as 
well; but the *cheapest* 
alternative is still DD*

decays

u
d

s

c

a qualitative picture
 of the barriers

by quark flavor conservation Xd should 
decay in D+D*- :: phase space forbidden. 
D0D*0 is suppressed twice because uu ↔ dd

& because of a small `reduced rate`



B(Xd → J/ψπ+π−) " 1
20
B(Xu → D0D̄0π0)

the barrier, qualitatively from data:
(

B0

B+

)

DD̄π

=
∣∣∣∣

V

V + S

∣∣∣∣
2

! 2→ S

V
!

{
−0.3
−1.7

R =
B(B+ → K+Xu)B(Xu → D0D̄0π0)
B(B+ → K+Xd)B(Xd → J/ψπ+π−)

" 10

and

R =
∣∣∣∣
V + S

V

∣∣∣∣
2 B(Xu → D0D̄0π0)
B(Xd → J/ψπ+π−)

and

therefore it follows

visibility limit (no suspect of two interfering structures)

B(B+ → K+Xu)B(Xu → ψππ) <
1
3
× B(B+ → K+Xd)B(Xd → ψππ)

rosso 
inventato...

B(Xu → ψππ) ! 1
30
× B(Xu → DD̄π)

we put the X_u 
here because 
we trust that 
it decays in psi

⇒



Γ(Xu,d → f) = |λ|2γ(f)u,d

f = J/ψπ+π− f = D0D̄0π0 f = D+D−π0 f = J/ψπ+π0 f = D+D̄0π0

X(3876)=Xu → f 0.59 0.26 4.5·10−7 — —
X(3872)=Xd → f 0.56 0.0102 0 — —
X+(3877)→ f — — — 1.2 0.129
X+(3876)→ f — — — 1.2 0.059

effective decay lagrangian

Leff = λu
ψV

1
Mρ

εµνρσ(pV )µVνψρX
(u)
σ + λu

D∗D X(u)µ(D̄∗0
µ D0 − D̄0D∗0

µ ) "

" λu
ψV X(u) · (V × ψ) + λu

D∗D X(u) · (D∗0D0 −D∗0D̄0)

from what discussed above we expect 

λu
ψV ! λu

D∗D

let us compute the reduced rates γ of the decays according to:

the reduced rates found for the 3-body decays at hand are

how the limit in 
the latter slide 
transforms in a 
value for the 
couplings?

n.b. the ρ is 
much broader 

than D* 
(factor 
~2000) 



B(Xu → ψππ) ! 1
30
× B(Xu → DD̄π)

using the result obtained before

and the ratio of reduced rates 0.26/0.59 from table, we get indeed

λu
ψV

λu
D∗D

∼ 0.13

and Γ(Xu → J/ψπ+π−) " Γ(Xd → J/ψπ+π−) ≤ 0.1 MeV

couplings

picture

• Xu: Γ(multi-g)≈1 MeV,        Γ(D0D0π0)≈1-3 MeV (B=0.5 to 1); B(ψππ)= negl.

• Xd: Γ(multi-g)≈1 MeV,        Γ(ψππ)≈0.1 MeV (B=0.05); Γ(DDπ)= 0.

• X+: Γ(multi-g)≈0.1-1 MeV, Γ(ψππ)≈0.2 MeV; Γ(DDπ)= strongly mass dependent,                                   
may be dominant for M>3876

but we expect X+ 
just in between of 
Xu and Xd. u-->d 
but a repulsion 
transforms into 
attraction



the yet unobserved X+-

B(B+ → K0X+)B(X+ → J/ψπ+π0) ≤ 2.2× 10−5

B(B0 → K+X−)B(X− → J/ψπ−π0) ≤ 0.54× 10−5

experimental bounds

B(X+ → J/ψπ+π0) ≤
∣∣∣∣
V + S

V

∣∣∣∣
2

× 0.54
0.51

× B(X(3872)→ J/ψπ+π−) $ 0.25

B(X− → ψπ−π0)
B(Xd → ψππ)

≡ B(B0 → K+X−)B(X− → ψπ−π0)
B(B0 → K+X−)B(Xd → ψππ)

≤

≤ 0.54× 10−5

B(B0 → K+X−)B(Xd → ψππ)
B(B0 → K0Xd)
B(B0 → K0Xd)

=
0.54
0.51

B(B0 → K0Xd)
B(B0 → K+X−)

%

%
∣∣∣∣
V + S

S

∣∣∣∣
2

× 0.54
0.51

using previous results we get

i.e., the limit



summary

are x(3872) and x(3876) two different particles? we guess 
so and identify them as the xd and xu of the 4q model  

indeed they can effectively be accomodated as the 
neutral components of a complex of four states 
containing also two charged particles

maybe the charged partners have to be searched                                        
in open charm final states:

see maiani, polosa, riquer arXiv:0707.3354

X+ → D+D−π0



masses



but...
belle and, very recently, babar 

report a peak in DDπ at a mass 3875
~2.5 MeV away from X(3872)!

two states?

By Swanson hep-ph/0311229

molecules? ddπ is observed to occur 
at a larger rate than jρ 

Γ(DDπ) ∼ Γ(D∗0) = 70 KeV

which agrees with the simple expectation
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