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1. Experimental Background
X(3872)

♦ Basic information
• Close to the threshold of D0D̄∗0:

mX = (3871.2± 0.5) MeV [M(D0D̄∗0) = 3871.81± 0.36 MeV]

• Narrow: ΓX < 2.3 MeV

• Quantum number: JPC = 1++(2−+?)

♦ Decay modes
B(B±→ K±X)× B(X → ρ(π+π−)J/ψ) = (1.14± 0.20)× 10−5

Rρ/γ =
Γψρ
Γψγ

= 4-7

Rρ/ω =
Γψρ
Γψω

= 1.0± 0.5

– ω → π+π−π0 for m3π > 0.75 MeV [ Belle:hep-ex/0505037]
– Not confirmed by Babar for m3π > 0.7695 MeV [ Babar: arXiv:0711.2047]

– Rρ/ω ' 1 shows that there is large isospin violation in decays of X.

http://192.9.200.1
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X(3872)
♦ Production
• B-production

B+ = B(B+ → X(3872)K+) < 3.2 × 10−4 Babar: PRL 96(2006) 052002

Rn/c = B(B0→X(3872)K0)
B(B+→X(3872)K+)

= 0.50± 0.30± 0.05 Babar: PRD 73(2006) 011101

Rn/c = 0.94± 0.24± 0.10 K. Trabelsi [Belle Collaboration], This Workshop

• Production at hadron collider

– Comparison of event-yield fractions for X and ψ′ in the following regions:
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X(3875)

Moriond QCD 2007                              Grenier Philippe 11

Study of B  D(*)D(*)K decays: X(3875)?

BELLE: observation of: B X(3872)K± , X(3872) D0D0 0

PRL 97, 162002(2006)

414 fb-1

M = 3875.4 ± 0.7 2.0
+1.2MeV /c 2

B(B± K ±X,X D0D
0 0) = (1.27 ± 0.31 0.39

+0.22)10 4

B(X D0D
0 0)

B(X J / )
= 9.7 ± 3.4

BABAR: B  (*)D(*)K+

M = 3875.6 ± 0.7 1.5
+1.4MeV /c 2Mass:

 very good agreement btw experiments

 2.5  away from X J/ + : X(3875)?

II- search for (*)D(*) resonances

B+ 0D*0K+ + *0D0K+

B0 0D*0K0 + *0D0K0
with D*0 D0 0 and D0

 New Result-Preliminary

also: (3770) D : M= 3777.5 ± 3.2 MeV/c2

R(B0/B+)=2.23 ± 0.93 ± 0.55

m(B0/B+) = 0.2 ± 1.6 MeV/c2

347 fb-1
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m(B0/B+) = 0.2 ± 1.6 MeV/c2

347 fb-1

also in Babar: arXiv:0708.1565v2

mX = 3875.4± 0.7+1.2
−2.0 MeV 3875.1+0.7

−0.5 ± 0.5 MeV

B+ · B(X → D0D̄0π0) = (1.02± 0.31+0.21
−0.29) · 10−4 (1.67± 0.36± 0.47) · 10−4

Rn/c = B(B0→XK0)
B(B+→XK+) = 1.7± 0.9 (1.33± 0.69± 0.43)

Rρ/DDπ =
Γψρ

ΓDDπ
= 0.11± 0.05 (0.07+0.3

−0.2)

http://192.9.200.1
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Z+(4430)

THE M(π+ψ′) MASS DISTRIBUTION

The open histogram in Fig. 3 shows the M(π+ψ′) distribution for events in the Mbc-∆E
signal region and with the K∗ veto applied. The bin width is 10 MeV. The shaded histogram
shows the scaled distribution from ∆E sidebands (|∆E±0.070| < 0.034 GeV). Here a strong
enhancement is evident near M(πψ′) ∼4.43 GeV. This peak is the subject of this report.

3.8 4.05 4.3 4.55 4.8
M(π+ψι) (GeV/c2)

0

10

20

30

E
ve

nt
s/

0.
01

 G
eV

/c
2

FIG. 3: The M(π+ψ′) distribution for events in the Mbc-∆E signal region and with the K∗ veto

applied. The shaded histogram show the scaled results from the ∆E sideband. The solid curves

show the results of the fit described in the text.

The background level in the M(πψ′) = 4.43 GeV region estimated from the scaled ∆E
sidebands is relatively small: B/(S + B) = (8.7 ± 1.7)%. This is confirmed by fits to the
Mbc and ∆E distributions for the same mass interval, which give B/(S+B) = (8.5± 2.5)%
and (7.9± 2.4)%, respectively.

We fit the M(πψ′) invariant mass distribution with a simple BW function to model the
peak plus a smooth phase-space-like function fcont(M), where

fcont(M) = N q(Q1/2 + A1Q
3/2 + A2Q

5/2). (1)

Here q is the momentum of the π+ in the πψ′ rest frame and Q = Mmax − M , where
Mmax = 4.78 GeV is the maximum M(πψ′) value possible for B → Kπψ′ decay. The
normalization N and two shape parameters A1 and A2 are left as free parameters in the
fit. This form for fcont(M) is chosen because it mimics two-body phase-space behavior at
the lower and upper mass boundaries. (Since the M(πψ′) distribution for the non-peaking
B-meson and the ∆E sideband events have a similar shape, we represent them both with a
single function.)

7

Belle (arXiv:0708.1910)

mZ = 4433± 4± 1 MeV [M(D∗D1) = 4430± 4 MeV, M(D∗D′
1) = 4435± 26 MeV]

ΓZ = 44+17
−13

+30
−11 MeV

B(B → KZ)B(Z → π+ψ′) = (4.1± 1.0± 1.3)× 10−5

Rψ′/ψ =
ΓZ→ψ′π
ΓZ→J/ψπ

� 1 ”J/ψ suppression problem”

http://192.9.200.1
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2. X(3872): Theory
2.1. Before 2007
• Highlight

– Closeness to the thresholdµmX −M(D0D∗0) = −0.6± 0.6 MeV

– Isospin violationµRρ/ω ∼ 1

– Small width & Large production rate

– X(3872) v.s. X(3875)

• Molecule model

– Mass§JPC§Rρ/ω§,,

– B-productionµB < 1× 10−4§Rn/c < 0.1

– DecayµRρ/DDπ > 10

• Charmonium modelµχ′c1

– Large production rate

– massµPotential models§Lattice§Coupled channel effects

– DecaysµIsospin violationº

• Other interpretationsµ1++ cusp, hybrid charmonium, tetraquark state...

http://192.9.200.1
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2.2. X(3872) as a charmonium state χ′c1

♦ B-Production (C.M., Y.J. Gao and K.T. Chao, hep-ph/0506222)
Experimental Data Charmonium Model Molecule Models

104 × Br+ 1.0-3.2 3-6 0.07-1.0d

0.5± 0.3± 0.05a 0.7-0.9 < 0.1d

Rn/c 1.7± 0.9b 0.06-0.29e

0.94± 0.24± 0.10c

1

a. BaBar, using X → J/ψπ+π−, PRD 73 011101

b. Belle, using X → DDπ, PRL 97 162002

c. K. Trabelsi [Belle Collaboration], using X → J/ψπ+π−, This Work-
shop

d. E. Braaten and M. Kusunoki, PRD 71 074005

e. E.S. Swanson, Phys. Rept. 429 243

• As a by-product: B(X → J/ψπ+π−) = (2-4)%

http://192.9.200.1
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♦ Large-PT Production at Tevatron
• Relativistic expansion of Fock state

|ψ〉 = O(1)|cc̄(3S1)〉1 +O(v)|cc̄(3PJ)〉8 +O(v2)|cc̄(3S1)〉8 + ...

σ(PT ) ∝ P−8
T P−6

T P−4
T

|χcJ〉 = O(1)|cc̄(3PJ)〉1 +O(v)|cc̄(3S1)〉8 + ...

σ(PT ) ∝ P−6
T P−4

T

• The large PT production rate of ψ′ and χ′c1 are both mainly from the matrix
elements of operator O8(3S1), so that their kinematical distributions should
be similar, as we have seen.

• Provided 〈O8(3S1)〉ψ
′ ≈ 〈O8(3S1)〉χ

′
c1, the production rates will be equal.

That can be used to deduce

B(X → J/ψππ) ≈ (4-6)%

http://192.9.200.1
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♦ Decays of X(3872) as charmonium (C.M. and K.T. Chao, PRD 75 114002)
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• Rρ/ω ∼ 1 is consistent with experimental data very well.

– The large isospin violation is due to both the difference between thn =

mD0 + mD∗0 and thc = mD+ + mD∗− and the large difference between
the phase spaces of J/ψρ and J/ψω.(M. Suzuki, PRD 72 114003)

• The prediction on Rρ/DDπ is roughly consistent with experimental data
when mX < thn, but about two order smaller when mX > thn.

♠ Experimental data favor charmonium model if mX < thn.

http://192.9.200.1
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2.3. Coupled-channel effects

([1] Yu.S. Kalashnikova, PRD 72 034010; [2] B.Q. Li and K.T. Chao, in prepa-
ration)

• Summary of Ref. [2]:

– The physical state with JPC = 1++ has a mass solution near the thresh-
old within 10 MeV.

– The mass spliting between 1++ state and 2++ state is about 60 MeV,
which is consistent with the measurement of mZ(3930) if the Z(3930)

state can be identified with χ′c2.

– In the 1++ physical state, the probability of bare χ′c1 state Z = (20-70)%,
which is very sensitive to the exact value of mass.

• The influences on our naive charmonium model:

– The predictions on the production rates and the partial widths should
scale as Z.

– The coupling constant gXDD∗ should scale as
√
Z.

– The ratios Rρ/ω and Rρ/DDπ are insensitive to Z.

– No evident contradictions between the coupled-channel improved char-
monium model (CCICM) and the experimental data if Z > 30%.

http://192.9.200.1
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2.4. X(3872) as a virtual state
[C. Hanhart et al., PRD 76 034007]
♦ Fit by a virtual state

D0 �D�0 threshold, with the peak width (defined as the width
at the peak half-height) close to the upper limits given by
Eq. (26) or (27). The values of the coupling gwere found to
be of the order of magnitude or larger than 0.3. Finally, the
fits exhibit the scaling behavior: They remain stable under
the transformation

 g! 
g; Ef ! 
Ef; f� ! 
f�;

f! ! 
f!; B! 
B;
(36)

with tiny variations of the phase 	 in case B.
In Tables I and II, we present the sets of the best fitting

parameters—for both case A and case B and for
g � 0:3—for the Belle (Table I) and BABAR (Table II)

data on the ����J= mode and for the Belle data for the
D0 �D0�0 mode. To assess the quality of the fits, we calcu-
late the ����J= distributions integrated over the 5 MeV
bins, as in Refs. [1,25], and the D0 �D0�0 distributions
integrated over the 4.25 MeV bins, as in Refs. [20,26].
The results are shown at Fig. 1 together with the experi-
mental data.

The above-mentioned scaling behavior does not allow
one to perform a proper fit with the estimate of uncertain-
ties in the parameters found. Indeed, the parameters of the
best fits found for the values of coupling constant g larger
than 0.3 differ only by a few percent from the ones given by
the scaling transformation (36), and the corresponding
distributions are very similar to those given at Fig. 1.

As seen from the figures, acceptable fits require the
D0 �D�0 differential rate to be peaked at around 2–3 MeV
above the D0 �D�0 threshold. The scattering length in the
D0 �D�0 channel, which follows from the expression (6) of
the D0 �D�0 scattering amplitude, is given by the expression

 a � �

������������
2�2�

p
� 2Ef=g� i��0�=g

�
������������
2�2�

p
� 2Ef=g�

2 � ��0�2=g2
(37)

and is calculated to be

 a �
�
��3:98� i0:46� fm; case ABelle;
��3:95� i0:55� fm; case BBelle

(38)

and

TABLE II. The set of the Flattè parameters for the best fits to
the BABAR data of Ref. [25] and the Belle data of Ref. [20].

Fit g f� f! Ef, MeV B � 104 	

ABABAR 0.3 0.0042 0.021 �8:8 11.4 � � �

BBABAR 0.3 0.0056 0.027 �8:8 8.9 �153

TABLE I. The set of the Flattè parameters for the best fits to
the Belle data [1,20].

Fit g f� f! Ef, MeV B � 104 	

ABelle 0.3 0.0070 0.036 �11:0 11.0 � � �

BBelle 0.3 0.0086 0.046 �10:9 8.9 �144

FIG. 1. Upper plots: Our fits to the differential rates for the ����J= channel measured by the Belle [1] and BABAR [25]
Collaborations using prescriptions A and B [see Eqs. (31) and (32)]. Lower plots: Corresponding fits for the differential rates in the
D0 �D0�0 channel measured by the Belle Collaboration [26]. The distributions integrated over the bins are shown in each panel as solid
dots, experimental data as solid squares with error bars.

RECONCILING THE X�3872� WITH THE NEAR- . . . PHYSICAL REVIEW D 76, 034007 (2007)

034007-5

E = mX − thn

Scattering length: a ≈ −4 fm

Rρ/DDπ = 0.1

http://192.9.200.1
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♦ Fit by a molecule state

 a �
�
��3:10� i0:16� fm; case ABABAR;
��3:10� i0:22� fm; case BBABAR:

(39)

The real part of the scattering length for all of the fits
appears to be large and negative, and the imaginary part
is much smaller. This, together with the beautiful cusp in
the ����J= mass distribution, signals the presence of a
virtual state in the D0 �D�0 channel. The cusp scenario for
the ����J= excitation curve in the X�3872� mass range
was advocated in Ref. [27]. The X�3872� as a virtual D �D�

state was found in the coupled-channel microscopic quark
model [7].

A large scattering length explains naturally the scaling
behavior of the Flattè parameters. Such a kind of scaling
was described in Ref. [28] in the context of light scalar
mesons properties: The scaling behavior occurs if the
scattering length approximation is operative. In the case
of X, the situation is more complicated, as there are two
near-threshold channels, neutral and charged.
Nevertheless, if it is possible to neglect the energy E in
the expression (7) for the Flattè denominatorD�E�, then, as
seen from the expression (6), scaling for the D0 �D�0 scat-
tering amplitude indeed takes place. If the factor B obeys
the scaling transformation, the differential rates (14)–(16)
also exhibit the scaling behavior. Note that, if the energy
dependence of the charged D�D�� and non-D �D� channel
contributions is neglected as well, this corresponds to the
scattering length approximation and neglect of the effec-
tive radius term.

IV. DISCUSSION

Our analysis shows that the large branching fraction (2)
implies the X to be a virtual D0 �D�0 state and not a bound
state. We illustrate this point by calculating the rates (14)
and (15) for the set of the Flattè parameters (fit C)

 g � 0:3; Ef � �25:9 MeV; f� � 0:007;

f! � 0:036; B � 1:32 � 10�4:
(40)

The values of the coupling constants coincide with those of
the fit ABelle, while the parameter Ef is chosen to yield the
real part of the scattering length to be equal in magnitude to
the one evaluated for the given fit ABelle, but positive: ~a �
��3:98� i0:46� fm. The parameter B for this set yields
the same value of the total branching fraction for the
����J= mode as the fit ABelle. The ����J= and
D0 �D0�0 rates are shown in Fig. 2, together with the rates
obtained for the case ABelle (without background). The new
curve (dashed line in Fig. 2) displays a very narrow peak in
the ����J= distribution, corresponding to the D0 �D�0

bound state, with binding energy of about 1 MeV (there is
no corresponding peak in the D0 �D0�0 distribution as the
finite width of the D�0 is not taken into account in our
analysis). Note that the ����J= rates (Fig. 2) are nor-
malized to give the branching ratio 1:3 � 10�5, which re-

quires the coefficient B to be much larger for the virtual
state than for the bound state. As a result, the D0 �D�0 rate is
much smaller for the bound state, as seen from Fig. 2.

Obviously, the difference between the bound-state and
virtual-state cases for the ratio

 

Br�X ! D0 �D0�0�

Br�X ! ����J= �
(41)

is driven by the strength of the bound-state peak, as dis-
cussed in Ref. [29], where the scattering length approxi-
mation was used to describe the X�3872�. Following
Ref. [29], let us write the scattering length in the D0 �D�0

channel as

 a �
1

�re � i�im
: (42)

Then, in the scattering length approximation, the
����J= differential rate is proportional to the factor

 

�im

�2
re � �k1 � �im�

2 ; E > 0;

�im

��re � �1�
2 � �2

im

; E < 0;
(43)

while the D0 �D�0 rate is proportional to

 

k1

�2
re � �k1 � �im�

2 : (44)

The line shape for the D0 �D�0 channel does not depend on
the sign of �re. The same is true for the ����J= line
shape above the D0 �D�0 threshold, while, below the thresh-
old, the line shapes differ drastically: In the bound-state
case, there is a narrow peak below threshold, and in the
virtual-state case, a threshold cusp appears.

For �re > 0 and �im ! 0, the expression (43) becomes a
� function (see Ref. [29]):

FIG. 2. The differential rates for the ����J= (first plot) and
D0 �D�0 (second plot) for the fits ABelle (solid curves) and C
(dashed curves).

HANHART, KALASHNIKOVA, KUDRYAVTSEV, AND NEFEDIEV PHYSICAL REVIEW D 76, 034007 (2007)

034007-6

a ≈ 4 fm

Rρ/DDπ = 1.7

http://192.9.200.1
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2.5. Summary of X(3872)
• Summary:

– X(3872) behaves like a charmonium state χ′c1 in production.

– Provided X(3872) is a charmonium state, the isospin violation in its
decay can be accounted for by the interferences between D0D̄∗0 and
D±D∗∓ intermediate states.

– The line shapes of X(3872) and X(3875) can be roughly consistent with
each other if X(3872) is a virtual state in D0D̄∗0 channel.

– X(3872) is mostly like a state induced by the coupled-channel effects
between bare χ′c1 and DD̄∗ channels dynamically. It is produced mainly
through its short-sistance cc̄ component, and behaves as a virtual state in
long distance (> m−1

π ).
• Work needs to be done:

– To replace the Flatte fit by the CCICM one.

– To improve our calculations by considering the long-distant behaviors of
X(3872).

– To find X → ψ′γ for experimental physicists.

Γ(X → ψ′γ) = (50-80)Z KeV, for CCICM

Γ(X → ψ′γ) ≈ 0.03 KeV, for molecule model (E.S. Swanson, PLB
598 189)

http://192.9.200.1
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3. Z+(4430): Theory

3.1. What we have in market by now

• S-wave threshold effect of DD1(2420): J.L. Rosner, 0708.3496

• S-wave threshold cusp effect of DD1(2420): D.V. Bugg, 0709.1254

• Tetraquark state: L. Maiani et al., 0708.3997; S.S. Gershtein, 0709.2058

– First radial excitations of 1+ state with flavor [cu][c̄d̄].

– Two-body decay modes should be dominant: DD∗, D∗D∗, ψ(′)π, ψ(′)ρ...

– Bottom partner Zbb̄ with mass about 10.7 GeV: K.M. Cheung, 0709.1312

• Baryonium: C.F. Qiao, 0709.4066

– Belong to the series of Y (4260), Y (4361), Z+(4430), Y (4664)...

http://192.9.200.1
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• Resonance of D̄∗D1(2420)(D̄∗D′
1(2430)): CM and K.T. Chao, 0708.4222

– Formed by some attractive interactions (say, π-exchange) between its
components

– Molecule or virtual state, depending on the strength of the attractive
force.

– S-wave coupling to D̄∗D1(D̄∗D′
1): J

P (Z) = 0− or 1−

– Should be in an isospin-triplet: Z+ ≈ 1√
2
(D∗+ ¯

D
(′)0
1 − D̄∗0D

(′)+
1 )

– Dominant decay mode: Z → D∗D∗π predicted

– Dominant production mechanism: B → D∗D
(∗)
s → ZK to be checked

? 0− molecule in QCD sum rules: mZ = (4.40 ± 0.10) GeV S.H. Lee et
al., 0710.1029

? 0− molecule in EFT: mZbb̄ = 11.05 GeV G.J. Ding, 0711.1485

? Nonet partners and their b-production: Y. Li et al., 0711.0497

? One-pion exchange between D∗D
(′)
1 : NOT strong enough to form a

molecule X. Liu et al., 0711.0494

http://192.9.200.1
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3.2. Decays of Z+(4430) as a resonance
(C.M. and K.T. Chao, arXiv:0708.4222[hep-ph])

♦ Z → D∗D∗π

Γ(Z(0−) → D1D
∗ → D∗D∗π) = 25 MeV

Γ(Z(0−) → D′
1D

∗ → D∗D∗π) = 37 MeV

Γ(Z(1−) → D1D
∗ → D∗D∗π) = 32 MeV

Γ(Z(1−) → D′
1D

∗ → D∗D∗π) = 46 MeV

g0
ZD

(′)
1 D

∗ = 5 GeV

g1
ZD

(′)
1 D

∗ = 1.5

g0
ZD

(′)
1 D

∗/mD1
∼ g1

ZD
(′)
1 D

∗ � gψDD ≈ 8
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♦ Z+ → J/ψ(ψ′)π+

• Diagrams for Z+ → D∗+D̄0
1 + D̄∗0D+

1 → J/ψ(ψ′)π+

Z+

D+
1

D̄∗0
J/ψ(ψ′)

π+

D∗0

(a)

Z+

D̄0
1

D∗+
J/ψ(ψ′)

π+

D∗−

(b)

Z+

D+
1

D̄∗0

J/ψ(ψ′)

π+

D−

(c)

Z+

D̄0
1

D∗+

J/ψ(ψ′)

π+

D0

(d)• Form factor suppressions:

– For the DDψ(′) and DDπ vertexes:

F(mi, q
2) =

(Λ2−m2
i

Λ2−q2

)n
∗ They favor ψ′π over J/ψπ

∗ We choose Λ = 660 MeV and n ε (1, 2)

– For the ZDD vertex:

Absi(s) → Absi(s)e−β|~p2|2

∗ We choose β ε (0.4, 1.0) GeV−2 for ZDD system.

http://192.9.200.1
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♦ Numerical results:
♥ Z+ → J/ψ(ψ′)π+

• The re-scattering effects of D∗D′
1 are small due to the large width of D′

1

• The contributions arising from diagrams (a) and (b) are dominant.

• Provided r = gψ′DD/gψDD = 2 (gψ(3770)DD/gψDD ≈ 1.7)

4

TABLE I: Parameters used in the calculations.

gψD∗D∗ g
ψD

(′)
1 D∗ |h1 + h2|/Λχ h g

8 5 GeV 1 Gev−1 0.7 0.6

g0

ZD
(′)
1 D

g1

ZD
(′)
1 D∗

fπ ΛQCD r

5 Gev 1.5 132 MeV 220 MeV 2

experimental data to be used. The two things we can use
are symmetry and model. For gψD∗D∗ , we can relate it to
gψDD through heavy quark symmetry, and then estimate
its value with the help of Vector Meson Dominant (VMD)
model [12]:

gψD∗D∗ ≈ gψDD ≈ mψ

fψ
≈ 8, (19)

where fψ is the decay constant of ψ. For gψD1(D′
1)D

,
we take it as large as gψ(4415)D1D, which can be esti-
mated through the prediction of Γ(ψ(4415) → D1D) in
3P0 model [11].

The coupling constant g1
ZD1D∗ and the re-scaled one

g0
ZD′

1D∗/
√

mZmD∗ should be smaller than gψD∗D∗ since

as a resonance in D
(′)
1 D∗, Z must couple with D

(′)
1 D∗

through some weak dynamics (say, π-exchange). So we
choose

g1

ZD
(′)
1 D∗ = 1.5, g0

ZD
(′)
1 D∗ = 5 GeV

in Tab. I. And these parameters give the prediction on
partial widths of open-charm decays of Z(4430):

Γ(Z(0−) → D1D
∗ → D∗D∗π) = 25 MeV,

Γ(Z(0−) → D′
1D

∗ → D∗D∗π) = 37 MeV,

Γ(Z(1−) → D1D
∗ → D∗D∗π) = 32 MeV, (20)

Γ(Z(1−) → D′
1D

∗ → D∗D∗π) = 46 MeV.

On the other hand, we also consider about that the reso-
nance decays to D

(′)
1 D∗ directly. After smeared with the

Breit-Wigner distribution functions defined in (14), all
the partial widthes is about 30 GeV. So, we will use the
numbers in (20) in our discussions.

As for the hidden-charm decay Z+ → ψ′π+, the width
is squarely dependent on the value of r, which is de-
fined in (10). It have been argued that the coupling
between DD system and excited charmonium is gener-
ally not weak comparing with that for J/ψ. For ex-
ample, the experimental data tell us that the coupling
constant gψ(3770)DD ≈ 24, which is about 3 times of
gψDD. That is, the value of r tends to be greater than
1. In our discussion, we choose relative large value for r
in Tab. I to examine the possibilities to understand the
”J/ψ-suppression problem” in our model.

Evaluating the amplitudes in (15) numerically, we find
that the contributions from D∗D′

1 channel are far less
than those from D∗D1 channel. This is mainly because
the large width of D′

1 reduces the threshold effect, which

TABLE II: The predictions of Γ(Z+) → ψ(′)π+ and their
dependence on (n, β). Here, we only involve the contributions
arising from Fig. 1(a)-1(b) in D∗D1 channel.

(n, β ×GeV2) (1.0, 1.0) (1.5, 0.6) (2.0, 0.4)

JP (Z) 0− 1− 0− 1− 0− 1−

Γψπ+(MeV) 5.3 10.6 1.5 3.2 0.42 0.84
Γψ′π+(MeV) 3.7 13.9 2.5 8.7 1.5 4.4

is implied in the down limit of the integral in (15), con-
sumedly. As a result, the Z(4430) should have little D′

1

component.
On the other hand, the contributions arising from

Fig. 1(c)-1(d) are less than those from Fig. 1(a)-1(b) by a
factor of 30-60. This is probably because the value of cou-
pling constant gψD1D, which we choose in Tab. I, is small.
We can see it through re-scaling gψD1D by √mD1mD and
getting the number is 2.3, which is far less than that of
gψD∗D∗ .

In the following, we will mainly focus on the contribu-
tions arising from Fig. 1(a)-1(b) in D∗D1 channel. The
most important task for us is to examine the possibility
of getting a relative large partial width Γ(Z+ → ψ(′)π+)
and a large ratio Rψ′/ψ simultaneously. The free param-
eters remained are n and β, which are chosen to vary
within the ranges 1-2 and 0.4-1.0 GeV−2, respectively.
From the definition of the two parameters, it is not dif-
ficult for one to be aware that the increasing of n will
decrease Γ(Z+ → ψ(′)π+) and increase Rψ′/ψ simultane-
ously, while the increasing of β have only the effect to
decrease Γ(Z+ → ψ(′)π+).

The numerical results of the partial widths Γ(Z+ →
ψ(′)π+) are listed in Tab. II. Here, the contributions in-
volved are only those arising from Fig. 1(a)-1(b) in D∗D1

channel, as we have mentioned. From Tab. II, one can
find that the prediction on Rψ′/ψ increases with the in-
creasing of n as one expects. For the 0− candidate, the
ratio Rψ′/ψ ≈ 3.6 at n = 2, which have implied the ”J/ψ
suppression” in some degree. However, the prediction
on the partial width at n = 2 is too small comparing
with the open-charm one in (20), which indicates that:
B(Z+(0−) → ψ′π+) ∼ 6% and B(B → ZK) ∼ 7× 10−4,
which is as large as the production rate of J/ψ in B de-
cay. So the experimental data seem to disfavor the 0−
candidate.

For the 1− candidate, at n = 2, the prediction on
the ratio Rψ′/ψ ≈ 5.2 with B(Z+(1−) → ψ′π+) ∼ 13%,
which are better than those of 0− candidate and are
roughly consistent with experimental data.

The β-dependences of Γ(Z+(1−) → ψ′π+) and
Γ(Z+(1−) → J/ψπ+) with fixed n = 2 are illustrated in
Fig. 3. It is easy to see that the partial widths decrease
with the increasing of β, whereas, the ratio between them
is almost fixed as one expects.

On the other hand, if we choose α < 3 [10] and fix
n = 2, it is easy to get a larger value prediction on Rψ′/ψ

which can be consistent with the experimental constraint

– The predictions favor 1−: Γψ′π+ = 4.4 MeV, Rψ′/ψ ≈ 5.2

– Can not rule out 0−

• The β-dependence of Γψ(′)π+

5

n = 2

0.3 0.5 0.7 0.9 β(GeV−2)

2
4

Γ
ψ

(′
)
π
(M

eV
)

Γψ′π

Γψπ

FIG. 3: The β-dependence of Γ(Z+(1−) → ψ′(ψ)π+) with
fixed n = 2.

in (1) better. As a price to pay, the prediction of Γψ′π+

will be decreased. On the other hand, if the coupling con-
stant gψD1D is not as small as that given in Tab. I, or if we
can evaluate it by re-scaling gψD(∗)D(∗)

√
mD1mD, then

the contributions arising from Fig. 1(c)-1(d) will be com-
parable to those from Fig. 1(a)-1(b), and the width Γψ′π+

might be enhanced since the interference effects turn to
be important. Moreover, in Fig. 1(c)-1(d), the couplings
of ψ(′)DD are S-wave while those in Fig. 1(a)-1(b) are
P-wave. So, the configurations in Fig. 1(c)-1(d) are more
in favor of ψ′-productions than those in Fig. 1(a)-1(b).

In conclusion, our calculations imply that the

Z+(4430) state is likely to be a resonance in S-wave D∗D1

scattering, and the spin-parity favors 1− but can not rule
out 0−. Further studies on its production mechanism are
needed.

IV. SUMMARY

In summary, we study both the open-charm and the
hidden-charm decays of Z(4430) based on the assump-
tions that it is a D

(′)
1 D∗ resonance in S-wave. The par-

tial width of open-charm decay is dominant and can be
adjusted to be 30-40 MeV. Then, we find that the S-wave
threshold effects are significant in D1D

∗ channel and are
suppressed intensively in D′

1D
∗ channel due to the larger

width of D′
1. For the 1− candidate, choosing parame-

ters aptly, we can get Γ(Z+ → ψ′π+) ≈ 4.4 MeV with
Rψ′/ψ ≈ 5.2, which could be roughly consistent with ex-
perimental data. But the 0− candidate can not be ruled
out by our calculations. Further studies on the produc-
tion mechanism of Z(4430) are needed.

Note. When this manuscript was written, two papers
about the Z+(4430) appeared. In [13], a similar idea to
ours was proposed; while in [14] a tetraquark explanation
was suggested.

Acknowledgments

We wish to thank X. Liu, X.Y. Shen, C.Z. Yuan, H.Q.
Zheng, and S.L. Zhu for helpful discussions. This work
was supported in part by the National Natural Science
Foundation of China (No 10421503, No 10675003), the
Key Grant Project of Chinese Ministry of Education (No
305001), and the Research Found for Doctorial Program
of Higher Education of China.

[1] K. Abe et al. [Belle Collaboraion],arXiv: 0708.1790v1
[hep-ex]

[2] W. M. Yao et al., J. Phys. G 33, 1 (2006).
[3] H.Y. Cheng, C.K. Chua and A. Soni, Phys. Rev. D71,

014030 (2005).
[4] Q. Zhao, B.S. Zou and Z.B. Ma, Phys. Lett. B 631, 22

(2005).
[5] X. Liu, B. Zhang and S.L. Zhu, Phys. Lett. B 645, 185

(2007).
[6] C. Meng, K.T. Chao, Phys. Rev. D75, 114002 (2005).
[7] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R.

Gatto, F. Feruglio and G. Nardulli, Phys. Rep. 281, 145
(1997).

[8] A.F. Falk and M. Luke, Phys. Lett. B 292, 119 (1992).
[9] M.R. Pennington and D.J. Wilson, arXiv: 0704.3384v2

[hep-ph]
[10] B. Zhang, X. Liu and S.L. Zhu, Chin. Phys. Lett. 24,

2537 (2007).
[11] T. Barnes, S. Godfrey and E.S. Swanson, Phys. Rev. D

72, 054026 (2005).
[12] A. Deandrea, G. Nardulli and A.D. Polosa, Phys. Rev.

D 68, 034002 (2003).
[13] J.L. Rosner, arXiv: 0708.3496 [hep-ph].
[14] L. Maiani, A.D. Polosa, and V. Riquer, arXiv: 0708.3997

[hep-ph].

http://192.9.200.1


Experimental . . .

X(3872): Theory
Z+(4430): Theory

Home Page

Title Page

JJ II

J I

Page 20 of 24

Go Back

Full Screen

Close

Quit

•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

3.3. Summary for Z+(4430)

• Summary:

– Z is most like a resonance of D∗D1 in isospin-triplet.

– The numerical results favor JP = 1−, but can not rule out 0−.

– Rψ′/ψ ≈ 1.4r2 with Br(Z+ → ψ′π+) = 0.04r2.

– Dominant decay mode should be Z → D∗D∗π

– Can decay to ψ(3770)π.
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Thank You!
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♥ X → J/ψρ(ω)

• Effective Lagrangian: LX = gXX
µD∗†

µ D + h.c.

• Diagram for the re-scattering

X(3872)

D0

D̄∗0

J/ψ

ρ(ω)

D̄0

• Imaginary part of the amplitude

Absn = |~p1|
32π2mX

∫
dΩA(X → D0D̄∗0)A(D0D̄∗0 → J/ψρ(ω))

– Abs is strongly suppressed by the tiny phase space factor.(X. Liu et al.,
PLB 645 185)

– The contribution arising from real part should be dominant in this case.

• Real part of the amplitude

Dis(m2
X) = 1

π

(
P

∫∞
th2
n

Absn(s′)
s′−m2

X
ds′ + P

∫∞
th2
c

Absc(s′)
s′−m2

X
ds′

)
¶ P denotes principal integral

¶ thn = mD0 +mD∗0, thc = mD+ +mD∗−.

– Naive cut: ∞→ smax = 2mD∗

– Form factor: Abs → Abs · e−β|~p1|2

http://192.9.200.1
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♥ X → D0D̄0π0

• mX > thn

Γ(X → D0D̄0π0) = 2Γ(X → D0D̄∗0)Br(D̄∗0 → D̄0π0)

Γ(X → D0D̄∗0) =
g2
X |~p1|

24πm2
X
(3 + |~p1|2

m2
D∗0

) ' g2
X |~p1|

8πm2
X

• mX < thn

X

D
0

D̄
∗0

π
0

D̄
0

(a)

X

D̄
0

D
∗0

π
0

D
0

(b)

iM = i(Ma +Mb) = i
√

2gXgD∗Dπ
q2−m2

D∗0+imD∗0ΓD∗0
[(q·kπ)(q·εX)

m2
D∗0

− (kπ · εX)]

• Cascade decay formula:

ΓX→D0D0π0 =
1

π

∫ (mX−mD0)2

(mπ0+mD0)2
ds
√
s

2ΓX→D∗0D̄0(s)ΓD∗0→D0π0(s)

(s−m2
D∗0)2 + (

√
sΓDD∗0(s))2

♠ Note: all the above formulae will be invalid when |mX − thn| ∼ ΓD∗0 ∼ 70

KeV.
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(C. Hanhart et al, PRD 76 034007)

F (E) = − g
2D(E) = 1

−γ+κ(E), E = mX − thn (g ≈ Zg2
X

4πm2
X
)

D(E) = E − Ef − g
2κ(E)− g

2κ(E − δ) + iΓ(E)
2

κ(E) =
√
−2µE − i0+, µ = mDmD∗

mD+mD∗
, δ = thc − thn

• The real part of γ can be expanded around E = 0:

Reγ = 1/a− rsµE + ...

scattering length: a = −(
√

2µδ + 2Ef/g)
−1,

√
2µδ ≈ 125 MeV ∼ mπ

effective range: rs = −(1/
√

2µδ + 2/µg) ∼ 1/mπ if g > 0.3

• For a � 1/mπ, there will be a bound state (molecule) just below the
threshold with the binding energy Eb ≈ 1/(µa2), and the line shape of
X → J/ψππ and X → DDπ will exhibit Breit-Wigner distributions very
well.

• For a � −1/mπ, one get a virtual state. The distribution of X → J/ψππ

will exhibit a cusp (D.V. Bugg, PLB 598 8) which is peaked exactly at E =

0, and the peak of the distribution of X → DDπ will be pushed up to a few
MeV above the threshold .
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