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Introduction We study here the interaction of a pseudoscalar with a

. L vector-meson that, in s-wave, has the quantum numbers of
Since its discovery [1] thé( (3872) has atfracted the at- 5 4yial: 1+, The starting point of our model consists of

tention of the scientific community, since itis a clear exama o fields belonging to the 15-plet and a singletSaf (4)

ple of meson not ﬁtting into theq picture. This state has describing the pseudoscalar and vector-mesons. The field
already been confirmed by different experiments [2, 3, 4}or the vector mesons is:

It has been discovered in the decay chanhelr* 7~ and

the 7+~ mass distribution indicates that this meson pair

is coming from g meson [5], which indicates isospin 1 as- Puy wa + x+  yx0
2 + p/l, K/l, D/L

signment for the resonance. On the other hand, no charge 2

partner of this meson has been found, indicating an isospin 0

0 state. Later on this state has been observed [6] in the de;, P =+ K DT @
cay channels/ /¢y, which determines its C-parity as pos- “*

itive, and in the decay channdl/+)7’7*7~, where the K~ K0 ¢ Di;
three pion mass distribution indicates it comes from a

meson, supporting an isospin 0 assignment for the state. D;O Djfr D;f:[ I/

The available data on this state has been thoroughly investi
gated in [7] determining that the most probaile® quan- The field for the pseudoscalars we chlbnd can be found

tum numbers for this state a8’ = 1++ or JP = 2-+. in [13]. Note that this field differ from those used in [8]
The branching fraction ratio for the two hadronic decayecause of the inclusion af¢ mixing.
channels has been measured: For each one of these fields a current is defined:

B(X — J/yntn—n0) Jp = (0,2)® - 20, 3)
= 1.0+044+03. (1
B(X — J/yrtn—) @) T = (0V,)V =V,0,V". (4)

The fact that it is so close to 1 seems to indicate a large The Lagrangian is constructed by coupling these cur-
isospin violation in the hadronic decays of th&(3872), rents:

which is not usual.
Since the mass of th&(3872) is very close to the )
DY D*° threshold, it has been suggested by many theoreti- - n
cal models that the( (3872) is a s?vgavd)UDy*O moI):acuIe Lrpvy = 4f? Tr (Jud ") ©)
[8,9,10, 11, 12].
In this work we analyse th& (3872) from the point of
view that it is a dynamically generated state in couple
channels. We analyse more deeply results from a mo

that already described many other charmed axial states ) ; . T
dynamically generated ones [8]. In the model used pré—e interaction behind our Lagrangian is the exchange of

viously we kept isospin symmetry exact. In this currenf vector meson in between the two hadronic currents. If

study we break isospin symmetry and analyse its effectg?e_initial and final pseuqloscalars (and vector-mesons), i_n
Together with a positive C-parity state, associated wi¢h thd 9Iven process, have different charm qua_ntum number, it
X (3872), our model also generates a negative C-parit eans that the vector-meson exchanged in such a process

' js a charmed meson, and hence a heavy one. In these cases

state, for which there is so far no experimental evidenc . ; o
We comment on the most probable decay channels to o< SUPpress the term in the Lagrangian containing such

: - = m? /m?, wheremy, is the typi-
serve this predicted state. processes by a factor = my, /mi; W L yp
P cal value of a light vector-meson mass (800 MeV) angd
the typical value of the heavy vector-meson mass (2050
Model MeV). We also suppress, in the interaction Bfmesons

The model we briefly explain here is detailed elsewherg1e amount of the |nteract|on2 Wh'2Ch is driven byJgy
(8] exchange by the factap = mL/mJ/w. Another source

' of symmetry breaking will be the meson decay constant

* E-mail: daniel.gamermann@ific.uv.es f appearing in the Lagrangian. For light mesons we use

In the way it is constructed this Lagrangian S/ (4)
ymmetric, but we know thatU(4) symmetry is badly
rloken in nature. The way we take this into account is

assuming vector-meson dominance and recognising that




f = fr = 93 MeV but for heavy one§ = fp = 165 appear in isospin I=0. Now while increasing the value of

MeV. ag (lowering the cut-off) the poles approach the threshold
So, for a given process(p)V (k)); — (P'(p")V'(k’));  (at 3876 MeV in the isospin symmetric case). The negative
we have the amplitude: C-parity pole touches the threshold fag values bigger
that -1.33 (cut-off of 820 MeV), while the positive C-parity
& one reaches the threshold fay; around -1.185 (cut-off
Mij(s,t,u) = _4fZ-Jf- (s —u)e.e (6) equivalent to 660 MeV). Once the pole crosses the thresh-
1]

old it does not appear in the second Riemann sheet, it is no
wheres andu are the usual Mandelstam variablgs,is longer a resonance, but becomes a virtual state. Yet a peak
the pseudoscalarmeson decay constantare the vector- can be seen in the cross section of some channels, but can
meson polarization vectors angj refer to the initial and not be identified as a pole in the second Riemann sheet of
final channels in the coupled channel space. The coefficielite T-matrix. ~
matricest;; can be directed calculated from the Lagrangian In the isospin symmetric case there is dn@* thresh-
of eq. (5) in charge basis. Tig; coefficients can be found old. By using physical masses for the charged and neutral
in [13]. D-mesons there are two thresholds, the neutral one at 3872
The amplitude in eq. (6) is projected in s-wave andeV and the charged one at 3880 MeV. TK¢3872) state
plugged into the scattering equation for the coupled chais a very weaklyD®D*? bound state and the fact that the
nels: binding energy is much smaller than the difference between
these two thresholds could reflect itself in a large isospin
violation in observables.
T = V+VGT. (7) Let us consider a simplified model with only two chan-

. . . . L nels, with neutral and chargdd and D* mesons. In this
In this equationG is a diagonal matrix with each one of .
.model we assume the potentlalto be a 2x2 matrix:

its elements given by the loop function for each channel in
the coupled channel space. For channeith mesons of

massesn; andms G;; is given by:
v= (1) ©
v v
1 2 2 _ 2 + 2 ) ) ) )
Gy = 162 (ai + Logm—z1 + WLogm—g with v constant, which indeed is very close to the real one
T 2“ ) 5 m in a small range of energies.
n b (Log s —m3 +mi +2py/s In this case the solution of the scattering equation (7) is:
Vs —s+m3 —m? + 2p\/s
s+m3 —m? +2py/s
L ) 8 v
* Og—s—m§+m%+2p\/§ ® T = (20)

1-— ’UG11 — ’UGQQ
wherep is the three momentum of the two mesons in the .
center of mass frame. The two parameteendq are not Wwhere G, and G, are the loop function calculated for
independent, we fixy=1500 MeV and change to fit our channels 1 and 2 respeptlvely. I 'Ehere Is a pole=atz we
results within reasonable values in the natural range. can expand” close to this pole as:

The imaginary part of the loop function ensures that the
T-matrix is unitary, and since this imaginary part is known, 7. — 99 (11)
it is possible to do an analytic continuation for going from k S — Sp
the first Riemann sheet to the second one. Possible physical
states (resonances) are identified as poles in the T-mat¥¥perey; is the coupling of the pole to the channelThe
calculated in the second Riemann sheet for the channd®&ducly;g; is the residue at the pole and can be calculated
which have the threshold below the resonance mass. ~ With:

Couplings and decays of the X (3872)

By changing slightly the value of we can move the sen sen v
pole position of our dynamically generated state. At first k
we kept isospin symmetry (charged and neutral members 1 —vG —vG2
of the same isospin multiplet with the same mass). In thige can apply the I'@pital rule to this expression and we
case, settingeg=-1.34, which is equivalent to a cut-off of get:
830 MeV in the three momentum, we get two poles with
opposite C-parity, the positive one at 3866 MeV with a
width smaller than 1 MeV and the negative one at (3875- lim (s — sg)Ti; —
25i) MeV, which means a width around 50 MeV. The poles s—sR R)Zig —p(dGas 4 dGa2)

lim (s —sg)T;; = lim (s— sg)

12)




For a resonance lying right at the lowest threshold the The isospin violation is therefore proportional to the
couplingsg; will be zero, since the derivative of the loop difference between the loops for charged and neuiral
function, in the denominator of eq. (13) is infinity at threshmesons which is maximum at the threshold of I&D*0.
old. This is a general property which has its roots in basi€o the closer the resonance is to this threshold (the smaller
Quantum Mechanics as shown in [14]. the binding energy) the bigger is the isospin violation in

We also note that eq. (13) for just one channel is ththe decay of theX . If the X is right over the threshold, the
method used to get couplings of bound states to their buildalue of 2, with the loops calculated with dimensional
ing blocks in studies of dynamically generated states fokegularization fop andw fixed masses, is:
lowing the method of the compositness condition of Wein-
berg [15, 16].

Let's consider the diagram in figure 1 for the decay of R, = 0.032 a7
the X. In this figure theD mesons can be either charged
or neutral. A final state with isospin I=1 involves thene- This is a measure of the isospin violation in the decay

son, and in this case the diagrams with neufPainesons of the X, which is only about 3% in spite of the fact that
interfere destructively with those with chargédmesons. we have chosen the conditions to maximize it. However,
In the situation with thev in the final state the diagrams even this small isospin breaking can lead to sizable values
sum up. If the vertices have the same strengtipfandw  of the ratio of eq. (15) when one takes into account the
production (this is the case in the framework of the hiddemass distributions of thg andw, which provide different
gauge formalism) the ratio of the amplitudes will be givereffective phase-spaces in this two possikildecays. Thus,

by the ratio of the difference between the charged and neusing eq. (15), which considers explicitly th@andw mass

tral loops divided by the sum of the loops: distributions, we find the branching ratio:
Gi1 — G2\’
_ + =0
mw = (G5e) (a9 BX I mT) _ s e

B(X — J/ymtn—)

Iy which is compatible with the valug0 + 0.4 from experi-
ment.

We show in figure 2 that the coupling of th¥ to
D D*%goes to zero for small binding energies, and in fig-
ure 3 we show that even though the difference between the
neutral and charged couplings grows for small binding en-
ergies, they are of the same order of magnitude. The wave
Figure 1: X decay function of theX (3872) is, thus, very close to the isospin
I=0 combination ofD° D*Y — c.c. andD~D*+ — c.c. and

; ; - *t _
Actually the decayst — J/up and X — J/w are has a sizable fraction of the_ D’ c.c. state.

not allowed because of phase-space, but can occur WherF r?_m f'gl;rﬁlngie ?hotljgeDtPa';lthe |Sios_,p|bn_ wola;[lon n tlrlle
their mass distribution is considered and will be seen iﬁOUp INgs o othe channels IS biggerior sma

the decays¥ — J/drr andX — J/dmrr respectively inding energies, but it reaches a maximum of about 1.4%
where the two and three pion states are the result of t

H\éﬁiCh is a very small value.
decays of they andw. In order to take this phase-space As we already mentioned, we find a second state with
into account we calculate the expression:

negative C-parity. Some of the channels with negative C-
parity have isospin 1=0 to which the resonance can decay.
9 oo There are also pure isospin I1=1 channels but, although the
B(X — J/ymm) (Gn - G22) Jo a8 (15) denerated resonance is an isospin I=0 state, these isospin
B(X — J/¢mrm) Gu+Gax/) [7qS., I=1 channels will couple to it since we are considering here
0 (mx —myy —/5) ds B, some amount of isospin violation coming from the diffe_rent _
P (m o \/g) Js B,  'masses of charged and neutral members of a same isospin
X =TI “  multiplet.
whereB, andB, are the branching fractions pfdecaying For values ofa gy similar to those used in the genera-
into two pions ¢~ 100 %) andv decaying into three pions tion of the X (3872) («x=-1.27), the pole with negative

(~ 89 %),0(y) is the Heaviside theta function ad}: =  C-parity is in the wrong Riemann sheet, but its effects can
S (s,my,T'y) is the spectral function of the mesons giverstill be seen in the cross sections of some channels. We
by: show in figure 4 theéT'|? plots of some channels.

The channels shown in figure 4 are those where there

1 is phase-space available for the resonance to decay and to
(16) which it couples most strongly.
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Figure 2: Coupling of theX to the D°D** channel for
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Figure 3: Difference of the coupling of th€ with neutral
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and charged)D* channels.

There is strong evidence that the 3872) state hag’¢
guantum numbers equal fo-+. This fact and the mass

Conclusion
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Figure 4: The|T'|? plot for some of the negative C-parity
channels.

with two and three pions have been measured to be of the
same order of magnitude, suggesting a huge isospin vio-
lation. The couplings of th& to charged and neutrd)
mesons are very similar, with at most 1.4% of isospin vio-
lation, in our model. Considering the decayXfto J/vp

or J/+w pairs as going through D* loops theJ /v p pro-
duction should be suppressed in relation to fhie/w by

a factor around 30. This factor 30 is compensated in the
decays of theX with two and three pions in the final state
once one considers also the mass distribution foptime-

son to decay into two pions and themeson to decay into
three pions. Since the meson has a much bigger width
than thew, although the decay of th¥ to thep meson is
suppressed, one still observes a sizable branching fractio
for the X to decay intaJ /¢n.

We predict also a negative C-parity state in a frame-
work which describes many low lying axial states and also
most of the already observed axial charmed resonances.Our
model shows that the channels to which this resonance cou-
ples mostly are)¢, nw, n/w andn.w. We also made pre-
dictions for observables where the negative C-parity state
should in principle be seen and we hope these results stim-
ulate experimental efforts in this direction.
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