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The X(3872) as a D D*bar molecule

Role of charged and neutral channels. Isospin considerations
Some X,Y,Z states as hidden charm vector-vector molecules
Radiative decay of these X)Y,Z states.



Hidden gauge formalism for vector mesons, pseudoscalars and photons
Bando et al. PRL, 112 (85); Phys. Rep. 164, 217 (88)
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where (...) represents a trace over SU(3) matrices. The covariant derivative is defined by
D, U=0,U—ieQA,U+1UQA,, (4)

with Q = diag(2,~1,~1)/3, e = —
chiral matrix U is given by

e| the electron charge, and A, the photon field. The

[J = eiV20/S (5)
204+ L. T T+ 0 4 L, + o
V2 + V6 '8 1 ::: 1 A 0 13‘0 + V2 ) "3 . I o
—_— - — T — - T —_— — I —_— ik
P = 7 ok _—I— Wil K V. = 7P + 7 K
K- K° s K- K+ ¢
W



In Lirr, Vi is defined as

=0V, —=0,V, —ig[V,, V] (9)
and |
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with u? = U. The hidden gauge coupling constant g is related to f and the vector meson
mass (M) through
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The Lagrangians are extended to SU(4), but it is broken because
the exchange of heavy vector mesons is much reduced compared to the

light ones.
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Vector — pseudoscalar interaction

Charm || Strangeness | I(J7Y) | Channels
1 1 1(1*) | 7D%, Dyp
KD*. DK*
0(1%) | DK*, KD*, yD:
D.w, n.D%, Do J /U
0 s(1%) | «D*, Dp, KD%, DK
T]D*7 Dw? /r}CD*ﬂ Dj/w
q 0(1*) | DK*, KD*
0 1 %(1*) TK*, Kp, nK*, Kw
DD?, DD K J/p, n.K~ X(3872)
0 1+ (1) ?(KK*-I-C.C.),THU, np
(DD + ), nep, I [0
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1= (17%) | wp, I(KK* —c.c.), Q(DD* —c.c.)
07(17) \%(I_(K* +c.c.), (DD +cc.), 5(DD; - c.c.)
0=(17) | mp, nw, T(BD* C.C.), et
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Mg(s?t, u) = 4?}2‘7 (5 —u)e.€. Projected over s-wave
T = V+VGT
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One searches for poles in the complex plane: they correspond
to bound states or resonances.



Irrep S [ I9(J7Y) | RE({/s) (MeV) | IM(y/s) (MeV) | Resonance ID
Mass (MeV)

3 1] oot 2455.01 0 D1 (2460)
243263 [0 | L(17) 2311.21 115,69 D, (2430)

G T 11" 9529.30 223856 )
2532.57 0] (1) Cusp (2607) Broad (7)
-1199.36 -1 0(1) Cusp (2503) Broad (7)

T () 2573.62 .07 Do (2531
3 [-0.07]
2535.07 0] 2(17) 2526.47 -0.08 Dy(2420)
10,08 i -13] ]
6 1 1(17) 2756.52 -32.95 (7)
[cusp]
Cusp (2700) || 0 [ 5(17) 2750.22 -99.91 (7)
101]
Narrow -1 0(1) 2756.08 -2.15 (7)
o9

1 0|0 (17) 925.12 -24.61 hy(1170)
1055.77

g T 31 1101.72 56.27 K, (1270)
1161.06 0| 17(17) 1230.15 -47.02 bi(1235) *¥

0 (1) 1213.00 5.67 o (1350)

T 00T (177) | 383757 20.00 X(3372) «—
3867.59

g I (1) 1213.20 0.89 R, (1270)
1161.37 [0 [T (177)| 101205 80.77 0 (1260) /1

0T(177) | 1292.96 0 1(1285) /

T 00 (1 )| 3340.69 160 B
3864.62

-10.00




X(3872) state S=0, 0*(1**). Qualitative discussion: take the main channel,
Dbar D* - cc, and separate  |D°D*0) |D*D*~) aschannels1and2

. v v V
I/f — N T —
v v 1 — ’UGll — ’UGQQ
gigdj
T-'E‘Ij - )
r_q - -_H‘H
lim (s —sg)ly; = lim (s —sg) Vi &
S—Sp J S—SR 1 —vGq1 — v GQE

51—12.13(5 — .S:R)T@j — B _(dGil 4 ngg)

The coupling of the resonance to the two channels is the same

One could interpret is as having a wave function:

DD*bar(I1=0)=D°D*%bar+D*D*- +cc, which would correspond to =0

But wait, wave functions in coordinate space need care: coming later
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Isospin breaking in the X(3872) resonance

Daniel Gamermann and E. Oset, Phys. Rev. D

/ W DD*bar(1=0)=D°D*°bar+D*D*- +cc
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We perform a coupled channel approach with different masses
for D° D*% and D* D*- (and cc of both). The result is that even

if the binding energy of D° D*?is very small one still has a very
good 1=0 wave function.

R = (.032  With fixed masses of p and w

p/w

Considering the mass distributions of p and w
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If we had only D° D™ that ratio would be 50 times smaller !!



Wave functions in momentum and coordinate space
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The wave functions at the origin for the neutral and charged components
are very similar: for short range interactions of the strong interaction
this is what matters and what determines the isospin of the state.

It does not matter that the probability of the neutral component is
much bigger.



Hidden charm states from the interaction of vector mesons

R. Molina, E. Oset PRD 2010

We take the vectors of the table, use the hidden gauge

Lagrangians and study their interaction in the coupled channel
unitary approach. We get three states around 3940 MeV

with 0**,1**,2** and one around 4160 MeV with 2**

Tjj — & We look for poles of the T-matrix, the residues give the

S — SR couplings of the resonance to channels

. V5 e = 3922 + 026, T6[JPC] = 0% [2+7] /

D*D* D:D? KK op W
/ 21100 — 1802 1633 +46797 424414 —75+:37 1558441821

09 T/0JJ¢ WY $J /) w

=004 — 11783 1783 +:197 —2558 — 2289 91842921 91 — 784

To be associated
with Z(3930) of
Belle, seen in
yy—=>D barD
O++’2++ but 2++
preferred because
of angular correla-
tions
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State | M (MeV) | T’ (MeV) | JP¢ | Decay modes | Production modes

Z(3940) | 3929+£5 | 20+10 | 27F DD

X(3940) | 3942 +£9 | 3717 | JI DD* eTem — J/X(3940)

Y (3940) | 3043 £17 | 87£34 | JIT wJ /) B — KY(3940)

3014.3754 | 33147

X(4160) | 4156 £29 | 139748 | JP+ D*D* ete — J/1p X (4160)

ISP A Theory Experiment
Mass [MeV] | Width [MeV! Name Mass [MeV] | Width [MeV] [ JP¢
0 [0FF] 3943 17 Y (3940) 3943 + 17 87+ 34 JEt
3014.3741 33732

0 [17] 3945 0 7Y, (3945)
0 [277] 3922 5% Z(3930) 3929 £ 5 29+ 10 27+
0+ 2] 4157 102 X (4160) | 4156 + 29 139742 JP+
172+ 3912 120 7Y, (3912)




This state also described as D.* D.*bar in Dong, Lyubovitskij,
Gutsche, T, Branz ....using the Weinberg compositeness method.



Radiative decay of
The X)Y,Z states, T. Branz, R. Molina, E. O.

Channel pole positions and I¢[JPC]
3943 +i7.4, 0F[0TT] 3922 +i26, 0F[27T] 4169 +i66, 0T [277]
pp —22 + 447 =75 41437 70 +120
ww 1348 + 4234 1558 + 1821 3 —i2441
OO —1000 — 2150 —904 — 71783 1257 + 12866
J/0J 417 +i64 1783 + 4197 2681 + 1940
we —215 — 4107 91 — 784 1012 + 21522
wJ /1 —1429 — 4216 —2558 — 12289 —866 + 12752
oJ /v 889 + 1196 918 + 92921 —2617 — 5151

TABLE I: Couplings ¢; in units of MeV for the resonances with I = 0.



pole [MeV] ¢ JP¢ meson Lpy[KeV] T [KeV] Ty, [KeV] Ty, [KeV] T, [KeV]
(3943, +i7.4) 07 (0™) Y (3940) 0.015 0.989 13.629 0.722 0.013
(3922, +i26) 0t (277) Z(3930) 0.040 15.155 95.647 13.952 0.083
(4169, +i66) 0 (2T+)  X(4160) 0.029 10.650  268.854 125.529 0.363
(3919, 4i74) 1= (27) 'Y, (3912) 201.458 114.561 62.091 135.479 0.774

pole [MeV] ¢ JPc meson 2oV [KeV]

(3943, +i7.4) 0" (0™™) Y (3940) 0.085

(3922, +i26) 0+ (277) Z(3930) 0.074

(4169, +i66) 0+ (277) X (4160) 0.54

(3919, +i74) 1= (277) ’}}.(3912}" 1.11




Belle Collaboration, S. Uehara, PRL 2010

(61+£17+8) eV for JP =0+

. (X (3015))B(X(3915) — wJ /i) =
B (184 5+2) eV  for JF =2+

Fm Wi+ — 1:}2 P\"'IC\“T
We can calculate [+ wd[$(0F 3943)

\FwaL 2+ 3922) = 8.66 MeV

/rws(([ﬁ,gmg) — wl/Y) = 7.6 eV
Andalso  —  p B((2+,3022) — wi/y) = 118 eV

The state with 2* is clearly preferred by these data.



Conclusions:

The X(3872) as a 0*(1**) state of D Dbar*, requires the charged and
neutral components. Their wave functions at small distances are
similar 2 determines the 1=0 character of this resonance.

Some of the X,Y,Z states around 4000 MeV can be acommodated as
V-V molecules with hidden charm: masses, widths and partial decay
widths seem to match within the limited experimental information.



