VNIVERSTAS

& I

SALAMANTING
=D

Hadronic molecules

P. G. Ortega, D. R. Entem and F. Fernandez

E-mail: pgortega@usal.es
Grupo de Fisica Nuclear / Instituto de Fisica Fundamental y Matemdticas
University of Salamanca

.

S5 International Conference on High Energy Physics




Outline

© Introduction

© X(3872). Decays and Lineshapes

© Other XYZ mesons

©Q Summary

uuuuuuuuuu



Introduction
o0

Experimental situation of X(3872)

Narrow state seen in B decays and pp collision decaying to wd /1,
nrmwd [, vJ/vp and D°DO7O.
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Introduction
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Measured Properties of X(3872)

@ Quantum Numbers compatible with JP¢ = 1+ (strongly preferred
by the data) and JP¢ = 2—+,

+2.1
—1.7

@ Mass : My = 3871.554 0.20 MeV//c?> — below D°D*® mass
threshold of 3871.80 4 0.35 MeV//c?

B(X—J/prtn— %) | 1.0+£0.4=£0.3 (Belle)
B(X—J/¢ymtx=) | 0.8+ 0.3 (BaBar) ’
R, — _BX=J/vy) 0.33 £ 0.12 (BaBar)
27 BX=J/¢m*r=) — | 0.14+0.05 (Belle)

B(X— S
Ry = poeg ey = 1.1+ 0.4 (BaBar).

©

Width : T =3.0 { MeV

©

R =

©

©

Experimental data suggest a weakly-bound D°D*® molecule coupled to
2P cc states.
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Introduction
oce

Measured Properties of X(3872)

@ Quantum Numbers compatible with JP¢ = 1+ (strongly preferred
by the data) and JPC = 2—+,

+2.1

—1.7

@ Mass : My = 3871.55+0.20 MeV//c?> — below D°D*® mass
threshold of 3871.80 4 0.35 MeV//c?

B(X—J/prtn— %) _ | 1.0+£0.4=£0.3 (Belle)
B(XX—J/gmtx=) 1 0.8+ 0.3 (BaBar) ’

o Ry— BX=J/vy) 0.33 £ 0.12 (BaBar)
B(X—J/min—) 0.14 £ 0.05 (Belle)

B(X— S
BXSUESI) 11+ 0.4 (BaBar).

o Width : I' = 3.0{ MeV

ORlz

0R3

P. G. Ortega, J. Segovia, D.R. Entem & F. Fernandez Phys. Rev. D 81,
054023 (2010)
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X(3872). Decays and Lineshapes
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Ingredients of constituent quark model

@ Model includes:
@ Chiral symmetry breaking — Pseudo-Goldstone Bosons.

1Y
A\

9 QCD perturbative effects — One Gluon Exchange.
9 Confinement — Non necessary for Meson-Antimeson interaction.

@ Interactions:

qiqj = nn = Veon + Voce + Vi + Vs,
Vag = 9i9i = nQ = Vcon + Voce
qiqi = QQ = Vcon + Voce S—
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ys and Lineshapes

Resonating Group Method and Gaussian Expansion Method

@ Quark interactions — Cluster interaction.
@ Direct RGM Potential:
RGM VD(P’, P,) = ZieA,jeB f dﬁé;dﬁ&éd%AdﬁgB
Gu(Pe, )05 (Pey,) Vi (P, Pi)pa(Pea) B (Pes)

@ ¢c(pc) is the wave function for cluster C solution of Schrédinger’s
equation using Gaussian Expansion Method.
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and Lineshapes

3P, Interaction

@ Pair creation Hamiltonian:
H—g [ dxi()u(x)
@ Non relativistic reduction:

7= 32y S [ dipd'e s¥pte) |31 (252 ) shie)el o)
yn

:| C=1,/=0,5=1,J=

-
2m

with v/ = 25/271/2~ and ~
@ Transition potential:

<¢M1¢M2ﬁ| T |wa> = Phﬁa§(3)(ﬁcm)

B

A:/ \:_c E\.G_W
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X(3872). Decays and Lineshapes
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Modeling the 17" sector

@ Hadronic state: W) =3"  ca [¥0) +3° 5 Xx5(P) [pm16m203)
@ Solving the coupling with cc states — Schrodinger type equation:

Z/ (H5=(P, P) + VEIR(P', P)) Xxa(P)P2dP = Ex (P')

with VST, (P', P):
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X(3872). Decays and Lineshapes
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Modeling the 17" sector

@ Inclusion of J/vp and J/1w channels necessary for strong decay
description — Rearrangement diagrams

@ Small contribution to the mass

dﬂwgw

May Map

Figure: Diagrams included in the quark rearrangement process
DD* — p(w)J /3.
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Results for X(3872) in a coupled channel approach

v Epng cc(23P;) D°D*° DED*F  J/yp J/yw
0231 —0.60 12.40 79.24 7.46 049 0.40
0.226 —0.25 8.00 86.61 4.58 053  0.29

Table: Binding energy (in MeV) and channel probabilities (in %) for the
X (3872) state for two values of the Py model  parameter.
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X(3872). Decays and Lineshapes
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Radiative decay description

qEv 2
Cvmp = 27 W (3lep( MXpsyw(@) + [u(r = 0)xws/w(a))
| o, Y 'Y S
| N |
X = - x:‘ \7 >’VVW [. ;=Jw
D | ]
1y | _‘—\\

@ Decay through cc component:

/ 4 —( GFN_
rEl (n25+1LJ = nl25 +1Ll/) ae q (2J/ + l)Sﬁ 655/ |5f1 =t f —{CGFN
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X(3872). Decays and Lineshapes
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Strong decay description

k
max I_ 2
S, :Z/ dk L = [ Moy w(K)|”
5L 70 (Mx — E, — Eypg)2 + 2

where
Mopsyp :/dSPXDD*(P)hDDupJ/lp(P, P').

nnnnnnnnn



X(3872). Decays and Lineshapes
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Decay results

Strong decay results

@ Experimental results:

_ B(X—=J/drtw
R = BX—J/drtn-)

@ Theoretical results:

0.8+£0.3

%) { 1.0+0.4+0.3

Summar

Eb,‘nd(MeV) r,r+7r—_/ w(KGV) r7r+7r*7r0J ¢(KeV) Rl
—0.60 27.61 14.40 0.52
—0.25 24.18 10.64 0.44
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Decay results

Radiative decay results

@ Experimental results:
R, — _BX=J/vy) 0.33+£0.12
27 BX=J/¢="x=) — | 0.1440.05 °
@ Theoretical results:
Epind(MeV) I')/"f’ﬁy I'j""di"v e I'jE oy Rs© R>
—0.60 0.014 0056 25103 8.15 0.29 0.30
—0.25 0.011 0.045 231073 525 022 0.22

Table: Decays in KeV.
Molecular component — Vector meson dominance (VMD) and Annihilation
(ANN) mechanisms.
RY is the ratio including only the contributions from the molecular part.
R5° from the c€ component and R; is the full result.
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Decay results

Radiative decay results

@ Experimental results:

_ _B(X=v(25)y) _

@ Theoretical results:

Eb,-,,d(MeV) r@l(\g\é),y R:,,’VI ij(zs)w R;E R3
—0.60 0.134 48103 9.80 0.35 0.34

—0.25 0.101 4.21073 6.31 0.26 0.26

Table: Decays in KeV.
Molecular component — Annihilation (ANN) mechanisms.
RY is the ratio including only the contributions from the molecular part.
R5® from the ¢t component and R; is the full result.
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X(3872). Decays and Lineshapes
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Lineshapes

]

Lippmann-Schwinger equation »— tﬂﬁ/(ﬁ7 p’, E) matrix
Lineshapes

©

dB, ((M1M)")
dE

Hadronic contribution M? (E)

-

Gho(p, E)

= const x k|MP(E)[PO(E)

¢

tp.k E)

@ Mesonic contribution M2 (E)

qlz(K E)

Y- — —

GFN
Goo(E) 8
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Lineshapes for £, = —0.25 MeV

Number of events/’2 MeV

Number of events/’2 MeV

Belle and BaBar data for the B — KD°D%7?

L
3875

M(D° D) (Mev)

L L
3880 3885 3890

3875

3880

3885

M(©D° D) (Mev)

(BaBar) reactions.

3890

Number of events/’2 MeV

Number of events/’2 MeV

L
3875

L
3880

L
3885

M(D° D) (Mev)

3890

3870

3875

3880

3885

M(©D° D) (Mev)

3890

Summar

(Belle) and B — KD°D* —‘:ﬂ

Solamanca



Other XYZ mesons Summar
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@ Mass and Width

JPC=1—"
My = 4008 + 401 3%* MeV/,
My = 226 + 44 + 87 MeV.

Mass (MeV) cc(23S;) ce(33Dy) ce(43S) D*D*
3650.973 92.45 % 0.22% 0.01% 7.30 %
3793.410 0.33% 99.11 % 0.00 % 0.56 %
4016.423 0.59% 0.03% 3453% 64.53%
4036.804 0.70% 0.03% 48.73% 50.00 %

Table: Mass and probabilities with *Pg « fitted to 1(3770) — DD decay.
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Other XYZ mesons
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Hidden bottom sector

Mesons Threshold JPe 3Py without 3P,
BB 10558.56 MeV 0T+ g2 =209g2 —0.02 MeV

. 1++ —1.31 MeV —8.96 MeV

557 10604.38 MeV { 19~ —0.01MeV  —0.05MeV
0+t g2 =270g% g2 =1280g2

B*B* 10650.20 MeV 1t= —0.04 MeV —0.04 MeV
2 —4.02 MeV —9.26 MeV

1+ = g2 =1.3g2

BB (1P, 11002.5 MeV { _ ch ch
(*P1) 1 —5.2MeV g2 =113g3
1—+ - 2 — 1.3g2

3 8ch 8ch

BB;(3P;)  11002.5 MeV { - e < c

—0.002 MeV/.__
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Hidden bottom sector

Other XYZ mesons
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Summary

Summary

@ X(3872) found as a weakly-bound D°D*® molecule coupled to
23P; ct state.

@ Good description of the radiative and strong decays. Although
X(3872) — 9(2S)~y lower than expected.
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Summary

Summary

@ X(3872) found as a weakly-bound D°D*® molecule coupled to
23P; ct state.

@ Good description of the radiative and strong decays. Although
X(3872) — 9(2S)~y lower than expected.

@ Lineshapes in good agreement with the data, specially for the
mesonic production.
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Summary

Summary

@ X(3872) found as a weakly-bound D°D*® molecule coupled to
23P; ct state.

@ Good description of the radiative and strong decays. Although
X(3872) — 9(2S)~y lower than expected.

@ Lineshapes in good agreement with the data, specially for the
mesonic production.

@ Y/(4008) found as molecule in the same formalism, coupled to c¢ —
Experimental confirmation needed.

@ Rich spectroscopy in the hidden bottom sector.
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Summary

Thanks for your attention
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Summary

Ds1(2460)

@ Close thresholds

D*K — M = 2504.16 MeV/,
DK* —s M = 2763.70 MeV/,
D*K* — M = 2904.84 MeV.

@ Close Ds; states

13P; — M = 2571.475 MeV/,
1'P; — M = 2575.934 MeV/,

M(MeV) Dy(13P,) Da(1'P;)) DK  DK* D'K*
2501.628  72.03% 0% 235% 447% 0%
2430.604 0% 75.13%  14.52% 457% 5.78%
2494290 52.62%  9.32%  33.92% 3.40% 0.73%

— GFN_
Table: Mass and probabilities with *Py  fitted to 4(3770) — DD decay. _5',_
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