RUHR [

UNIVERSITAT XVII In;cernational conference on
BOCHUM Hadron Spectroscopy and Structure

16-21 Aug. 2019, Guilin, China

Prediction K* meson with hidden charm

Xiu-Lei Ren (/1% &)
Institute of theoretical physics Il, Ruhr-Universitat Bochum

Based on the following papers:

XLR, B.B. Malabarba, Li-Sheng Geng, K.P. Khemchandani, A. Martinez Torres, PLB785(2018)112
XLR, B.B. Malabarba, K.P. Khemchandani, A. Martinez Torres, JHEP05(2019)1



Outline

O Introduction

0 Theoretical Framework

0 Results and discussion

O Summary and perspectives




Low-energy QCD

O Quantum Chromo-Dynamics

 Fundamental theory for strong interactions (up to now)
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Milestone of exotic hadron spectroscopy qys
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Dynamical generation in UChPT

0 Molecular picture

o D:E)(2317) s-wave DK bound state FE-k Guo, etal., PLB641 (2006) 278-285

o Dsl(2460) s-wave D*K bound state F-« cuo, etal, PLB647 (2007) 133-139

° X(3 872) DD* + c.C.  p. Gamermannand € Oset, Eur. Phys. J. A 33, 119 (2007)

° ZC(39OO) DD* + C.C. F Aceti et al., PRD90 (2014) 016003

> KD, KD*, DD*/DD* interactions are attractive!
LQCD: KD/KD¥* : I =0 moderately attractive, I = 1 slightly repulsive

L. Liu, et al., PRD87 (2013) 014508

0 A nature guestion is that there exist the three-body bound
state with the above building blocks or not.
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Three-body problem using Faddeev equations

RUB

0 Faddeev equ AtIONS L b. Faddeey, zh. Eksp. Teor Fiz. 39, 1459 (1960) [Sov. Phys. JETP 12, 1014 (1961)].

 Three coupled integrodifferential equations

e |tis not easy to solve exactly

O Simplify or introduce the approximations

o A|t-Grassberger_SandraS approach Nuel. Phys. B2, 167 (1967), Phys. Rev. C 17, 1981 (197§)

v Transforming the Faddeev equations to the two-body form

v Easily be solved in a separable formulation

 Faddeev equations with chiral unitary approach . raxseaa e & PRC77

042203(2008)

v Using the on-shell two-body scattering amplitudes from the Bethe-Salpeter

equation |k py Alberto Martinez Torres @ Session 3, 9:55, 8/21

R. Chand and R. H. Dalitz, Ann. Phys. 20, 1 (1962).

o Fixed Center Approximation (FCA) & c sarrettand . peioft, PRC 60, 025207 (1999).

v Criteria: a heavy cluster formed by the first two particles
a light third particle

= Reduce the Faddeev equations to the two-body form




Successful applications of FCA

0 One-meson and two-baryon systems T T T e e
o KNN/Kpp Bayar, Pro@2011),NPAR012),PRC(2013 gzz_g Hé Comcted 1

v Predicted bound state has been supported by J-PARC g: ’ ﬁ* aﬁH | %’E :

[0 Two-meson and one baryon systems ng1£ wh ot
o TP Xe PrRc2011) Explain the structure of As,+(2000) ° J_P:\';(; "214{‘;‘;;’6’3%](2.();;) 6;220

o KKN xie, PrD2011) Support the existence of N*(1920) Consistent with the Faddeev cal.
A. Martinez Torres, et al, PRC79,065207(2009)

0 Three-meson systems

e Light sector: pKK Bayar, EPJA(2014)’ ﬂ(qKIZ Liang, PRD(2013)’ qbKK Martinez Torres, PRD(2011);
7tK* K zhang, PrD(2017); NK* K zhang, 1906.07340

e Heavy sector: DKK, DKK pebastiani, PRD2017); pDD Durkaya, PRD(2015)’ pD*D>X< Bayar
EPJA2015); PB™B™ Bayar, ePsaco16); BDD, BDD pias, PRD(2017); DOBOB®) pas procors)

O Multi-meson systems

*  multi-P Roca, PRD(2010);

% . .
. K )-multl-p Yamagata-Sekihara, PRD(2010); Xiao, PRD(2011); ID*-mUlti-p  Xiao, PRD(2012)



Multi-p systems in FCA
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In this work

O We study the three-body system, KDD*, by solving the
Faddeev equation with the fixed center approximation

 Heavy bound states of DD* forming the cluster: X(3872) or Zc(3900)

e Light particle K scattering off the cluster

0 We find a bound state with hidden charm structure at the
strangeness sector

e Mass =4307(2) MeV and Width = 18(2) MeV
 Isospin: 1/2and JX =1~

O We also investigate the decay properties of our predicted
state

XLR, B.B. Malabarba, Li-Sheng Geng, K.P. Khemchandani, A. Martinez Torres, PLB785(2018)112
XLR, B.B. Malabarba, K.P. Khemchandani, A. Martinez Torres, JHEP05(2019)1
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Fixed center approximation

[0 Faddeev equations

Scattering amplitude of 1,2,3 particles
a set of three coupled equations

1
T:iTi' T =ti+1;GoTj +t: Go Ty - @legel% o
1=1 3

O Fixed center approximation

Exist a stable cluster, e.g., of (1, 2)

Mass hierarchy: m5 << M.,

Scattering amplitude reduced as two coupled equations
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[0 Single scattering: t; N = N

A 3., 1,
(KX (3872)|t |[KX(3872)) =t; = Zt;—g + Ztﬁ(—g. ) t
) 3., 1,
(K X (3872)| £5 | KX (3872)) =ty = Ztﬁa—%* + Ztg—g*. K
K
D D D D

= Inputs: KD and KD* scattering amplitudes
" Totally fixed through UChPT with the heavy quark symmetry r_k Guo, et al., PBL647 (2006) 278

O Double scattering: ti Go f;

* Go: K meson propagator inside the cluster X(3872) < K
1 d3q F'x(q)
Go(q) = — -
O(q) fo(27T)3 q02—q2—m%{‘|—i€ G G
-2 4t to ===
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* Fx: Form factor of X(3872)

Fx(q) = 1 | Pp fx () fx®—q). ’
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wp (p)wp+(P) Mx —wp(p) —wp-(p)’

= Cutoff: fixed as the value used in the DD* scattering to produce X(3872) in UChPT.

N =Fx(0), fx(p)=




[0 Single scattering: t; N = N
. 3., 1,
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ODoubles Parameter-free framework
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= Cutoff: fixed as the value used in the DD* scattering to produce X(3872) in UChPT.




KX and KZc scattering in FCA UE

O Full scattering amplitude of KX(3872)

T =T, + Ty _thtta+20tGo

T 7 o
Ty =t +1t1 Gy 1> L= tit2 G
Ty =to +ta Go 11

0 Consider the transition between X(3872) and Zc(3900)
o X(3872)/Zc(3900): DD* + c.c.

a @/K
* Total scattering amplitude e I
Ty Thia K/ K/@'

I'="1T7 +15 =

191 Ao |

e |ntroduce the matrix form of t1, t2, Go

b = [(tl)ll (t1)12 ] = [(t2)11 (t2)12] Gy = [(Go)ll 0 ] |

(t1)21 (f1)22 (t2)21 (t2)22




KX and KZc scattering amplitudes o
OO Modulus squared of scattering amplitudes

* Without considering the transition between KX and KZc
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Predicted heavy K* meson

0 New meson with hidden charm in the strangeness sector

Mass = 4307(2) MeV and Width = 18(2) MeV
Isospin: 1/2 and J =1~
Six-quark state with e. g. K¥7(4307) : uddscc

Molecular component: KDD*

Our prediction is consistent with the one (4317 MeV) given by
solving the three-body Schrodinger equation with Born-

Oppenheimer approximation.
Li Ma, Qian Wang, UIf-G. MeiBner, Chin.Phys. C43 (2019) 014102

Talk by Li Ma @ Session 3, 11:50, 8/21

We also investigate the KDD and KD*D* systems using the fixed
center approximation of Faddeev equations

Systems 1(J5) Masses of bound states
K(DD)y 3700, ~0) 4162 MeV
K(D*D*)y3015) ~@) 4368 MeV




Decay properties of K¥(4307)

O In order to provide more information
e Link to the internal structure of K*(4307)

 Reliable for the experimental searches

0 We studied the decay properties of K*(4307)

 Calculate the decay to two-body channels
v K*(4307) = J/wK*, DD, D*D*, DD, K*ust)

v Via the triangle loop
e Calculate the decay to three-body channel
v K*(4307) = J/yaK
v Via the tree diagram k*m":f)

XLR, B.B. Malabarba, K.P. Khemchandani, A. Martinez Torres, JHEP05(2019)1




[ The squared amplitude of KZc is around 200 times larger
than that of KX

= We focus on the decay processes of K*(4307) via the Zc
iIntermediate state

Decay processes of K¥(4307)

O The estimated width of K*(4307/) is from Zc’s width

Four decay channels through triangle loops

JAp

Ol
*

Ol




Decay width

O Evaluate the decay processes in the charge basis

0 Use the momentum cutoff to regularize the triangle loop
* Vary the cutoff from 700 MeV to 800 MeV

O Decay width
* Two-body decay channels can provide around 9 MeV

Process Decay width (MeV)

K*(4307) —» Jly K* 6.97 £0.27
K*(4307) - D D¢ 0.54 = 0.08
K*(4307) - D* D 0.54 = 0.07
K*(4307) = D Dy 1.14 £ 0.17

* Three-body decay channel can provide 12 MeV X"f
K*(4307) - JlyK = D 2 "

K

* |n total, the width of K*(4307) is around 21 MeV Consistent with the one
given before.




Summary

O We studied the three-body system, KDD* in the fixed
center approximation of Faddeev equations

0 And predicted a six-quark state with hidden charm in the
strangeness sector

1 r
. K*(4307) with I(J") = E(1—) and m + iE = 4307(2) = i9(1)

0 We also calculated the decay width of K*(4307) via the two-
body and three-body final states

O In order to provide more favorable information for the
experimental search, we are working on the production of

K*(4307) through the decay of B mesonto J/w K n 1.




Invariant mass distribution of J/wKr s

0 X(3872) found in the J/wrx invariant mass distribution
B~ - JlyK ntn~
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O How about the invariant mass distribution of J/ywKr?
O Our predicted K*(4307) can be found in there?
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