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1. Introduction
 Why is - so interesting even after we have 

had both experimental and theoretical effort on 
for more than 40 years?   

 The reason is that it contains rich physics such 
as the precise test of Chiral Perturbation 
theory(ChPT) in low energy region, quark masses 
and Chiral condensate, and especially 
resonances therein.

 They are related to process including  final 
states, such as Y(4260)→J/ψ, ψ'→ɤ, J/ψ→ɤ.



Introduction

 The scalars 
and tensors 
appear in 
such 
processes 
are rather 
interesting.

Jaffe
Phys. Rept. 409 (2005) 1



Tensors

 They are       , or                 .  They are  also 
interesting due to their connection to scalars. 
For example if sigma is the companion of 
f2(1270) with composition                  , in quark 
model it has:

qq ggqq 

n=3, Coulomb potential

'2' by F.E. Close et. al,
PRD43 (1991) 2161

n=0, linear confinement

n=0.7-1.3
Dai & Pennington
PRD90 (2014) 036004



Scalars

 What is scalar? The same quantum number 
with QCD vacuum.

New physics?

structure

locations

Existence

?qqqq?gg?qq

0++

Part of them

Almost done



improvement from previous analysis

 There are lots of models on pipi scattering, 
such as K-Matrix, unitarized ChPT, they can 
keep multiple channel unitarity but only work 
very close to the real axis.

 There are lots of model-independent way 
such as Roy or Roy like equation,  they keep 
analyticity, crossing symmetry, but multiple 
channel unitarity is difficult to fixed. 



 where K-Matrix, ChPT, etc. works

 K-Matrix only works at [4m
2,2]GeV2 and a bit 

far away from the real axis.
 ChPT will be work in [-0.5, 0.5]GeV2 and a bit 

deeper in the complex plane.



Roy Equation domain

 Given elasticity, they are less conclusive 
above KKbar threshold. The unit is m

2,

I. Caprini, G. Colangelo 
and H. Leutwyler, 
PRL96 (2006) 132001



 this work



we analytical 
continue it to 
the complex 
plane

Fit to get  - 
KK  coupled 
channel  
scattering 
amplitudes at 
real axis.

Extract the 
pole locations 
and couplings  

K-Matrix Dispersion poles

Strategy



2. K-Matrix fit

 -KK  coupled channel scattering 
amplitudes
 We use  K-matrix to represent S partial 

waves, with Isospin=0 .

 For other partial waves we use the 
parametrization of Constraint Fits to Data IV 
(CFDIV). Pelaez et al. 

PRD83 (2011) 074004



K-Matrix fit

  - KK  scattering inputs
 Data on Phase shifts and inelasticities of 
 - KK coupled channel scattering.

 Dispersion analysis based on symmetry 
and fit to data: 

• T-matrix of ππ  scattering by CFDIV . 
• →KK  amplitudes given by Roy-Steiner 

Equation.
Descotes et.al
EPJC33 (2004) 409



Hadronic amplitudes

 ππ  scattering inputs
 BABAR's Dalitz plot analysis of Ds

+→(+-)+ 
and  Ds

+→(K+K-)+ process.
              



Data: phase shift and inelasticity

  phase shift and inelasticity



Data: phase shift and inelasticity

  → KK phase shift



 They use Roy like equation and take crossing 
symmetry, unitarity into account.

Dispersion analysis constraints

Dai & Pennington
PRD90 (2014) 036004



BABAR's Dalitz plot analysis
 KK threshold region is quite important as it is 

around f0(980).



Final T matrix

 We only list -KK coupled channel S-wave 
here, for Isospin 2 waves we use CFDIV.  

 The  -  amplitude has been given in the 
past page.



Poles from hadronic amplitudes
 Now we have obtained amplitudes in real axis.
 we can extract pole locations in different 

Riemann sheets. It gives hints for structure.
Dai,Wang and Zheng CTP57 
(2012) 841, CTP58 (2012) 410
a small Breit-Wigner origin

Morgan  NPA543 (1992) 632.
Pennington  arXiv:1003.2549 [hep-ph]
KK molecule?

Nebreda, Londergan, Pelaez, and 
Szczepaniak, arXiv:1403.2790 [hep-ph]
None ordinary structure?



3. poles from dispersion

 We define 
                                   TI

J=PI
J ΩI

J, 
    in principal PI

J has only l.h. cuts, and ΩI
J, contains r.h. 

cuts:

 Here for φI
J, we only know it exactly up to 2GeV2, to 

get the Omnes function it should be continued to high 
energy region. 



phase

 It doesn't matter which 
parametrization to be 
used for high energy 
region.

 Below 2GeV2 it is from 
our fit, above 4GeV2 
from Regge behaviour.  
For other waves we use 
a smooth function to 
make it more or less 
close the the data(if 
there is) or models' 
prediction.  



Phases and Omnes function



 Partial wave dispersion approach

 In fact we made a bit trick to make the 
amplitudes to be limited in infinite energy 
region:

 Where Q is the second hand Legendre 
function. ΦI

J has l.h. cuts and r.h. cuts above 
2GeV2 , we write: 



Dispersion relations
 Now what we need is the l. h. (r.h.) cuts of ΦI

J,

 Notice that the r.h. cuts is begin from 
sR=2GeV2, due to the unknown phases.

Comformal mapping

Fixed by scattering lengths







threshold parameters



Extract couplings

 To extract the poles and coulings from 
different Riemann sheets.

Xiao&Zheng 
CTP48 (2007) 685

F, of course, could be T:



poles and couplings
 In the second sheet:

Pelaeze  et.al
PRL107(2011) 072001



4. Futrue application

 Due to final state interaction theorem:

    we can get more accurate study of other processes 
which has pipi KKbar final states. Such as 
Y(4260)→J/ψ, ψ'→ɤ, J/ψ→ɤ

 We got the accurate pipi scattering amplitudes. It not 
only fix the pole locations accurately, but also be 
helpful to get more accurate two-photon couplings., 
which are very important to study the structure of 
resonances



J/ψ→ɤ+-

 It only refers to pipi final state interaction,.
 There are rich information about tensors and 

scalars.

BES PLB642 (2006) 441 



J/ψ→ɤ00

 Even more better 
process as the 
background is 
cleaner. 

 Now there will be 
high statistics data 
(M. Shepherd's talk). 

BES PLB642 (2006) 441 



a more complete analysis

 A coupled channel analysis will include the J/ψ
→ɤK+K-,ɤK0K0.,ɤKsKs, 

BES PRD68 (2003) 052003



5. Summary

AmplitudesAmplitudes
Including all new datasets and analyticity, unitarity, 
crossing symmetry, we perfom an amplitude analysis on 
pipi scattering.

polespoles
With these amplitudes we extract the accurate pole 
locations and pipi couplings.

StructureStructure
We get very accurate pole locations and couplings 
of f0(980),  it is most likely to be KK molecule, 
though a combanation with         is still possible. 

futurefuture
We will focus on processes including pipi final states, 
such as J/ψ→ɤ, ɤKK, They will be helpful to study 
scalars and tensors therein..

qq




