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IntroductionIntroduction
The limitation of The limitation of LuscherLuscher method.method.
One channel case:One channel case:

one (E~L) one (E~L) �� one (one (E~E~δδ))
Two channel case:Two channel case:

Three (E ~ LThree (E ~ L11, L, L22, L, L33) ) �� Three (E~Three (E~δδ11, , δδ22, , ηη))

Lattice spectrum

Several L  J Several E

Several E  J Several L

Difficult !
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Hamiltonian for Hamiltonian for ππ ππ scatteringscattering
One channel case (1b-1c): 

only ππ, fit up to 0.9 GeV

Include 5 parameters

Two channel case (1b-2c): 

ππ ⎯ΚΚ, fit up to 1.2 GeV

Include 10 parameters
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1. Our approach is correct !  

2. 1 channel and 2 channel is   
almost the same
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Applications to Lattice QCDApplications to Lattice QCD
If there are some Lattice data of spectrum, how can we 
change them to the observations?

By our method:           Fitting       

By Luscher method:   Solving Equation

Can  (1 channel )     or     Can not  (2 or multi-channel )

Fitting bring one problem: would the form of the “g” and “v”
influence the last result or not ? 

Check this problem: we will produce some Lattice 
spectrum data by the 1b-1c and 1b-2c models, then we 
will use different form of potential to fit these data, then 
using fitted parameters to compute the observations to 
check the dependence of the form of interaction.
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One channel case:

, 2

, 2 2 2 2 2

, 2

4

,

,

,
2

, 2 2 2

( )
,

4
,

,

1A ( )
(1 ( ) )

1 1( , )=
(1 ( ) ) (1 ( ) )

1B ( )
(1 ( ) )

1 1   ( , )=
(

        

      

    

    

   

1 ( ) ) (1 ( ) )

C ( ) 

i

i

k

i

i
i

i

c

g k
k

v k k
m k k

g k
k

v k k
m k k

g k e

g
c

G
d d

g
c

G
d d

g
α α

α α
α

α β α β
π α β

α α
α

α

α

α

α β

α β

α

α

β α β
π α β

α α

α β

α β

α

π

π

π
−

=
+

+ +

=
+

+ +

=
2

22 ( )(
, 2

, )( , )=

       

       d kd kv k k e e
G
m

α βα β
α β α

α
β

π

β −−
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Two channels case:

FITTING COMPUTING





Applications to Lattice QCDApplications to Lattice QCD
Two channels case:

By 16 or 24 points on the two different L, Luscher method can 
tell us NOTHING, but our approach can give a good 
description of observations. 



Applications to Lattice QCDApplications to Lattice QCD
Summary

Fitting approach with our Hamiltonian method:

1. It is valid in the energy region where the spectrum data are 
fitted.

2. It is valid not only for one-channel case, but also for two-
channels case, then we believe it would be also valid for 
multi-channel case.

3. It is independent of the form of the Hamiltonian. 
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SummarySummary

We apply the finiteWe apply the finite--volume volume Hamiltonian methodHamiltonian method to to 
the the ππππ --⎯⎯KK scattering. KK scattering. 
The finiteThe finite--volume volume Hamiltonian method is as Hamiltonian method is as 
accurateaccurate as the approach based on as the approach based on LuscherLuscher
method in both the onemethod in both the one--channel and twochannel and two--channel channel 
cases.cases.
The finiteThe finite--box Hamiltonian method can give box Hamiltonian method can give correct correct 
predictionprediction of scattering observables in the energy of scattering observables in the energy 
region where the spectrum data are fitted, region where the spectrum data are fitted, 
independentindependent of the form of the Hamiltonian.of the form of the Hamiltonian.
In the two channel cases, this Hamiltonian method In the two channel cases, this Hamiltonian method 
need much need much less LQCD effortsless LQCD efforts than than LuscherLuscher method. method. 



OutlookOutlook

Our approach is only in the SOur approach is only in the S--wave and wave and 
Center Mass system (C. M.). It is the Center Mass system (C. M.). It is the 
simplest system.simplest system.
PP--wave  wave  JJ Consider the Spin and angular Consider the Spin and angular 

momentum interaction momentum interaction 
C. M.     C. M.     JJ boost system  boost system  

JJ High eigenvalue of energy  High eigenvalue of energy  
&   Three body case  &   Three body case  
&   Electromagnetic form factor &   Electromagnetic form factor 
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