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Framing The Problem

HSC, Phys.Rev. D80 (2009) 054506

hn; p0�0|jµ|m; p�i
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eq ̄q�
µ q

Vector Current  
Matrix Elements

what do we want? what do we have?
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Distillation 

Large Basis of Interpolators

Variational Method

C(t)V = C(t0)V ⇤

Optimized Operators
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Spectroscopy
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Spectroscopy

C(t) = h0|O(t)O†(0)|0i

=
X

n

e�Ent

2En
|h0|O(0)|ni|2

Two Point Function
What if |h0|O(0)|ni|2

is small (zero) ?

Isolate a single state

O

C(t)

t

O

C(t)v(n) = �n(t)C(t0)v
(n)

Diagonalize
the matrix

Build a basis of operators

Use a matrix of correlators
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 !
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Solution:
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Projected Ops
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Matrix Elements

jµ =
X

q

eq ̄q�
µ q

Cµ
nm = h0|⌦n(t)j

µ(t�)⌦
†
m(0)|0i
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Matrix elements ‘hide’ in 3-pt functions

sum over  
everything 

need to isolate
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Matrix Elements

jµ =
X

q

eq ̄q�
µ q

Cµ
nm = h0|⌦n(t)j

µ(t�)⌦
†
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Matrix elements ‘hide’ in 3-pt functions

sum over  
everything 

need to isolate

“diagonalize” 
the sum? 
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Cµ
n,m(�t, t�) = h0|⌦n(�t)j

µ(t�)⌦
†
m(0)|0i

Optimized  
Operators 
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The Linear System

Optimized Operators 
‘relax’ quickly pollution term

Matrix Element Decompositions

Cµ
n,m(�t, t�) ⇠

e�En(�t�t�)

2En

e�Emt�

2Em
hn|jµ|mi+ f(�t, t�)

Form Factor
Kinematic Factor

hn|jµ|mi =
X

k

Kµ
k (n,m)Fk(Q

2)=

Some Examples

h⇡, p0|jµ|⇡, pi = (p0 + p)µF⇡(Q
2)

h⇡, p0|jµ|⇢, p�i = 2

m⇢ +m⇡
✏µ⌫�⌘p0⌫p�"⌘(p,�)F⇢⇡(Q

2)
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Signal Isolation

How well does it work?
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Time Dependence
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A Lattice Artifact
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The Calculation
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Pion Form-factor

hr2i = �6
d

dQ2
F (Q2)|Q2=0

FVMD
⇡ (Q2) =

m2
⇢

m2
⇢ +Q2
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Rho Form-factors

⇢ ! ⇢�
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Rho Form-factors

⇢ ! ⇢�

Form Factor
Kinematic Factor

hn|jµ|mi =
X
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Kµ
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Transitions

h⇢; p0�|jµ|⇡; pi = 2F (Q2)
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The ‘Illegal Stuff ’
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Something New
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A Look ‘Under the Hood’
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A Look ‘Under the Hood’
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‘Hindered’ Transitions

22

-0.1

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

-0.02 -0.01  0  0.01  0.02  0.03  0.04

-0.4 -0.2  0  0.2  0.4  0.6  0.8

 0.4

 0.6

 0.8

 1.0

 0  0.01  0.02  0.03  0.04  0.05

 0  0.2  0.4  0.6  0.8  1.0



h⇢; p0�|jµ|⇡; pi = 2F (Q2)
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The Future
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ground states

explored  
systematics 

seen real  
physics

what have we done?
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transition

explore more of  
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In the works

charm,  
tetraquarks, 
baryons?

other directions
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Correlator Construction



Clover Action
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Add irrelevant operators

Redefine QED fields

Phys. Rev. D 64, 034509



Renormalization

 0.85

 0.90

 0.95

 1.00

 1.05

0 1 2 3 4

 0  0.2  0.4  0.6  0.8  1.0



Dispersion

 0.05

 0.10

 0.15

 0.20

 0.25

 0  1  2  3  4

 1.0

 2.0

 3.0

 4.0

 5.0

 6.0

 0.2  0.6  1.0



Rotational Symmetry
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