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Key Questions

A What does the bound state ligtfitont
wavefunction look like beyond valenEeck
sector

I What doespositroniumlook like?
I The probability of finding a photon in it?
A How to solve for the bound state ligifrtont

wavefunction in arab initioapproach in
Hamiltonian formalism

I Truncations, renormalization, divergences?
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Outline

A Introdction to BasisLight-Front Quantization BLFQ)

A Electron
I Renormalization in BLFQ

A Positronium
I Embedding in BLFQ



Basis Lighfront Quantization

A Based on quantum field theory

A For both firstprinciples and effective theory
A Non-perturbative

A Hamiltonian formalism

A Lightfront dynamics



Basis Lighiront Quantization

A Solve quantum field theory through
eigenvalue problem of ligHront Hamiltonian

P*|b)=P;|b)
. lightfront Hamiltonian

0
- § a: lightfront amplitude for masgigenstates
0 : eigenvalue (lighfront energy) foreigenstate| 17>

A Evaluate observables feigenstate | b)

0° (b|&ib)
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General Procedure for BLFQ

DeriveLFHamiltoniand from Lagrangian

. Construct basis statea)
. Calculate Hamiltonian matrix elemenig|P |a)

DiagonalizeP™ (solve P |b)=P,|6) ) and
obtain itseigenspectrum
Evaluate bservableso© (4|db)



General Procedure for BLFQ

1. Derive LFHamiltonian0 from Lagrangian



Example: Obtain LF QED Hamiltonl

A QEDLagrangian £ = F.F* + ("D, —m.)¥
A Derived Lighfront Hamiltonian
P~ = /d2azde‘ FFTOLA, +i0y 0.0 — L (A+ = O)
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General Procedure for BLFQ

2. Construct basis statea)
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General Procedure for BLFQ

2. Construct basis statea)

Focksector expansion + 2D Harmonic Oscillator Pldhewave
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Basis Construction

A Example: single physical electron in QED
1. Fockspace expansion

e.d.lepnys) = ale) + bley) + cleyy) + dleee) + ... ..

2. For each~ockparticle:

A transverse 2D-HO basisK, .(r/) ), labeledbyguantum number
(HO basis parametd§ = /MW )

A longitudinal planewave basis, labeled by
€.g. |eg)=[e)Alg)
with e={n* ,m°,k%,/°}  apd{n’,m’ k% /%}



Set of Transverse 2D

HO Modes for n=4

m=0 m=1
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J.P. Vary, H. Honkanen, J. Li, P. Maris, S.J. Brodsky, A. Harindranath,
G.F. de Teramond, P. Sternberg, E.G. Ng and C. Yang, PRC 81, 035205 (2040).

ArXiv:0905:1411



Basis Truncation

A Focksector truncation

A Longitudinal periodic boundary condition
(integer or half integek)

o,
ak =K
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General Procedure for BLFQ

3. Calculate Hamiltonian matrix elementg'|P |a)
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General Procedure for BLFQ

-~

5. Evaluate bservableso© (p|dib)
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Single Physical Electron

_ XZ, HHonkanen P. Maris, J. P. Vary, S. J. Brc
A Focksector truncation: . Phys. Letts. B737, 65 (2014)

epnys) = ale) + blev)+ cleyy) + dleee) + .. ..
A Interaction part of the Hamiltonian

[ Matrix Example: Npge =3, K =2 ]

e: 1. n=m=0 010 |0 | —|——|—|—
evadml| 0 |00 |0 |0 |——<]—=
eta=lm0| O | 0 | O |—|—|—|—|—<
i || 0 |—=]0][0][0]|0]|0
o1~ 0 |-<] 0] 0] 0] 0|0
i |~~~ 00| 0|00
s 0,1 — == 0,0]0]0/0
o |||~/ 0]0/0]0|0

A Ground state is identified as the physical electron



Am, (MeV)

Renormalization

A In quantum field theory, bare electron mass in
the Hamiltonian is not the physical mass.

A Bare electron mass is found by matching the
ohysical electron mass to the experimental valu

40 60 80 100




Structure of Electron Wavefunction

9.7 . ,
Kot =50 + 1/2

"o Noay/2 Odd

o Nmax/2 Even |
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Z>» x 10

A In electron, the probability of findingfllis almost zero.
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Comparisorof GPDE(x,d) obtainedfrom BLFQand
Light Coneperturbation theory, for selectedg?. The
integral of GPDE(x,d) over the momentumfraction
x contributesF..
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Form factors as functions of g2 obtained from BLFQ
andLightConeperturbationtheory (Stanleyl Brodsky,
etal.)

Top panel Pauli form factor F,(g?), bottom panet
gravitomagnetidorm factor B(¢f) =B + B,

In the perturbativecalculation, UV and IR cutoffs are imposed on the transverse momenta to match the Bl

basis truncation. UV cutoff\, = byv/Npax

’ IR Qk'tﬁsz/ V Nmax



Positronium
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Mass Renormalization

A Embedding

I Masscounterterms(bare mass) should be
evaluated on the level of single electron

I Construct a series of parallel single electron
problem with matching kinematics

ia9YO0SRE (UKS LIKE@ @pdsitonim S
basis, allowing only the electron to be coupled
with the photon: the positron being spectator

i Countertermsare not onlyFocksector dependent
but also basistate dependent



Statedependent Mas€£outerterms
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A With statedependent massounterterms
applied, the ground state binding energy
convergence is much improved



Divergence In Longitudinal Direction
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A This divergence is due to violation of current
conservation introduced by basis truncation



Longitudinal regulator

A Introduce a regulator in the longitudinal direction
fo(x) =1 —exp (—x?/x7)

A Applied to both embedded single electron system
and positroniumsystem, both the vertex interaction
and the instantaneous interaction

A Results depend on,xstill a problem



Longitudinal Requlator
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A x.=0.1 seems reasonable since hard photons are
not expected to be responsible for binding



Structure of Wavefunction

A Probability of findingpositroniumin SCXHiFock
sector ., . .
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A Seems thatXT awill eventually dominate,
from constituent electron?



Conclusion

A Mass renormalization is needed when BLFQ i
dealing with more than a singkeocksector

A Embedding approach with basis state
dependent renormalization seems working

A Multiple divergences encountered

A HigherFocksector seems dominating
positronium



Next

A Explore parameter space further

A Better treatment of longitudinal divergence
A Mass spectrum

A Observables

A QCD counterpart






