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Motivations

Calculation of relativistic bound state systems
in Hadronic Physics

(like everybody in this room !!I)

> Solution of an eigenvalue equation
> Non-perturbative kernel, including self-energy type corrections

> Systematic procedure to improve any approximate calculations



General framework :
Light Front Dynamics

d Hamiltonian formulation

z
> |n terms of the light-fronttime 7 =1+ —
C

A A

2 2 . _ pO pint
P-1(p)=M"!(p) with B, =P, +F/

and !p/|p" = 2pod° (P # P)
d No vacuum fluctuations

> Decomposition of the state vector ] p> in terms of Fock components
with exactly i particles (“particle sector”) plus eventually zero modes
(“vacuum sector”, not considered here)

p) =gt |2) . . | V).

['y x(n|p)  vertex function




d The boost operator along z is kinematical

> No mixing between the various Fock components by the boost

d Treat eventual divergences of amplitudes by appropriate
regularization methods

d Very similar to N-body calculations IF we know
how to deal with renormalization

J Renormalization conditions

> |Impose renormalization condition in order to relate amplitudes on
the light front to physical observables

in QED (or Yukawa model) F2(3 = MQ) = Y9phys

How this (very) general framework can work in practice?

> Truncation of the decomposition in Fock components



Fock space truncation
Py =11) +2) + ... |V)

d Control of violation of rotational invariance

Z L] L] L) L)
T =t + — is not rotational invariant
&

> either calculate in perturbation theory the contributions necessary to
restore rotational invariance (for instance pair or Z contributions)

> or identify, and remove by appropriate counterterms, the spurious
contributions which depend on the position of the light-front

. . ‘ 2
T =11 S, — with arbitrary o , ®“ =0
G

> this is the only possible way in non-perturbative calculations

explicitly covariant formulation of light-front dynamics



> First application: decomposition of the Fock components in (covariant)
spin structures

ex. for the Yukawa model (fermion coupled to scalar boson)
a(p)Uou(ky) = a(p) by + by B2 | u(ky)

B(p) (k1) = @(p) [b1 + b2 + Cp (b1 + 0:222) 5| (k)
1
m2w.p

with Cps 3 Exidl k2u k31/ Ppw~

> Since the Fock components are not observables, they DO depend in
generalon () (necessary to have the angular condition right)

> On the energy shell however, they should be independent on (0 for an
exact calculation

> The renormalization condition I's(s = MQ) x g implies by(s = M2) =,
to be inforced eventually by appropriate () - dependent counterterms



J Renormalization scheme

> |t should be consistent with the truncation of the Fock space

> Simple example: renormalization of the self-energy

om
- i»L + + =

> Couples two different Fock components
one should keep track of the physical content of the counterterm as a

function of the number of particles it corresponds to : 5m(2)

and more generally m ™

(n)

> The same is true for the bare coupling constant gg — g



> |n perturbation theory we have also a whole series of bare parameters/
counterterms where n is the order in the perturbative expansion

> Here n is related to the number of particles “in flight”

> A calculation of order N involves  dm'Y ... sm V)

1 N
i g

(n)

> om\™ and g, are calculated by successive solution
of the N=1, 2, 3 ...N systems

> This is a systematic, non-perturbative, procedure which
should avoid uncancelled divergences

but also true if there are no divergences!



J Renormalization condition

[5(s = M?)=g ifthereis no Fock truncation

> Otherwise, the dressing of the
final fermion is not the same

as the dressing of the initial one

> This should be corrected for in the renormalization condition
I5(s = M?) = gl

where [ is the normalization of the N-th state, with | | + |5+ ... + 1y =1

> if the Fock expansion converges rapidly,
IN ~ (O

and one recovers the “exact”’ renormalization condition



d Adequate regularization procedure

> Naive cut-off procedure in x and kt : violation of rotational invariance

MYy
I

X(p) = A" B(pz)% + C(p?)

lp
and C(p°) =0

> Pauli-Villars regularization scheme

* Physical particle =» Physical particles + Pauli-Villars particles

* Depending on the singularity of the amplitudes,
many PV fermions and/or bosons

* Infinite mass limit to perform (numerically)



> New regularization scheme : Taylor-Lagrange regularization scheme

> Field operators are treated as distributions which are defined on specific
test functions

T,8(p) = lp,p) 3 / ey

> Decomposition in momentum space
A 1 (00 o0 IS ——

> Adequate choice of test fuctions

* partition of unity: observables should be independent of the choice of test functions

fle) =" u(w—jh)

» Super regular test functions with all their
derivatives equal to zero at the boundaries
to treat all types of singularities at once

f g Rk (f) = f Taylor remainder




>> Scaling properties provided by the boundary condition
In the UV domain

f(X)=0 at X=h  with A(X)=p"X*+a-1

the limit f s ] correspondsto o — 1° Scale

0.02 0.04 0.06 0.08 0.1%

> Using the Lagrange formula
X [0 dt
el ol
one can define the extension of any distribution

(YR AR R et ]
(T, f) = (T, f) — (T,1) by partial integration, 7" is finite

> very easy to implement in Light-Front dynamics

> Direct relation to BPHZ scheme



First applications In
Hadronic Physics

d Two-body Fock space truncation D =u|lDisisl2

> Equivalent to (resummed) first order perturbation theory

> Anomalous magnetic moment of the electron in QED

exactly

4 Three-body Fock space truncation ) = 1) + [2) + |3)

> Scalar model

> Yukawa model : fermion coupled to two scalar bosons



> Eigenvalue equation

> First results

log [,2/v2]




d Light Front Chiral Effective Field Theory

> A new way to look at chiral perturbation theory

> Based on the Fock expansion of the state vector in terms of the
number of pions, with a consistent expansion of the effective Lagrangian

LN p=2N-1)
L'F D"Ssicia
> N+ 271 : A7 intermediate state automatic

N — p, ”g” coupling also automatic

> NN+ 27 : Correlated 27 exchange to the NN potential
All vertex corrections included

All self-energy corrections also included consistently



Perspectives

d Light-Front dynamics : a very convenient tool to investigate
relativistic bound state systems

> Non-perturbative
> Relativistic many-body physics ( with 3 dim momenta)

> Systematic strategy to improve the approximation (Fock expansion)

A Non-trivial - and very interesting! - physics already at the level
of one fermion and two-bosons

> Convergence properties in the Yukawa model

> New physical insight in chiral effective field theory



