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Near light-cone coordinates
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Motivation

Near light-cone coordinates keep a direct link to equal
time theories

Near light-cone QCD has a nontrivial vacuum which
cannot be neglected even in the light cone limit

Near light-cone coordinates seem to be a promising tool
In order to investigate high energy scattering on the
lattice:

- Nachtmann (Eur.Phys.J.C7:459 ). Meson-meson scattering
amplitude governed by the correlation of two Wegner-Wilson
loops near the light cone
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* Intention: Measure the correlation function of two Wegner-Wilson loops on
the lattice

 Normal way of doing: Go over to Euclidean time
Write the action in terms of links and plaquettes
Sample the path integral by a Monte-Carlo
 Euclidean gluonic Lagrange density
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e a complex action remains

» Possible way out: Hamiltonian formulation
— Sampling of the ground state wavefunctional with guided diffusion
guantum Monte-Carlo
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Continuum Hamiltonian

 Perform Legendre transformation of the Lagrange density for A, =0
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 Then, the Hamiltonian is given by
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« The Hamiltonian shows electro-magnetic duality in the transverse fields

 The Hamiltonian has to be supplemented by Gauss law
(EOM for A):
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The lattice Hamiltonian

 Derivation of the lattice Hamiltonian from the path integral formulation with
the transfer matrix-method (Creutz Phys. Rev. D 15, 1128):

» Observation: Lattice action connects only two time slices
—>Path Integral factorizes in time (transfer matrix: Evolve system from
one time slice into the other)
—>Connection to the Hamiltonian

» Define Hilbert space

 Write transfer matrix as operator
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 Lattice Hamiltonian;

 Naive continuum limit = Continuum Hamiltonian is obtained.
 Problem:

* Dominant part is similar to a particle coupled to a vector potential in
ordinary QM

 Guided QMC is not applicable: Local energy

E.(U) =HKY)

Is complex (branching process) —> large fluctuations once again

e —> variational optimization of the ground state wavefunctional
- Try to solve the dominant part analytically as good as possible
- Variationally optimize the full Hamiltonian with respect to the total
energy
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Single site solution
of the dominant part

« Dominant part of the single site Hamiltonian:
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* polar representation of SU(2)
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» Hamilton operator in terms of the SU(2) parameters:
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« Schrodinger equation in
HoWU(B,) = e¥(B,)

» Ground state wavefunctional
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—> Single plaquette Hamiltonian is unitarily equivalent to a free particle

But: Product Ansatz
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Solution of the discrete non-compact
Hamiltonian in d_A(X)=C gauge

« Discrete non compact Hamiltonian for A (X) = A®(%,)A°
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* Mode expansion of the fields in longitudinal direction:
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e Lattice derivative
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» Perform a transformation of Bogolubov type
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* Is only a functional of the operator
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» Then, the Hamiltonian is given by

77 1
Ho = _Z Z ““'{‘1—}(B;T“1‘—_.fL)Bl(f{—_.?L}—I— )

', ,I” IJ_.]I

* Ground state

B‘(q‘ .,J_}"LIJ”,:

) ZZZF @ ()9 (z, &) E (¥)

—p—vlp

k ab Z.x

lL____!iq_ (x_—x") r’)”3 ;]hj l -.
, | wlqg—) |

.)U hl,_,{_,‘( (i‘ i'[_?tf‘abB “—13_ (: tFJ_ ::. \ 5
W ‘a_ ,.:' |u — ngli {..:.E..‘-J_)‘]

+(£*%%)?sign(q_)

* Invariant under residual gauge transformations
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Conclusions:

« Near light cone coordinates seem to be a promising tool in order to
describe high energy scattering on the lattice (Nachtmann)

« Eucledian path integral as well as Diffusion Quantum Monte Carlo
treatments of the theory are inefficient due to complex phases
during the update process

* We have analytically computed the light-cone ground state wave-
functional in the 9 A = (Qgauge, compatible with periodic boundary
conditions

 This should be a nice starting point in order to perform perturbation
theory in 1
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