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First meeting

Atsushi came looking for me and told me about Gribov copies. We
met roughly once a month and discussed this problem for some
time.
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Axial gauge

Problem

Minimize H(gi ) = Re
∑

i ,µ giUµ(i)gi+µ.

Algorithm

Sweep over sites, choosing gi at each site to minimize H. Iterate
to completion. Play with minimization algorithms: version of
conjugate gradient also possible.

Gribov copies

◮ Does result depend on the ordering of the sweep?

◮ Make initial “large” gauge transformation: Uµ(i) → U ′

µ
(i).

Does the result change?
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Gauge spin-glass

The spin glass connection

H(gi ) =
∑

i ,µ giUµ(i)gi+µ is the Hamiltonian of a spin glass
system (spins in the gauge group) with quenched disorder Uµ(i).
For Z2 gauge theory the usual spin glass—

H =
∑

i ,µ

Jµ(i)si si+µ.

How many minima?

Ground state entropy of spin glass is non-zero. Therefore number
of minima grows as exp(sV ). Related problem: how many
spanning trees on a cubic lattice? Also O[exp(V )]. Questions: in
any gauge, the number of Gribov copies O[exp(V )]? Is
thermodynamics self-averaging?
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One specific problem

Local obstructions

Make random local large gauge transformations. Some
transformations are irrelevant: the final gauge fixed configuration
is the same. But some local transformations lead to quite different
gauge fixed link configuration. Is there a gauge-invariant local
property which says where the Gribov copy diverge from? Went
from U(1) to Z2 to investigate this, but did not reach a conclusion.

Genetic algorithm

However, followed up this idea to write a genetic algorithms for
Landau gauge fixing and locating minimum of minima. Local
information incorporated into the genetic algorithm through
partitioning of the lattice. Claimed to be “fast” but no information
on speeds recorded.
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Hadron masses at finite density

Parametrize the correlation function

C (r) = A cosh[m(r − L/2)],

then take derivative of each side with chemical potential. Very

interesting question

See also Kogut, Lombardo and Sinclair, Phys. Rev. D 51 (1995) 1282.
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Quenched QCD at finite µ3

Wilson action; β = 5.8941 (ie, a = 1/6Tc). Heavy quenched
staggered quarks: mπa = 0.990 (4) and mρa = 1.330 (7);
mpa = 1.59(5).
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Tremendous slowing down of CG near critical µ3: zero modes of
Dirac operator.
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Correlation functions
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Temporal correlators of uγu not symmetric in t ↔ −t: hence not
eigenstate of transfer matrix.
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Transfer matrix eigenstates

Symmetries at µ3 = 0

Spatial ⊗ SU(2). Spatial part includes isometries of the lattice:
t ↔ −t is one part of this. Hence uγu and dγd are both
eigenstates. Pure flavour correlators go as

C (t) ≃ e
mt + e

−mt .

Symmetries at µ3 6= 0

SU(2) part broken; t ↔ −t broken. Combination of the two
remains invariant. Hence pure flavour correlators go as

C (t) ≃ e
mt + e

−m′t ,

but linear combination of flavours is symmetric under t ↔ −t.
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Eigenstates of the transfer matrix

1e-07

1e-06

1e-05

0.0001

0.001

0 2 4 6 8 10 12

C
(z

)

z

pi_0 pi_- sigma_0 pi_+

SG, hep-lat/0202005
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Physical masses
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Some photos from Mumbai
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