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( Introduction )

e Nonperturbative studies of gluon and ghost
propagators in the DSE and lattice approaches
move forward in parallel, supporting each other.

e \We are making next steps into the infrared region
(¢ — 0) with computation :
i) of the gluon propagator:

ab __ cab qMQV Zgl(q2)
DY — 5 (%— q2) qg

ii) and of the ghost propagator:

Gab _ sabZgh\q’) gh O<Z< —ik-(z— y) ] >

— defining running couplmg constant and
— needed for verification of the Gribov-
Zwanziger confinement scenario;

e Infrared asymptotic behavior from solution of

Dyson-Schwinger Eqgs. [Alkofer et al. (1997),
Fischer (2006)]

Zan(®) x (¢*)™" and  Zy(q®) x (¢°)*"

with common exponent x ~ 0.595.



[ Gauge fixing: standard approach

)

To fix the Landau gauge we apply to link variables
Uz, € SU(3) a gauge transformation g(x) which
has to maximize the functional

equivalent to 0,4, =0,

not unique: Gribov copies,
search for global maxima -
fundamental modular region (FMR)
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Standard prescription:
1) g(z) taken with periodic b.c.’s,
i) maximize Fyr|g] with overrelaxation (OR) method,

Drawbacks of OR:

1) substantial slowing down of OR convergence
with increasing lattice extension L

ii) its possibilities to find global maximum of Fy|g|
are strongly limited



[ Simulated annealing: the principle

)

(cf. poster of M. Miiller-Preussker)

e Simulated annealing (SA) is a "stochastic
optimization method” allowing quasi-equilibrium
tunnelings through functional barriers, in the
course of a "temperature” T' decrease

e |n principle - with infinitely slow cooling down - it
allows to reach global extrema (contrary to OR,
"tied” to the (initially chosen) local maximum)

e Control parameters at hand:

|) Niterv Tmax and Tmzn

ii) Schedule for temperature steps
T;, 1 =1,..., Njte, can be optimized
(Tl — Tmax; TNz’ter — mzn)

= The larger Njie, the higher the local maxima.
Niter — 00: global maximum.

= Schedule in practice: T},q. = 0.45,T},,:n = 0.01,
Niter = O(5-10% — 15 - 10°) with tiny (larger)
T-steps close to T4, (close to Thuin)-



[ Lattice Faddeev-Popov operator

Lattice Faddeev-Popov (F-P) operator can be written
in terms of the (gauge-fixed) link variables U, , as

ab __ ab ab ~__ vab A
Mxy — E :Aac,,u 5x,y o Ba:,,u 5$+May Cx,,u 590—,“719
m

with
A% = Re Tr [{T°, T} Upp + Us—pi)] »
B = 2-ReTr[T'TU,,|,
Ceb = 2-ReTr [TT°Uy_p )

being the (hermitian)

and 1% a = 1,...,8
3) Lie algebra satisfying

generators of the  su(
Tr [TeT®] = §9°/2.

Ghost propagator oc M ~!: inversion with conjugate
gradient method and plane wave sources.



( Gauge fixing: SA vs. OR

SU (3) ghost propagator for 3 = 5.70.

Typical snapshot of ghost propagator
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= Influence of Gribov copies small for L > 56.



(Ghost propagator: SA results, 5 =5.70 )

Ghost propagator
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= Weak estimator’s dependence on MC configuration.

= Qur results for various L coincide within 1-2
percent, i.e. finite-size effects on ghost propagator
are unexpectedly small, and not agreeing with
finite-volume DSE results (Fischer et al (2007)).

= Linear log-log-fit for infrared exponent: x = 0.06.
strongly differing from DSE result (k = 0.595).

= Further penetration into IR region desirable:
hopefully it will resolve the contradiction.



( Gluon propagator: SA results, 5 =5.70

Gluon propagator
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Flattening is clearly seen.

Convergence to L = oo seems very slow.
Gribov copy effect small

(here Z(3)-flip sectors are still neglected !).
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Conclusions

MC configurations used for computation of
propagators should be well thermalized

Gribov effects are small but still visible for ghost
propagator at L=56, becoming negligible for larger
lattices,in accordance with Zwanziger's prediction.

Finite-size effects are mild for ghost propagator but
distortion of gluon propagator for small momenta
is not excluded, though simulations on L = 72
and L = 80 do no resolve the problem.

Estimator of ghost propagator is weakly dependent
(< 1—2%) on choice of MC configuration, and
statistical errors are pretty small.

Message from ghost: we haven't reach yet the
"deep” infrared region with awaited £ =~ 0.5,
hopefully are near the entrance to it.

We see flattenning of the gluon propagator, but
haven't found numerical evidence of its maximum
yet.
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( Post LATTICE-2007 results

SU(3) Gluon propagator: 3 = 5.70.

Gluon propagator
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= Maximum of Gluon propagator observed !



(Perspectives of Propagators’ Simulation)

e Supercomputers of next generations
e Simulation on asymmetric lattices, N2 x N;
e Nonstandard new approaches are of interest

e New approaches to numerical inversion of

Faddeev-Popov lattice operator are highly
desirable!



