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Gribov-Zwanziger Confinement Scenario

B The Gribov-Zwanziger scenario in Landau gauge predicts a
suppressed gluon propagator D(p?) in the IR limit

W In particular, D(0) = 0 implying that reflection positivity is
maximally violated

B This may be viewed as an indication of gluon confinement

B Infinite volume favors configurations on the first Gribov
horizon, where \,,;, of the Faddeev-Popov matrix M goes
to zero

B In turn, G(p?) should be IR enhanced, introducing
long-range effects, related to the color-confinement
mechanism
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Numerical Test of GZ Scenario

Before 2007:
B Gluon propagator is suppressed in the limit p — 0
| ) ., — 0 withthe volume

m On small lattices: could fit D(0) — 0, saw enhanced G(p?)
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Numerical Test of GZ Scenario

Before 2007:

B Gluon propagator is suppressed in the limit p — 0

| ) ., — 0 withthe volume

m On small lattices: could fit D(0) — 0, saw enhanced G(p?)
After 2007

B On very large lattices (L ~ 27 fm) one sees that D(0) > 0

B At the same time G(p?) shows no enhancement in the IR

Consistent with so-called massive solution of Dyson-Schwinger
equations and refined GZ scenario

Not consistent with scaling solution: D ~ (p?)?"~!, G ~ (p?)~ "1
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Expected Behavior atT" # 0

As T'is turned on: Debye screening of color charge

Chromoelectric (respec. chromomagnetic) screening related to
longitudinal (respec. transverse) gluon propagator with pg = 0

= Determine screening masses/lengths from propagators

Problem: gluon propagator is gauge-dependent... but poles are
believed to be gauge-independent
B Expect electric mass to be real (from PT at large T')

B Dimensional reduction (3D Adjoint-Higgs picture): confined
magnetic gluon (nontrivial magnetic mass)

B Ghost propagator should not depend on T
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Petreczky (2001)

Gluons & ghosts near 7,.: Cucchieri, Maas & Mendes (2007), using
small lattices:
B Ghost propagator insensitive to T’

B Transverse gluon decreases as 1" increases (stronger IR
suppression at high T)

B | ongitudinal gluon reaches a plateau for p — 0 at 1" # T,
Shows peak at 7.7

Recently: Fischer, Maas & Muller (2010) confirm above results, use
peaked gluon propagator to construct order parameter; finer I°
resolution, SU(3), moderate-size lattices, masses from D, (0)~!/2

Lattice 2010 Villasimius, June 2010



Masses from Propagators

Of course, even if an exponential fit to the longitudinal gluon
works at high 7" it is not obvious that this should hold at T" = T..

Lattice 2010 Villasimius, June 2010



Masses from Propagators

Of course, even if an exponential fit to the longitudinal gluon
works at high 7" it is not obvious that this should hold at T" = T..

— Consider more general fits

Lattice 2010 Villasimius, June 2010



Masses from Propagators

Of course, even if an exponential fit to the longitudinal gluon
works at high 7" it is not obvious that this should hold at T" = T..

— Consider more general fits

At T'= 0 momentum-space propagator is well fitted by a
Gribov-Stingl form, allowing for complex conjugate poles

1 + dp?"
(p2_|_a)2 + b2

Dyr(p) = C

Lattice 2010 Villasimius, June 2010



Masses from Propagators

Of course, even if an exponential fit to the longitudinal gluon
works at high 7" it is not obvious that this should hold at T" = T..

— Consider more general fits

At T'= 0 momentum-space propagator is well fitted by a
Gribov-Stingl form, allowing for complex conjugate poles

1 + dp?"

D —
L,T(p) C (pg —I—CL)2 4 b2

Poles at masses m? = a + b

Lattice 2010 Villasimius, June 2010



Masses from Propagators

Of course, even if an exponential fit to the longitudinal gluon
works at high 7" it is not obvious that this should hold at T" = T..

— Consider more general fits

At T'= 0 momentum-space propagator is well fitted by a
Gribov-Stingl form, allowing for complex conjugate poles

1 + dp?"
(p2_|_a)2 + b2

Dyr(p) = C

Poles at masses m? = a +ib = m = mp + im;

Lattice 2010 Villasimius, June 2010



Masses from Propagators

Of course, even if an exponential fit to the longitudinal gluon
works at high 7" it is not obvious that this should hold at T" = T..

— Consider more general fits

At T'= 0 momentum-space propagator is well fitted by a
Gribov-Stingl form, allowing for complex conjugate poles

1 + dp?"
(p2_|_a)2 + b2

Dyr(p) = C

Poles at masses m? = a +ib = m = mp + im;

For longitudinal gluon: expect m; — 0 at high T’

Lattice 2010 Villasimius, June 2010



Masses from Propagators

Of course, even if an exponential fit to the longitudinal gluon
works at high 7" it is not obvious that this should hold at T" = T..

— Consider more general fits

At T'= 0 momentum-space propagator is well fitted by a
Gribov-Stingl form, allowing for complex conjugate poles

1 + dp?"
(p2_|_a)2 + b2

Dyr(p) = C

Poles at masses m? = a +ib = m = mp + im;

For longitudinal gluon: expect m; — 0 at high T’

Note: D(0)~'/2 = /(a2 + b2)/C mixes mp and m; and
depends on the normalization C
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This Work: Parameters

m Pure SU(2) case, standard Wilson action

B Lattice sizes: 483 x 2, 483 x 4, 483 x 8,
963 x 2, 963 x 4, 963 x 8,
1923 x 4

m 5 values:
2.2872, 2.299, 2.313, 2.333, 2.505796

corresponding respectively to

0.968, 1.0, 1.04, 1.1, 1.936 x T,
a.t Nt — 4

B masses extracted from Gribov-Stingl behavior
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This Work: Machine

m 1 master + 8 nodes, each with 2 CPU Intel Xeon
2.40GHz (quadcore, 8 MB cache) and 24 GB of
memory

| total of 72 (x2) cores and 216 GB of memory;
peak performance: about 2 Tflops

m 8 NVIDIA Tesla S1070 boards (500 Series), 960 cores
and 16 GB of memory;
peak performance: 2.8 Tflops in double precision or 33
Tflops In single precision

m InfiniBand 16 Gbits/s, total of 6 Thytes HD
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Results: Transverse Gluon

Transverse gluon propagator at 7., from 3 = 2.299
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Results: Transverse Gluon

Transverse gluon propagator at 27,., from g = 2.299
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Results: Transverse Gluon

Transverse gluon propagator at 27,., from g = 2.299
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Results: Transverse Gluon

Real-space transverse gluon propagator at 7., from G = 2.299
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Results: Longitudinal Gluon

Longitudinal gluon propagator at 7., from g = 2.299
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Results: Longitudinal Gluon

Longitudinal gluon propagator at 7., from g = 2.299

35

48° X 4 —o—
963)(4 —e—

Gribov-Stingl fit:
(a,b) = (0.39,0.1) GeV?

D, (GeV?)

(a,b) = (0.12,0.17) GeV?

oscillating ...

p (GeV)

Lattice 2010 Villasimius, June 2010



Results: Longitudinal Gluon

Longitudinal gluon propagator at 27, from g = 2.299
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Results: Longitudinal Gluon

Real-space longitudinal gluon propagator at 7., from g = 2.299
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Results: Transverse Gluon

Real-space transverse gluon propagator at 7., from G = 2.299
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Results: Longitudinal Gluon

Real-space longitudinal gluon propagator at 27, from G = 2.299
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Results: Longitudinal Gluon

Real-space longitudinal gluon propagator at 27, from G = 2.299
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Conclusions

B Size matters! (inthe IR limit...)
B Ghost propagator is insensitive to the temperature

B Transverse gluon propagator shows confinement; good fits
to Gribov-Stingl form, with comparable real and imaginary
parts of the pole masses

B | ongitudinal gluon propagator: gluon mass is also complex
(imaginary part is smaller at higher 7?)

= Analysis with D,(0)~'/2 masses is not appropriate

B From large-Ilattice results: no plateau for Dy (p)?
up to what 7' is the longitudinal gluon confined?
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