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Global Symmetries of Staggered Fermions

Example 1: 4-D, SU(2), fermions in fundamental representation

Lt=g* B =30, 1600 configurations L= 84, =100, 1600 configurations L= 8{, f =300, 1600 configurations
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» Bruckmann, Keppeler, Panero, Wettig (2008)

» [ — oo: splitting of spectrum into three scales (plateaux,
clusters, level spacing)

= gtatistics on scale of plateaux and clusters: Poisson
= statistics on scale of level spacing: YGSE
» continuum statistics: YGOE!



Global Symmetries of Staggered Fermions

Example 2: 3-D, SU(3), fermions in fundamental representation

Lattice QCD
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» Bialas, Burda, Petersson (2010)



Do we have a transmon
of global symmetries?

The mechanism of such a transition?



Do we have a transmon
of global symmetries?

The mechanism of such a transition?

RMT may help to solve the puzzle!



RMT-applicable Regime: The «-regime of QCD

» infrared limit of QCD
» large Compton wavelength of Mesons >> box size V1/4 = |
» lattice volume (space-time volume) V — oo

Saddlepoint approximation:
» spontaneous breaking of chiral symmetry

+

Integration over all kinetic modes
(important for applicability of RMT)

Y
>
xLagrangian: £(U) = 7Vtr M(U + U') + Leorrection(V, &, U)



Why 2-D?

» exhibits the same effect in a simpler setting



Why 2-D?
exhibits the same effect in a simpler setting
Coleman—Mermin-Wagner theorem?

well-known (but still puzzling) effect of spontaneous
breaking of chiral symmetry for quenched 2-D QCD
(eg. Damgaard, Heller, Narayana, Svetitsky (2005,
Schwinger-model))

our guess: integration over all kinetic modes + still small
lattice volume V (=~ 102)
(maybe logarithmic divergent in V)



General RMT model: D — [ o W ]
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Artificial chiral structure
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Reasons:

other dimensions = other global symmetries

(Dedonghe, Frey, Imbo, 2012)
+

Artificial symmetry: 5T, [§ =

= change of global symmetries



Let us do some simulations!
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Comparison: Lattice Data <+ RMT
2-D & Two colors (SU(2)) & fundamental representation (v — U,v)
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Comparison: Lattice Data «+» RMT
2-D & Three colors (SU(3)) & adjoint representation (v — U,v Ulf)
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Comparison: Lattice Data <> RMT
2-D & Three colors (SU(3)) & fundamental representation (v — U,)
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What is with the action?

Sym — Wilson action: S = 5(3)Ztr TMT,,Tf I
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Competition between

» Haar measure of U,(x) » Wilson action: e®

» strong coupling limit: 3 — 0 «— » weak coupling limit: 3 — oo
» independent T, = path independence: T, T, = T, T,




What is happening?

strong coupling weak coupling

independent 7, T.T,=T,T,
How does the symmetry of Dy,, change?



What is happening?

strong coupling weak coupling

independent 7, T.T,=T,T,

How does the symmetry of Dy,, change?

RMT-Model by Osborn (2004/2011), fundamental 4-D staggered
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Is there a simpler model?
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Achieved:

identification of important symmetries and matrix blocks
classification of the naive Dirac-operator

mechanism of getting the wrong global symmetries as
continuum QCD

Our goal!

construction of tractable RMT models (recall the model by
Bialas, Burda, Petersson (2010))

restriction of low energy constants

understanding of mechanism when changing global
symmetries

(interplay of Haar measure of gauge group and Wilson
action)



Stay tuned for upcoming battles!
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