SU(3) YANG MILLS THEORY AT SMALL DISTANCES AND FINE LATTICES
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Questions

Open boundary conditions (OBC) and small flow time:

. Y . C oL Non perturbative running into the perturbative regime:
Time translation invariance is destroyed close to open boundaries in time.

We compute the coupling oy from the force F(r) between static quarks for r/ry € [0.11,1.3].
1. How large is the boundary region in YM theory with open boundary conditions?

) . . .. . _ 3. Where is the perturbative region?
Is the extent of the boundary region dominated by discretisation effects or the continuum limit? b 5

Comparison of the non perturbative running aqq (@) with the perturbative running at 4-loop
2. Can the continuum limit and zero flow-time limit be taken with accessible lattices? order perturbation theory in the regime aqq < 0.3
Both limits are required in the correct order for the small flow-time expansion.

_ 4. Determination of the A-parameter. (Asrg with 3% error
OBC as a test case for finite temperature [1]. b (Ays W 0 )

Basics
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x . . . . —>— continuums limi
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where t is the flow time. %
e Can be used to introduce a scale /8ty via [2]: t° (E(t, x))|t:t0 =0.3 . Goo (1) = 372 F(r), Qqq = o/ (4) 05 -
e Small low-time expansion: . .
Action density can be expressed as an asymptotic series |3] e Perturbative running up to 4-loop order |5, 6, 0 ‘ ‘ ‘ ‘ |
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with the trace of the energy-momentum tensor 7),,, and coefficients |1]| ’
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Flow times need to satisfy |[4] @ < v/8t < relevant low energy scales.

Conversion to MS : Agis = Aqq X exp(35/66 — i)

Simulations
—+—a/ro = 0.125
. . . o . ,B a [fm] T/TO Nwl Nﬂow
e Wilson plaquette action with OBC e hybrid overrelaxation (HOR): T ] ~ 05 ’ | —e—a/ro = 0.083
6.0662  0.0834(4 0.42,1.92] 121 511 z
N . : e = 0.062
(For(0,%) = For(T, ) = 0) . . 6.2556  0.0624(4)  [0.31,1.44] 101 361 S a/ro
. 6.5619  0.0411(2) [0.21,1.04] 301 165 i L
SclU] == 23w, Re tr [1 — U] — 8 — 30 overrelaxation sweeps per heat bath 6.7859  0.0312(2) [0.16,1.22] 64 49 —0.5 |
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e large volume L =2fm, 2 <T/L <34 7.1146  0.0206(2)  [0.10,0.64] 64 — t(a/ro)? [sweeps]
7.3600  0.0152(2) [0.07,0.48] 93 — Fig. normalized autocorrelation function of the global
topological charge scales roughly with a?

Open boundaries and small low time Step scaling for large volume and short distances A-parameter of YM theory
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with a € [0.025,0.056] fm | a2 /to | | o ¢ Extrapolation of the A-parameter
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: : /7o - from last three stepscaling ' | |
e Width of boundary region: ‘ P . . | - | steps at 4-loop: 065 | -
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= The boundary peak is a contin- z0//8to
: : . — running described by perturbative 899 function at 4-loop devi-
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. .. 0.9 _ .
e Zero How-time limit = o) at agq = 0.246: | | | |
B e o 07| Erotars = 0.500010)
. . NN 4-loo = (.
— possible with our a € [0.025,0.056] fm S 085} NN 4-loop | PT: In(s)=-— [ 6q§(9) dg A" —Mas e g X %qq, @ =0 0152%2) o
. . = N AT Vu Axis T 0.65 |- -
— accuracy around 10 - 20% with our statistics sl g\t r#0 e E» /i/i/i X .
naive linear extrapolation in t with first, central and last point © ' SN at aqq < 0.22 0.6 =
R JN NP results cross 4-loop PT :
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Tested by excluding one lattice © Conclusions e Comparison to other results
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— stable with respect to a & Open BC allow for simulations at fine lattice spacings: | .
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0(4T) it ' — the boundary region remains large (= 0.8fm) in the continuum 0.54 0.58 0.62 0.66
" limit roAnrs
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