Testing universality in Lattice gauge theories

Alberto Ramos <alberto.ramos@ific.uv.es> (IFIC CSIC-Universidad de Valencia)

In collaboration with:
o Guilherme Telo

GENERALITAT
VALENCIANA

“CSIC

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

yER




MortivaTion

Frow scALEs SYMANZIK FOR THE GRADIENT FLOW IMPROVEMENT OF THE FLOW TESTING UNIVERSALITY

ConcrLusions

UNIVERSALITY

\.

,{ Symanzik effective theory }

» Any lattice action that we simulate S,y can be described by an effective action

—0
Statt 2 Scont + a252 + ...

» Spectral quantities computed on the lattice have an asymptotic expansion

(O)1ate "R%O) +a2(0S2)c + ...

,{ Questions

» Which Sy, has smaller cutoff effects?
» How to investigate this? [Husung @ Fri]

» Is g small enough? (i.e. can we claim 0.2% precision simulating
a~ 0.05—0.13 fm?)
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UNIVERSALITY

,{ Symanzik effective theory } \

» Any lattice action that we simulate S,y can be described by an effective action
Siatt “~° Scont + 823 + . . -

antities computed on the lattice have an asymptotic expansion
This talk

» Checking that different actions give the same results (after a — 0
extrapolation) is becoming more and more pressing.

» Some points on checks on scaling violations

» Preliminary results on pure gauge

» How to investigate this? [Husung @ Fri]

» Is g small enough? (i.e. can we claim 0.2% precision simulating
a~0.05—-0.13 fm?)
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MOTIVATION

Frow scALEs SYMANZIK FOR THE GRADIENT FLOW IMPROVEMENT OF THE FLOW TESTING UNIVERSALITY

ConcrLusions

Frow

\.

,{ Most natural quantities }

SCALES

» Numerically very precise

» Little systematic (i.e. no signal to noise)

\.

A Two natural candidates |

\

Pt - like scales [Luscher 10]
> [ 03 (te=ty)
t <E(t)>‘f=tc - { 0.5 (tc = tl)
» w - like scales [BMW "10]

d , _ [ 0285 (we=wa
fat <E(t))‘t:w% = { 0.550 (wc = wg

~

r{ NOTE

Weird choice for w - like scales

2
Wy Nt(), ZUB ~t.
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IMPROVEMENT OF THE FLOW TESTING UNIVERSALITY

CoNcLUsIONs

TESTING SCALING WITH FLOW QUANTITIES! THE WRONG WAY

4 Ideal quantity: tgl/tgl }

» We know the continuum limit

» Same game with (wf;l Jwsh)?

!
im = =1
a—0 tgl

» Extremely precise (correlated numerator/denominator)
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TESTING SCALING WITH FLOW QUANTITIES! THE WRONG WAY
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TESTING SCALING WITH FLOW QUANTITIES! THE WRONG WAY
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TESTING SCALING WITH FLOW QUANTITIES! THE WRONG WAY

Wrong conclusions |

|

» Wilson, Iwasaki, LW, DB2 all have similar cutoff effects (see [Husung, Fri]).

» wj - like scales have much smaller cutoff effects
> Violations to 42 scaling are below 8% at a < 0.08 fm for f; - like scales
> Violations to a? scaling are below 1% at a < 0.08 fm for wj - like scales
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TESTING SCALING WITH FLOW QUANTITIES! THE WRONG WAY

Symanzik effective description for flow quantities }

» 2(E(t)) is a non-local observable (i.e. smeared over a distance v/8t)

» Special care to interpret scaling violations of flow quantities
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5D LOCAL FORMULATION [Loscuer, Weisz ‘11]

We can see the theory as a 5d local field theory [Zinn-Justin ‘86, Zinn-Justin, Zwanziger '88]

t
Lagrange multiplier
Sow = I ds 1 dix Ly (x, 1) {8, Bt — DG4, }
/\_/ Sboundary =/ d4xﬁquGﬁy
0 4d space-time
[ STotal = Sflow + Sboundary ]
The important point }

» No loops on the bulk = “Classical theory” at t > 0 ]
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SYMANZIK EFFECTIVE THEORY FOR THE GRADIENT FLOW [A.Ramos, S. SINT "15]
\

,{ Symanzik effective theory has several “parts” ‘ \

54 a—0 54 2 2
Shatt ~ Sont +a°S2p+a SZ,ﬂ + ...

» “Usual” corrections

v

Affects all quantities (i.e. mp,g — 2,tg,...)

» Determined by the action that you simulate (i.e. Iwasaki/Wilson, Domain
Wall/Clover)

> Affects only flow quantities

» Determined by how you integrate the flow equations (i.e. Wilson/Symanzik flow)

\. J

—  Symanzik expansion of a flow quantity O 1200y + a20,

~

(Ot “~*(00) + 4% {(02) + (C0S2.1) + (CoS2,) }
Theory “classical” at t > 0:

Use Zeuthen flow = 5,7 =0
Use Classically improved observables — 0O, =0

Non-perturbative result/all orders
L $/13
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1
UNDERSTANDING tg /td!

,{ Apply Symanzik expansion for g } ~

2
a
B R0t — T {B(E)S20) + BE()S2) + B (ES (1) }

2
a a c
(R0 o= T {B(EC0)S24) + B(E(to)Sa) + (S (10)) |

4 The ratio/difference does not say anything useful |

‘ A

tgl t—>0 1 1
o —  {BE ) - AE o)

» Insensitive to S, j that is the only piece that affects m;,,g —2,. ..
» Only sensitive to something that can be made zero explicitly: Choose

1

Elatt (t) Epl( ) 5 E< (t)

and

EXt(t) =0
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I I

1
UNDERSTANDING tg /td!
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IMPROVEMENT OF THE FLOW [A. Ramos, S. Sint ‘15]

(O)1ate "=°(00) + a% {(02) + (0052) + (OoSa) }

4 The Zeuthen flow: S 5 =0 } N
d a? SV
2V, (x,t =72(1 —D D*) V(% t
a At M(x» ) 80 + 12 r= JVH(X, t) M(xy )
,{ Classically improved observables: O, =0 } N

Elatt(t) _ %Epl(t) _ %Ecl(t)

\. J

,{ Extra required improvement parameter: c,(g3) ‘ N

]

» Shift in the initial condition (similar to 7-shift [Cheng et. al. 14])

Viu(t, x) —_ exp{chg(%@x,usg[ll]}uu(x)

» Tree-level improvement requires CIE’O) (%) = 0. Reasonable range |c;| < 0.03

» If a flow quantity is insensitive to ¢, = “spectral” quantity
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Cp DEPENDENCE

(O)1att "~°(O0) + 2% {{O5F + (0052 + (QaS77T}

LW Action
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| |

Cp DEPENDENCE

(O)1att "~°(O0) + 2% {{O5F + (0052 + (QaS77T}

LW Action
T T T T T T
=+0.03 +——
L72 - cb =0.0 e 7
cp=—0.03 r—e—
1.7 |
’g‘ -
Z 1.68 - |
Q
=2 - '
1.66 + . = - 5
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1.64 |
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Cp DEPENDENCE

> ty-like scales more sensitive to ¢, than w-like scales

,{ Another point of view for the ¢, effect } N

A shift in the initial condition
Vit )| _, = exp{eaglon e U} U (3)
can be understood as a shift at some time t > 0

Vi(t®)| = explegionnSeVIIValt, )

In particular if you use t?(E(t + c,a%)) to determine fo:

e "% - & {Ews +al S| B0}

c, moved to positive flow time: Classical effect, pure a?>-term.  Different c,
Does not give useful information

fo(Cb) t—0 a 2 d
—= R — — <ot E(t
o DR Odt’to ®)
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| |

Cp DEPENDENCE

a ~ 0.08fm
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TESTING UNIVERSALITY

It is difficult

» Changes in flow discretization, comparing tgl and £, comparing (c;) with to
give no information!: Trivial “classical” a?-effects.

LW Action
T T T T
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ConcrLusions

TESTING UNIVERSALITY

r{ It is difficult

» Changes in flow discretization, comparing tgl and £, comparing (c;) with to
give no information!: Trivial “classical” a?-effects.

\.

,{ Viable strategy }

(OMatt “=%(O0) + a% {(O57 + (00S2) + (aS7T}

» Use Zeuthen flow/classically improved observables

» Use ratios # /ty or w3 /w3

» These quantities can be considered “spectral quantities”: Probes of cutoff
effects of your action
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I I

ScALING OF t1 /1

(O)1att "~°(O0) + 2% {{O5F + (0052 + (QaS77T}

Wllsl)n —e—
Lw

Iwasaki +—— §
1.67 - DBW2 +——— § .
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ScALING OF t1 /1

(O)1att "=(0p) + a% { (057 + (00S2.) + (OeS77T}

» Good agreement between at the % level

DBW2

» Very far from asymptotic prediction [Husung, Fri]:

P(a) = P(0) + 2™ [Ala(1/a)] " + Bla(1/a)] 2]
and )
clIwasaki ) cDBW2 ) Iwasaki
cWilson =9 cWilson =16 o |
[ Is g3 small enough? ] T |

1635 161 1682 16H 16i6 L4865 1652
tifto
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I I

SCALING OF wg/wy

(O)1att "~°(O0) + a® {{O5F + (0052 + (QaS77T}
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SCALING OF wg/wy

(O)1att "=°(0p) + a% { (057 + (00S2.) + (OeS77T}

» Reasonable agreement between at the 2% level

» Far from asymptotic prediction [Husung, Fri]: — e

P(a) = P(0) +a*c™ [Ala(1/a)] " + Bla(1/a)] 2]

and )
CIwasakl CDBWZ 16 Ivasaki
cWilson ’ cWilson : ol ]
[ Is g3 small enough? ] T |
Lw
1 —_— B
05 b Bl
Wilson

0 ]
164 1.642 1644 1.646 1.648 1.65 1.652 1.654 1.656 1.658
(wp/wa)?
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CONCLUSIONS

,{ Testing universality /Scaling properties of an action } \

» Flow quantities are ideal, but classical improvement of flow/observables has to
be implemented in order to avoid looking at irrelevant a-clasical effects:
» Use the Zeuthen flow
> Use E(t) = (4/3)EP' — (1/3)EY
» Information taken from comparing EP!, E9, cy, . .. is misleading (only probes
classical a2 effects).

» Testing universality requires simulating different actions

» With classical improvement, flow scales ty, wy are ideal probes, as good as
spectral quantities.

» Preliminary results in pure gauge
» Comparison of Wilson/Iwasaki/LW/DBW2
» Reasonable agreement (1 — 2%)

» More precise data on the way
. v

4 Is g2 small enough to claim sub-percent precision? ‘ N\

]

» Numbers seem off the known asymptotic behavior. (But more data needed)
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