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Lattice vs. Phenomenology

Lattice Phenomenology
> Euclidean short > Minkowski scattering /
distance observables decays
- no hadronization - hadronization corrections

- duality violations

> Input from low energy > Input from high energy
- tiny exp. uncertainties - often limits precision
» Often difficult PT » Often high order PT
> Limiting:
QED effects
(heavy quarks)
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FLAG review

> Review of lattice results + Renomalizationscale 7 = 1/1 small, & small

Y all points relevant in the analysis have aer < 0.2
O all points have o < 0.4 and at least one oer < 0.25

> Averages / Ranges for " ofherwise
interesting quantities e Perturbative behaviour 72 = loop order: high

* verified over a range of a factor 4 change in ot} with-
out power corrections or alternatively ag’f]f = 0.01 is

» (g since FLAG 2013

O agreement with perturbation theory over a range of a

wWorki Nng group factor 2.25 in o, possibly fitting with power correc-
. tions or alternatively ozgtlf = 0.02 is reached
Tetsuya Onogl ® otherwise latti . 11
Roger Horsley atllCe spaclng Simnall:
RS e Continuum extrapolation a<r, au<< 1

At a reference point of aeff = 0.3 (or less) we require

Y three lattice spacings with ua < 1/2 and full O(a)

. . . improvement, or three lattice spacings with ua < 1/4

> Qu al Ity Crlte rla and 2-loop O(a) improvement, or na < 1/8 and 1-
loop O(a) improvement

O three lattice spacings with ua < 1.5 reaching down

to nwa = 1 and full O(a) improvement, or three lattice

spacings with ua < 1/4 and one-loop O(a) improve-
ment

m otherwise
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FLAG review + my illustration

Challenge

@ @ large volume:
a>0.04 fm
s (1) @
0.5 a i [— a=0.04fm|
0.4
L
<03 . e
S aa -~ continuum limit
3
0.2+
0.1F . .
e s s s s e e e ettt ettt ety Contlnuum Ilmlt’)
% 0.1 0.2 0.3 , 04 0.5 0.6
2 2 2 2
@n) woa- ~ [ /Acut

e Renormalization scale 77 = ]./ v Small, g small

Y all points relevant in the analysis have aer < 0.2
O all points have o < 0.4 and at least one oer < 0.25
B otherwise

e Perturbative behaviour 7] = lOOp Order: hlgh

* verified over a range of a factor 4 change in ot} with-
out power corrections or alternatively agflf = 0.01 is
reached

O agreement with perturbation theory over a range of a
factor 2.25 in ozf:%f possibly fitting with power correc-
tions or alternatively ozz,}f = 0.02 is reached

® otherwise . .
lattice spacing small:

e Continuum extrapolation a<<r, au <1
At a reference point of o = 0.3 (or less) we require

Y three lattice spacings with ua < 1/2 and full O(a)
improvement, or three lattice spacings with ua < 1/4
and 2-loop O(a) improvement, or na < 1/8 and 1-
loop O(a) improvement

O three lattice spacings with ua < 1.5 reaching down
to nwa = 1 and full O(a) improvement, or three lattice
spacings with ua < 1/4 and one-loop O(a) improve-
ment

® otherwise
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FLAG review + my illustration

Cha”enge e Renormalization scale 77 — 1/Iu SIIlaH7 g small

Y all points relevant in the analysis have aer < 0.2
O all points have o < 0.4 and at least one oer < 0.25

@ @ large volume: m otherwise
a>0.04 fm
a_ L]
s () @ 1 e Perturbative behaviour 7] = lOOp order: hlgh
0.5+ a [— a=0.04ff
* verified over a range of a factor 4 change in ot} with-
047 L out power corrections or alternatively ag’flf = 0.01 is
<0.3f : - reached
s | T continuum limit O agreement with perturbation theory over a range of a
0.2 factor 2.25 in oz(':%f possibly fitting with power correc-
tions or alternatively ozg,}f = 0.02 is reached
o1 i imit? ® otherwise
e s s s s e e e ettt ettt ety ntin m Ilml p . .
. | | | ICO t uul t | lattice spacing small:
0 0.1 0.2 0.3 0.4 0.5 0.6
(a ) /LZ a’ ,u2 / Agut e Continuum extrapolation a4 LTy aff K< 1

At a reference point of o = 0.3 (pheSs) we require

_ Y three lattice spacings#ith ua < 1/2 and full O(a)
Com promise between gOOd improvement ree lattice spacings with ua < 1/4

p O(a) improvement

three lattice spacings with ua < 1.5 reaching down
to nwa = 1 and full O(a) improvement, or three lattice
spacings with ua < 1/4 and one-loop O(a) improve-
ment

physical scale = renormalization s.
and
lattice spacing

m otherwise
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FLAG review + my illustration

F|n|te VO|Ume COUp|IngS (See AR) e Renormalization scale 77 — 1/:“ small, g Small

Y all points relevant in the analysis have aer < 0.2

nNoO Comprom|se |S necessary O all points have aefr < 0.4 and at least one aefr < 0.25

B otherwise

e Perturbative behaviour 7] = lOOp Order: hlgh

[large volume * verified over a range of a factor 4 change in ot} with-
* PACS-CS(2009)S| out power corrections or alternatively ok = 0.01 is

o ALPHA(2016)SF eff

> ALPHA(2016)GF reached
O agreement with perturbation theory over a range of a
take continuum limit factor 2.25 in o, possibly fitting with power correc-
tions or alternatively ozg,}f = 0.02 is reached
® otherwise latti . 11
take continuum limit attice spacing small:
% 0.1 0.2 03 04 05 06 e Continuum extrapolation a<<r, ap << 1
(a)? a? M2 At a reference point of aeff = 0.3 (or less) we require

Y three lattice spacings with ua < 1/2 and full O(a)

. . improvement, or three lattice spacings with ua < 1/4
bUt CO ntlnuum eXtrapOIat|OnS ancll) 2—100p.(;(a)timpr0\tz:menlz, or ia 5t 11;8 and/l—
remain the biggest headaches op Ot@) Improremeny

O three lattice spacings with ua < 1.5 reaching down
to nwa = 1 and full O(a) improvement, or three lattice
spacings with ua < 1/4 and one-loop O(a) improve-
ment

m otherwise
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Different categories (methods)

Reviewed in detail in the FLAG reports

» Step scaling: finite volume couplings, PT at O(100 GeV)

see A. Ramos u=1/L
> Potential: from QQ-potential, see P. Petretzky, A. Vairo u=1/r
> Vacuum polarization:
light quark <J J> correlator, large Q2 u=1/Q
» Wilson loops: RxT Wilson loops, (R,T)=(a,a), (a,2a) small. u = 1/a=1/NAgyt

» Current 2-pt functions:
moments of heavy quark <J J> correlators u=1/M

> Vertex: ghost-gluon vertex etc., fixed gauge u=1/Q

> Eigenvalue distribution: eigenvalue density of Dirac operator for
large eigenvalues u=1/\
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Towards FLAG 2019

FTAG2018 s
L] preliminary FLAG range - 1
A | FLAG 16 range Ilmlted by
v ) : FLAG 13 range
A& PDG 16 non-lattice average
o ==t statistics, continuum
+-| .
2 | PACS-CS 09A ;‘8‘%‘ extrapolation
5 —— Bazavov 14 OXO ~ _
o | Bazavov 12 compromise ap < 1
o) [ Hudspith 18
& H{H JLQCD 10
—— HPQCD 10 _
] = ih alimen o % PT lattice
—_— *
3 — HPQCD 05A effects
: — oo 16
o : |!-—| JHIg)QCD 14A 8%% compromise ap <1
S —— HPQCD 10 OXO
O (— HPQCD 08B
E’, — ETM 13D
= — ETM 12C
> - FM 1o < Small Wloops are special
i , — U — Nakayama 18 perturbation theory at
0.110 0.115 0.120 0.125 ap=1 (non-universal)

|

preliminary FLAG2018 04(5) <(Mz) = 0.11823(81) is quite precise
3




Where does PT apply? Test where A is constant

Aei(a) = A x (1+0(a™)

!

1+ n - loop B-fct



Where does PT apply? Test where A is constant

Aei(a) = A x (1+0(a™)

!

14 n - loop B-fet wasl % ¥VEOBE
_ 0.032 71 % E
S 0.031F ti'e % % ]
S | ][ L5 J 03
(v-dependent schemes) 0.030 .- 1™ *
[M. Dalla Brida et al. 2017] 0.029 -
0 0.005 001  0.015 0.02 0.025  0.03
a*(1/Ly) 4
_ 0.66 — | |
> gg-coupling ﬂ) % }}
pure gauge 0.64 | %/%// ]
< ,
large vol. small a (0.02fm) <€ 0.62 o = 02
[Husung, Koren, Krah, S. 2017] 0.6 Olyq .
x p # 0 step scaling
\ \ \

058 0 0.005 0.01

015 0.02
a needs to be small! .




Personal opinion where we should go

» A good strategy is: divide quantities into

» simple, perturbative, precise, large momentum scale
—> determine a

« more difficult or less precise |
—> test perturbation theory + resummations + ...

» Mainly a sociological problem to put this into practice

» Some Quality criteria also for continuum phenomenology
would be a step forward

e small a

e simple theory

» Lattice (FLAG) quality criteria should become more stringent
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