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Moments of parton densities

<h(p) ‘ @{//tl"'ﬂn} ‘ h(p)> ~ pﬂl... pﬂn <Xn_1>
4. — = pg
@ﬂl"'ﬂn ~ | d xy(x) ymDm“‘Dﬂn w(x)

D,=0,+igA,

oroblem: Lattice breaks Lorentz symmetry
— mixing with Lorentz violating operators

— highly complicated a — 0 limit

Martinelli, Sachrajda '87, ‘88

— only results up to (x3) avallable
Alexandrou et al. '20, ‘21
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Gradient flow as cutoff
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Gradient flow as cutoff
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<>

0 d*x (x)y, D, D
prepy, ~ |G XD 1y, Dy Dy pi(x)
D,=0,+igA,

IN @ﬂl,,,ﬂn, remove high-momentum modes p2 > 1/t
w(x) — y(x,1)
Aﬂ(x) —> Bﬂ(x, f)

IN a gauge and Lorentz invariant way

— continuum limit can be taken, result depends on UV cutoft 1
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Gradient flow as cutoff

H

Wi
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Gradient flow as cutoff
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Gradient flow as cutoff

~——_— not Lorentz invariant!

Bﬂ(x, 1) = Jd4k eikxe_tkzﬁﬂ(k) — not gauge invariant!
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0B,(x.n=[1B,(x.,t)) —  0Bx)=DMG, (x,) AT wFEELD
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Gradient flow as cutoff
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Gradient flow as cutoff

B P (x, _ =1 adke™ 1 F=="""" Not ’ invariant!

B,(x,1) = Jd4k eikxe_tkzﬁﬂ(k) — not gauge invariant!
)
JB,(x,1)=[]B,x 1) — 0,B,(x,1) =D/ G, (x,1)
B,(x,0) = A,(x) G, (x,1) ~ D7), D,(1)]

D,()=o9,+1ig|B,(x,1), ]

analogously:
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Short flow time expansion

Luscher ‘14

@n(t) = Z Cnm(t) @m T t( ) Suzuki ‘15
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Short flow time expansion

Luscher ‘14

@n(t) = Z gnm(t) @m T t( ) Suzuki ‘15

higher-dimensional operators — neglect

(P Oy |HD)) = ) Gud @) CR(P) | O,y (D[ A(D))
" /\ /\ lattice

actually: p@gﬁtheory
A(‘_CN:D“
I}l{m(t’ /’t) — Z an(t)Zk_nf}
k
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Meson mixing
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The perturbative toolbox

[For details, see: Artz, RH, Lange, Neumann, Prausa 2019]

diagram generation: gsraf  Nogueira 1993

diagram analyzation: ge/exp RH, Seidensticker, Steinhauser 1997
— tapir/exp Gerlach, Herren, Lang 2022

algebraic manipulations: FORM Vermaseren 2000, ...

reduction to masters: Kira, ® FireFly Usovitsch, Uwer, Maierhtfer 2017

Chetyrkin, Tkachov 1981
Laporta 2000

@ Klappert, Klein, Lange 2019
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Application to QED
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Application to QEDs
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The GF scheme
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Application to gravity

gravity

0
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renormalon-free OPES
guark masses, strong coupling, ...

Full potential not yet fully explored (I think...)

Many things not even discussed:
Static QCD potential, EDMs, ...
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