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Abstract

We evaluate the QED coupling in the gradient-flow scheme in three and four space-
time dimensions. Our general result applies to any theory with a U(1) gauge field
coupled to arbitary other fields via arbitrary interactions. As an example. we consider
QED with n; flavors in three and four space-time dimensions and evaluate the cor-
responding 3 functions. In four dimensions, we find that the perturbative expansion
of the 3 function behaves much better than the corresponding expression in QCD. In
three dimensions, we recover both the ultraviolet as well as the infrared fixed points
of the QED coupling in the large-n; limit.,
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Gradient-flow scheme

- See GF as regularization scheme:

=% No flowed gluon renormalization
=% No operator mixing

[LUscher’10; Luscher, Weisz “11]
Art?
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QGF (t) = 3

- Define GF coupling:

- Current status:

perturbation theory

acr(t) = ass g +es(t)ad + ...
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Perturbative gradient flow [LUscher ’10; Liischer, Weisz “11]
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Guu(t) — auBu - 81/Bu + 90 [B/u Bl/] 3



Drawn with FeynGame

Perturbative gradient flow [Liischer '10; Liischer, Weisz ‘11] —_—

£flow — ﬁQCD + /dt

Guu(t) — auBu - 81/Bu + 90 [B;u Bl/] 3



Perturbative gradient flow
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Perturbative gradient flow

[LUscher ’10; Luscher, Weisz “11]

0

ﬁflow = [:QCD + /dt [LMaB# — LM'DVGU”]

Possible at 4-loop?
~ 5.500 Diagrams

~ 500.000 Integrals
- Computational heavy

- In progress
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Digression: ftint
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Perturbative gradient flow

ﬁflow = Locp + /dt [LﬂaBﬂ— LMDBu]

—

0

Simpler Coupling: QED

- F, is linear in B,

- No flow-vertices
= No photon flow-lines

- Solution to flow-equation is exact

Fou(t) = 0,B, — 8,,BMM6



QED coupling in the gradient flow
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QED coupling in the gradient flow / Photon polarization )
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QED coupling in the gradient flow

de
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First example: QED, contr.
— Photon polarization function known through N*LO
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QED in (2+1) dimensions
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GF-coupling in QED;

* Ingredient: Photon polarization function I1(p) ©

2 3
Ig(p) = 1 Qe + ¢ Qe + c3 Qe 4o - Highly unstable in the IR!!
p P p - a, NO viable expansion parameter

Large—n;:

Qe 1 - IR-softened
IR (p) = do (5) [1 + dln—f + .. ] J - Non-trivial IR fixed point

[Appelquist, Bowick, Karabali, Wijewardhana ‘86]

[Gusynin, Hams, Reenders ‘01]
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Large-n; expansion
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Large-n; expansion

For more details: [Gracey ‘18] & [Metayer, Teber 23]
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Large-n; expansion

For more details: [Gracey ‘18] & [Metayer, Teber 23]
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Large-n; expansion

For more details: [Gracey ‘18] & [Metayer, Teber 23]

Qe TN 184 1
HR(p):(?)hf with hf—2f|:1—|—<9ﬂ_2—2)nf—|—...]

« Polarization function is IR-softened [Gusynin, Hams, Reenders "01]

- Define rescaled dimensionless coupling: Qe ~ hfoze\/f
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Results for QED;
[&SF(t) — G {1 — G + gaz — ga3e‘2“2 [F (0 _Za ) + /il (— —3@2)] }]

13



Results for QED;

Ge' (1) = e {1 — O + %&g - Eége_%&g [T (0 —Zoz ) + /mil (— ——a2)] }

A

13



Results for QED;

A

13



a

Results for QED;
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Summary & Conclusion

QED gradient-flow coupling can be expressed in
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Summary & Conclusion

QED gradient-flow coupling can be expressed in
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