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Evanescent Operators



Evanescent Operators: The Standard Story

▶ Purely four-dimensional objects (γ5, ϵ
µνσρ) are not well-defined in dim-reg

▶ Operators which coincide in d = 4 are no longer linearly dependent

→ Must introduce evanscent operators

E =
(
γµ1γµ2γµ3PL

)
⊗
(
γµ1γµ2γµ3PL

)
− (16− a11ϵ− . . . )

(
γµPL

)
⊗
(
γµPL

)
▶ Rank(ϵ): give finite (local) effects when multiplied by UV poles

▶ Infinitely many ⇒ explicitly subtract finite ZEQ to avoid initial conditions

[Dugan, Grinstein; Phys.Lett.B 256 (1991) 239-244]

[Collins, Renormalization]

[Herrlich, Nierste; 9412375]

[Fuentes-Mart̀ın, et al.; 2211.09144]. . .





Forest Formula (Simplified)

▶ In generic graph, generate both local and non-local UV divergences

▶ Non-local divergences arise only from divergent sub-diagrams

⇒ subtracted by lower-order CT insertions

▶ Remaining local UV divergences can be renormalized

(See talks by Lukas and Achilleas earlier today)



An Inconvenient, but Transparent Approach

▶ Never explicitly reduce algebraic structures appearing in loop graphs

→ Add new structures to Green’s basis

▶ New structures generated in divergent ℓ-loop graphs appear as
sub-structures in ℓ+ n-loop graphs

→ Directly re-inserted as counterterms to cancel subdivergences





A Less Inconvenient Approach

▶ We would like to specify method of reducing structures back to physical basis

S
(ℓ)
i → M

(ℓ)
ij Qj

▶ ℓ-loop counterterms no longer necessarily cancel (ℓ+ n)-loop subdivergences!





A Less Inconvenient Approach

▶ Fix issue by hand: remove bad reductions and re-insert proper structure

(divergent coefficient)× (S
(ℓ)
i −M

(ℓ)
ij Qj)

▶ Exactly an insertion of ZQE × E
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▶ Fix issue by hand: remove bad reductions and re-insert proper structure

(divergent coefficient)× (S
(ℓ)
i −M

(ℓ)
ij Qj)

▶ Exactly an insertion of ZQE × E

▶ Evanescent operators guarantee the cancellation of subdivergences
when inconsistencies arise in algebraic reductions





Evanescent operators don’t cause violations of (iii), but resolve them



Example I: Nested Subdivergences



Example I: Nested Subdivergences

▶ Clear ordering of structure reductions ⇒ can eliminate evanescent op.

(see Marko’s talk for more details)



Example II: Overlapping Subdivergences

▶ Can eliminate evanescent operators by relating O(ϵn) parts of reductions

→ Linear algebra problem: enough degrees of freedom?



Example II: Overlapping Subdivergences

▶ Commit to one reduction

→ only need introduce evanescent for other reductions



Conservation of Trouble

▶ Generic reductions do not preserve gauge invariance [Jegerlehner; 0005255]

▶ Can’t resolve inconsistencies if no evanescent operators introduced

⇒ Traces in NDR still can be problematic if not treated with care

▶ Avoid initial Dirac reductions: worse tensor integal reductions



Summary

▶ Evanescent ops. understood as ensuring cancellation of subdivergences when
using inconsistent reductions of algebraic structures

▶ Smart choices of reductions can greatly reduce the number of evanescent
operators/effects

▶ Not magic: Not eliminating all evanescents, and possible issues still arise

▶ Allows greater flexibility for automation of higher-order RGEs


