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Motivation

Matching

One-loop level

RGE running

At two-loop level

Basis changes

At one-loop
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@ Origin of Evanescent operators



Example: Fierz transformations

Four-fermion (4F) operators
Osr = FOur

Example
(@7, PLa5 ) (Ge " Pral) = —2(T1 Pras)(dsPLaz)

d=4— 2¢
Osr = FOur + Eo



Evanescent operators

Definition
Eo = O4r — FOur

Evanescent

Eo =*o

Basis
{Ol'v Ei}



Evanescent operators: Complication

E;
Finite contributions from one-loop insertions

Scheme dependence
ADMs and matching

Solution
Interpret finite contributions as one-loop shifts in F



Traditional way

Basis
10, Ei}

Fierz identities
O/ = ]:O/ + E,'

Finite contributions
Resulting from E;



Novel way: One-loop Fierz identities JA/Pesut: 2208.10513

Basis

{0}

Fierz identities
O/ = ]:O, arF %;Zjaj(’)j

One-loop shifts
Expressed in physical basis



Computation

One-loop corrections
LO, LFO

Taking difference
LO — LFO = LE

Finite shifts
ILE = %ﬁ Zi a,-(’),-



Operators

Four-fermion operators
4q, SL, 4l

Dirac structures

vector, scalar, tensor

Colour
singlet and crossed



Four-fermi operators JA/Pesut: 2208.10513

Basis
PY,MPA@’YNPB; PA®PB7 J;LUPA@UMVPA A,B:L,R

Contributions
QCD, QED

General scheme
VYo YpPL ® YHYYYPPL = 4(4 — a1€)7,PL Q Y*P.



Dipole operators JA/Pesut/Polonsky: 2211.01379

Basis
YuPa® VP, Pa®Pg, 0u,Pa®d*’Py AB=LR

Contributions
QCD, QED

Dipoles

1 —_
D:‘731C12G = gmq(ch UWPBTAQZ)GQV

DP,,, = smi(fio" Paly)Fpu,
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LQ matching

Scalar leptoquark
L7 =g (TPP +TEPR) LO* +hc.

Matching
SL operators

QCD corrections

8 n
~ 10 % corrections JA/Crivellin/Greub: 1811.08907



Matching: Example




Issue

Matching: LQ basis

5g5 = (qPal)(¢Pgq)
0% = (G0, Pal) (bt Paq)

Running: SM basis

OéB = (6PAq)(ZPB£)
O} = (o Paq)(£o"” Pal)

Combine results
One-loop Fierz



Basis change

Tree-level Fierz

1 _1
v ()

One-loop Fierz

0 NZ—1
R, — 16N,
i 7—7NZ

Ne

0

)
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Issue: EV-to-physical mixing

Evanescent operators
Needed for mapping to physical basis

EV insertions
generate physical operators

Renormalization
Subtract physical contributions



Prescription method JA/Pesut/Polonsky: 2401.16904

Prescription
(r&) ® (rS/) - C/!;Z(r(’)k) ® (rOZ)

Coefficients
Cit = ait + e bt
af-/‘-é = four-dim. part

b,’-/‘-e = arbitrary

Usage
Iterative application of relations <+ no EV-to-physical mixing



PrOOf JA/Pesut/Polonsky: 2401.16904

Physical Operator Insertion
Q= (M) ®()
= (@) ~ (M) @ (ML) = G(M) @ ()

EV definition

o= (F’I’1F’) (M) — ¢i(M) ® ()

< > (rl/rlr1 rlrl/) ® (rl/r/rzr/r//) o Ci(r/lrirl/) ® (r//rirl/) —
(r'r'rr'ry @ (r'r'ror'r’y — ¢;ci(r;) @ ()

Vanishing mixing

/ — (r/lr/r1 rlr/l) ® (rllrlrzrlr//) . K(rl) ® (rl)
= (B ~ (B + (K — ciC) (M) @ ()
— no mixing if K; = C;C/



Example: Scalar and Tensor 1L insertion

Prescription
(P )@ (nuPL) = (4—2€)(PL)@(PL)+(1+eby ) (0" PL)® (0, PL)

(U}WPL’VOC'Vﬁ) ® ('YﬁVOzU;WPL) =
(48 + ebs)(PL) @ (PL) + (12 + b)) (0" PL) ® (07 PL)



Scalar 2L insertion

More complicated structure

(P 7”@ (V8 YoV VuPL)
= (4 — 2¢)(P.y*7") ® (187 PL)
+ (1 + eb ) (0" Piy*7) @ (0,787aPL)
= (64 — {16 + be + 48by1 }¢) (PL) ® (PL)
+ (16 — {2+ 16by + b }e) (0" PL) ® (0, PL)



Advantages

Conceptually simpler

No insertions/renormalization of EVs

Independent of treatment of s
Can be used in combination with HV

Algorithmic procedure
Automation



Results from literature

Two-Loop QCD ADM for AF = 1 Herrlich/Nierste: hep-ph/9604330
four-quark operators

Two-Loop QCD ADM for AF =2 Herrlich/Nierste: hep-ph/9604330
Double-insertions from AF = 1 operators

Various matching calculations

Fix scheme constants



Outline

® Summary



Summary

Evanescent operators
Shifts in Fierz transformations

EV-free schemes
Prescription method

Simplifications

No EV renormalization, automation
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