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Outline of the talk

» Evanescent operators : definitions, prescription & scheme

» The shift paradigm:

- One-Loop Fierz Identities ([2208.10513 : J.Aebischer & M.P]),
- Dipole Operators in Fierz Identities ([2211.01379 : J.Aebischer, M.P, Z.Polonsky])

» Shift paradigm in the context of change of bases of NLO ADMs:

- Renormalization Scheme Factorization of one-loop Fierz Identities ([2306.16449 : J.Aebischer, M.P, Z.Polonsky])

Plenty of Literature on ev. ops. / scheme /y5/ LO and NLO ADMS & operator bases:

Buras & Weisz (1990)], [Buras, Misiak, Urban (2000)], [Jenkins, Manohar, Stoffer (2018)], [Dugan & Grinstein (1991)], [Herrlich & Nierste (1995)],
Aebischer, Bobeth, Buras, Kumar (2020-2021)], [Bélusca-Maito, llakovac, Mador-Bozinovi¢, Stockinger (2020)], ['t Hooft and Veltman (1972)],
Buras & Girrbach (2012)], [Chetyrkin, Misiak, Munz (1998)], [Dekens & Stoffer (2019)], [Grzadkowski, Iskrzynski, Misiak (2010)]...
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General Context

Consider a set of physical operators {Q}, and compute one-loop matrix elements (Q)(l) :

> Dirac Structure {£} . In d=4, they map back to the physical basis :

&= FiQ
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General Context

Consider a set of physical operators {@}, and compute one-loop matrix elements (Q)) :

> Dirac Structure {£} . In d=4, they map back to the physical basis :

&= FiQ

# In dim. reg (d=4-2¢), no unambiguous way to continue Dirac Algebra !

[Talks by Stoffer, Stockinger & Wilsch]
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Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),
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Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),

» introduce Evanescent Operators for the structures that cannot be reduced with the prescription:

[Z.Polonsky’s talk]
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Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),

» introduce Evanescent Operators for the structures that cannot be reduced with the prescription:

E=&—FQ F:.F:L—FZERUTL
| n=1 T

The d=4 part is fixed.

Constants fix the scheme dependence.
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Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),

» introduce Evanescent Operators for the structures that cannot be reduced with the prescription:

E=&—FQ F:.F:L—FZERUTL
| n=1 T

# E ‘d 4= () The d=4 part is fixed.

= (E) #0 '

Constants fix the scheme dependence.

L) Finite pieces to be taken into account

Marko Pesut — Mainz 2023 9



One-Loop Fierz Identities [2208.10513]

> Evanescent operators : definitions, prescription & scheme v/

» The shift paradigm :

- One-Loop Fierz Identities ([2208.10513 : J.Aebischer & M.P])*

Interpret the finite contributions of the Fierz-Ev. Ops.

as one-loop corrections (shifts) to Fierz identities.

Marko Pesut — Mainz 2023 10 *Four-fermion operators in the LEFT



One-Loop Fierz Identities [2208.10513]

> Evanescent operators : definitions, prescription & scheme v/

» The shift paradigm :

- One-Loop Fierz Identities ([2208.10513 : J.Aebischer & M.P])

Interpret the finite contributions of the Fierz-Ev. Ops.
as one-loop corrections (shifts) to Fierz identities.
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One-Loop Fierz Identities [2208.10513]

> Evanescent operators : definitions, prescription & scheme v/

» The shift paradigm :

- One-Loop Fierz Identities ([2208.10513 : J.Aebischer & M.P])

Interpret the finite contributions of the Fierz-Ev. Ops.

as one-loop corrections (shifts) to Fierz identities.

# Only relates physical operators of the two bases !
- NLO Matching
- Change of bases for ADMs

Marko Pesut — Mainz 2023 12



One-Loop Fierz Identities [2208.10513]

Fierz Identities™ are relations, valid in d=4, between four-fermion operators :

Fio (fivuPx f2) (fs7"Px f1) = (fivaPx f1) (fs7" Px fo)

-
Marko Pesut — Mainz 2023 13 Fierz (1939)



One-Loop Fierz Identities [2208.10513]

Fierz Identities are relations, valid in d=4, between four-fermion operators :

J40 (fl%uPXfQ) (JFS’YMPXfal) — (_1%PXf4) (JFS’Y”PXJFQ)
_ _ _ _ 1 _ _
Fio (howPx ) (Fso" Pxf) = =6 (APx 1) (fsPxf) + 5 (FowPx i) (o™ Px 1)
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One-Loop Fierz Identities [2208.10513]

Fierz Identities are relations, valid in d=4, between four-fermion operators :

J40 (fl%uPXfQ) (JFS’YMPXfél) — (_1’7uPXf4) (JFS’Y”PXJFQ)
_ _ _ _ 1 _ _
Fio (howPx ) (Fso" Pxf) = =6 (APx 1) (fsPxf) + 5 (FowPx i) (o™ Px 1)
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One-Loop Fierz Identities [2208.10513]

These relations do not hold at the loop-level and lead to the introduction of Evanescent Operators.

(YD — (FyoOYY = (EYY) (d =4 — 2¢)
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One-Loop Fierz Identities [2208.10513]

These relations do not hold at the loop-level and lead to the introduction of Evanescent Operators.

(YD — (FyoOYY = (EYY) (d =4 — 2¢)

/(12

o )
43 . . /

\(14
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One-Loop Fierz Identities [2208.10513]

These relations do not hold at the loop-level and lead to the introduction of Evanescent Operators.

(YD — (FyoOYY = (EYY) (d =4 — 2¢)

Xk

(QCD)

At one-loop, finite, local, scheme-dependent shifts are generated !

Marko Pesut — Mainz 2023 18 *Only UV poles need to be computed



One-Loop Fierz Identities [2208.10513]

One-loop QED and QCD shifts to four-fermion ops. in the (generalized) BMU scheme* :

0 — (leAfg) (f_grgf4) with fg — {qﬁﬁ} and FX — {PXj ’)/MPX? J#FP)(_'} X=LorR

*The Greek Method was used to reduce the Dirac Algebra in D-dim :
Tracas & Vlachos (1982),
Marko Pesut — Mainz 2023 19 Buras, Misiak, Urban (2000)



One-Loop Fierz Identities [2208.10513]

Greek ldentities in the (generalized) BMU scheme™ :

(
Y (LE£ %) Y8 @V (L F %) 7™ =41+ bae)y (1 £ 95) @ 1 F %), (A5
(

Y (L E£9) Y218 VY (LT 75) = 16(1 —bse)y, (1 £75) @7 (1 F5) - (A6

VoY (LF ¥5) YY" @ (1 £ 95) = 16(1 — ci€) (1 F95) @ (1 £ 15) (A.7]

Va8V (1 £7) "7 @7 (1F %) = 4(1 — 2bie)y, 1 £ %) @ (1 F75) , (A4 / %
<€

(
(LF7) % ® (1 E£795) YY" =41+ co6) (1 F95) @ (1 £ 75) (A8
(1Fs) VoY @ YA (1 £ y5) = 4(1 — Qt'jiﬁ) :1 Fvs) @ (1E7s5) . (A.9)
SLL

YoYu (L £ 75) Y7 @ (1 £ 5) = 16(1 — cﬁe) (1xXv5) @ (1E5), (A.10)
(1 mE Tﬁ) YT X (1 L 75) ’}’ﬁTH
— (4 — Qd_gt’.) (] T "}“5) X (1 T "}‘5) — O (] T "}*5) ® ot (] T "}’5) : (ﬁ.'”)
(1 £7) Y @777 (1 £95)
— (4 — 2&{7) (l + v5) ® (l + v5) + o (l T "}’5) & ot (l T "}“5) . (A.IZ)

*The Greek Method was used to reduce the Dirac Algebra in D-dim :
Tracas & Vlachos (1982),
Marko Pesut — Mainz 2023 20 Buras, Misiak, Urban (2000)



One-Loop Fierz Identities [2208.10513]

One-loop QED and QCD shifts to four-fermion ops. in the (generalized) BMU scheme :

0 — (](Tlrﬂfg) (f3F3f4) with fg — {ij} and FX — {ij ’)fHPXj JMFP)(_*} X=LorR

Operator Tree-level Fierz
LL QLL LL
th 4243494 th g4q3q2 Ttﬂ 44342

; Sf1f2f3f4 — (flaPAfQ ) (ﬁ?PBff)

Sf1f2f3f4 — (flapAfQ ) (—;?PBff)

Marko Pesut — Mainz 2023 2



One-Loop Fierz Identities [2208.10513]

One-loop QED and QCD shifts to four-fermion ops. in the (generalized) BMU scheme :

0 — (leAfg) (f3F3f4) with fg — {ij} and FX — {ij ’)fHPXj JMFP)(_*} X=LorR

Operator Tree-level Fierz QCD shift QED shift
~ 1 LL
LL 1 gLL 1~ LL N."~q192q93q4 41929394 1 | I.L
SQ1Q2Q3Q4 289'1 414342 STQIQ4CI3Q:; | NE—GTLL L STLL T3 (Q1234 + 2Q1423 + 3Q1324) quqzq:3£;'4
" 8N, 4919293494 8 741929344

<SLL >(1) o <f4 o SLL >(1)

414924344 d14924344 (QED)

(QCD)

Marko Pesut — Mainz 2023 22



One-Loop Fierz Identities [2208.10513]

Example: one-loop matching*

L. =q (7P +T3PR) (@* + h.c.

Fa W

ﬁ‘ D) OgL (Q_PLE) (EPLQ’) + 5%L (Q_O'W,PLE) (gO'pWPLQ)

qllq

Marko Pesut — Mainz 2023 23 *Aebischer, Crivellin, Greub (2019)



One-Loop Fierz Identities [2208.10513]

Example: one-loop matching*

P

,C‘ D) OgL (QPLE) (EPLQ) + é%L (Q_O'M,PLE) (EO'M/PLC])

qllq
The two bases are related

by Fierz Ids !

Ll 002 Cs" (qPLq) ((PLL) + C3" (qoum PrLq) (Co™” PLl)

qql

Marko Pesut — Mainz 2023 24 *Aebischer, Crivellin, Greub (2019)



One-Loop Fierz Identities [2208.10513]

Example: one-loop matching*

P

£| D) CgL (QPLE) (EPLQ) + é%L (Q_O-pyPLE) (EO'MVPLC])

qllq
The two bases are related

B B by Fierz Ids !
Ll e D C5” (qPLq) (CPLL) + C5” (G0, Prq) (o™ PLt)

Operator Tree-level Fierz QCD shift
LL _eQLL 1LL 7—TNZ? QLL ~
quzflfz 68@1«‘3251@ + ETmfzflqz Ne q1q2€142 1 —1 C
LL 1 oLL . 1pLL NZ—1-pLL o ~
S@‘l@'ﬂflfz 28@1«‘5’2«‘?1@2 STthffzflqz 16N, Tt}lﬁ]ﬂflfz - C

Marko Pesut — Mainz 2023



One-Loop Fierz Identities [2208.10513]

Example: one-loop matching*

P

LL [— 0 ~LL (= N
‘C‘qﬁﬁq D OS (QPLg) (EPLQ) + C'T (QJMVPLE) (gO-M/PLQ)
The two bases are related
by Fierz Ids |
L1l /= N L1 /= n
Ll D Cs” (qPLq) ((PLl) + C3" (Gou Prq) (o™ Ppe)
1 1 0 N2-1
Operator Tree-level Fierz QCD shift ( _é 18 ) (771\,02 166Vc )
2 N,
LL LL | LL 7T—TNZ? GLL l l ~
TQ’lqulfz _6SQ1E’251Q2 + §TQ1fzflqz N. Sqlqgé’lffg - as R 1 =T O
LL 1 ¢LL 1 LL N2—1LL _ 1 ~
8@‘1@’25152 _589’15251'?2 o ngfzflf&’z 16 N, ququlfg - 47T - O

#We only related physical operators !

Marko Pesut — Mainz 2023 20



One-Loop Fierz Identities [2208.10513]

Another Example*: basis change

é — Ro(é + WE)

|

Gorbahn BV U**
& al.

*Gorbahn, Jager, Nierste, Trine (2009)
Marko Pesut — Mainz 2023 27 **Buras, Misiak, Urban (2000)



One-Loop Fierz Identities [2208.10513]

Another Example*: basis change

—

Q = Ro(Q + WE)

[Z.Polonsky’s talk]

Change of bases formula for LO and NLO ADMs :

A R, _WZS’O)_ R-1
~ _ 0 0
30 = Ry O R // QQ _ f _
:5/(1) — RO’-Y(l)Ral o _Zgg)a ;5/(0)_ — 26(0) Zglo) These are our shifts :
[Explicit example in Pol’s talk] Rl — —R()WZ(EleO)

Marko Pesut — Mainz 2023 28 *Gorbahn, Jager, Nierste, Trine (2009)



Dipole Operators in Fierz Identities [2211.01379]

> Evanescent operators : definitions, prescription & scheme v/

» The shift paradigm :

- One-Loop Fierz Identities ([2208.10513 : J.Aebischer & M.P]) v/
- Dipole Operators in Fierz Identities ([2211.01379 : J.Aebischer, M.P, Z.Polonsky])*

We reported the shifts of four-fermion operators that

map onto Dipole operators (QED + QCD).

[F.Wilsch’s talk]

*See [Fuentes-Martin, Konig, Pages, Thomsen, Wilsch (2022)]
Marko Pesut — Mainz 2023 29 for dipoles in the SMEFT



Dipole Operators in Fierz Identities [2211.01379]

» Only Penguin contributions to four-fermion operators

q2 q1 %M

open closed

Marko Pesut — Mainz 2023 30



Dipole Operators in Fierz Identities [2211.01379]

» Only Penguin contributions to four-fermion operators

qf ' ’ gf q! ’ ’ q:"

K L

q2 q1 %M

d1

open closed

> One complication*: 1T [’}/M’}/y’)/g’}’p’}ff)] > inconsistent in NDR |

*Only closed penguins with tensors insertions

Marko Pesut — Mainz 2023 31



Dipole Operators in Fierz Identities [2211.01379]

» Only Penguin contributions to four-fermion operators

q2 q1

open closed

> One complication*: 1T [’}/M’}/y’)/g’}’p’}ff)] > inconsistent in NDR |

» Prescription : modified Naive Dimensional Regularization (NDR)** *Only closed penguins with tensors insertions
**Misiak (1993)
**Chetyrkin, Zoller (2012)

Marko Pesut — Mainz 2023 39 Mihaila, Salomon, Steinhauser (2012)



Dipole Operators in Fierz Identities [2211.01379]

» Only Penguin contributions to four-fermion operators

» Prescription : modified Naive Dimensional Regularization (NDR)*

Operator QCD shift QED shift
LR TR R R
VQI‘IBQBQQ mg quzG Aq?:pqmz"r
R o
Vf?ﬁﬁﬁ = (fféVMPAfza) (f?,B’YuPBff) Ap = m Cr
1 1 — L
Dflqu = —mq(ﬁla”*”PBTﬂqz)Gﬁy Dﬁfﬂ - gmf(flgﬂ Pp f2)Fu

S

*Misiak (1993)
*Chetyrkin, Zoller (2012)

Marko Pesut — Mainz 2023 33 Mihaila, Salomon, Steinhauser (2012)



Dipole Operators in Fierz Identities [2211.01379]

Example* : One-loop contributions to the muon magnetic moment in the LEFT

S
~
|

2 2 T ]
q. i aq. H 4/¢ 202q 2
o Aoy e Ler (1) {1 o _2 +51log (_ﬁ) } +al ++ O(L2)

Semileptonic tensor contribution

OQ’éjR — (EiOMVPRGj)(ﬂkO“VPRUl)
t)

*Aebischer, Dekens, Jenkins, Manohar, Sengupta, Stoffer (2021),
Marko Pesut — Mainz 2023 34 *Dekens, Stoffer (2022)



Dipole Operators in Fierz Identities [2211.01379]

Example* : One-loop contributions to the muon magnetic moment in the LEFT

O?';’éjR — (é’iJWPRBj)(ﬂkUWPRul)
]

*Aebischer, Dekens, Jenkins, Manohar, Sengupta, Stoffer (2021),
Marko Pesut — Mainz 2023 35 *Dekens, Stoffer (2022)



Dipole Operators in Fierz Identities [2211.01379]

Example* : One-loop contributions to the muon magnetic moment in the LEFT

OT’RR = (EiO‘MVPRej)(ﬂkO'“VPRul) ‘ d lq

eUu
ijkl
F4 Use NDR + our shifts
to recover the result

lllustration of how Fierz + shifts allow to go to a
simpler basis to compute and convert the result
back into the original basis

*Aebischer, Dekens, Jenkins, Manohar, Sengupta, Stoffer (2021),
Marko Pesut — Mainz 2023 36 *Dekens, Stoffer (2022)



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

> Evanescent operators : definitions, prescription & scheme v/

> The shift paradigm v

» Shift paradigm in the context of change of bases of NLO ADMs:

- Renormalization Scheme Factorization of one-loop Fierz Identities ([2306.16449 : J.Aebischer, M.P, Z.Polonsky])

Marko Pesut — Mainz 2023 37



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

> Evanescent operators : definitions, prescription & scheme v/

> The shift paradigm v

» Shift paradigm in the context of change of bases of NLO ADMs:

- Renormalization Scheme Factorization of one-loop Fierz Identities ([2306.16449 : J.Aebischer, M.P, Z.Polonsky])

® Basis Q, Scheme S ® Basis Q, Scheme S
® Better suited for NLO matching ¢ Easier to compute two-loop ADM
O Q
[Zach’s slides]

Marko Pesut — Mainz 2023 38



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

> Evanescent operators : definitions, prescription & scheme v/

> The shift paradigm v

» Shift paradigm in the context of change of bases of NLO ADMs:

- Renormalization Scheme Factorization of one-loop Fierz Identities ([2306.16449 : J.Aebischer, M.P, Z.Polonsky])

» Shift « method » allows to simultaneously change
basis and scheme in a simple way |

» The double scheme-dependence appearing in the
shifts factorizes.

Marko Pesut — Mainz 2023 39



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Relating two bases with different schemes :

QE;S" = (Ro + A)QE;S
—— T
Scheme &
Prescription

Shifts (« Generalized » Ry )

Marko Pesut — Mainz 2023 40



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Relating two bases with different schemes :

Qi;é‘ = (Ro + A)QE;S
—— T
Scheme &
Prescription

. . Scheme dependence of E
Shifts (« Generalized » /{1 )

A(Q)? = Py ((@S)S

|

Projects the matrix
elements on the Q-basis
using the 2-scheme

The double scheme-dependence

appearing in the shifts factorizes

Marko Pesut — Mainz 2023 41



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Another example™ : basis change
Q = Ry(Q + WE)
Change of bases formula for LO and NLO ADMs :

799 — Ry |WZ0D| Ry
5 B O 0
7 = Ry Ry // - .

;5/(1) = RO’y(l)Ral ZSQO),")/( )| — 25(0)2(1’0) These are our shifts :

Ri = —RWZy,)

Marko Pesut — Mainz 2023 42 *Gorbahn, Jager, Nierste, Trine (2009)



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Another example™ : basis change

F10) — ROfY(O)REl
__ Rof)/(l)Ral _

:)7(1)
‘ >:S
>:S

Marko Pesut — Mainz 2023

—

M(eUQ + (1 + eUW)E)

D — (2o + w2y - 25w ) Ul Ry

J

|

ev-to-ev

*Gorbahn, Jager, Nierste, Trine (2009)
*Chetyrkin, Misiak, Mtinz (1998)
*Gorbahn, Haisch (2005)

*Brod, Gorbahn (2010)



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Another example™ : basis change

P A AN <

M(eUQ + (1 + eUW)E)

Change of bases formula for LO and NLO ADMs :

N

$

D — (2o + w2y - 25w ) Ul Ry
\ J

;10) — ROfY(O)Ral - QG '
;‘)"/(1) — Rofy(l)Ral ZSQO)’ ;‘)’/(O) (1,0) ev-to-ev

# Need to relate ev. ops. of the two bases (M and U matrices)

# Need to compute 1-loop matrix elements ev. ops. *Gorbahn, Jager, Nierste, Trine (2009)
*Chetyrkin, Misiak, Mtinz (1998)

*Gorbahn, Haisch (2005)
Marko Pesut — Mainz 2023 44 *Brod, Gorbahn (2010)




Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Instead : use shifts !

Marko Pesut — Mainz 2023 45



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Instead : use shifts !

# No need to relate anything accross different bases,

# 1-loop matrix elements of physical operators only,

# the shift factorises the schemes : erases S - dependence & restores S - dependence

Marko Pesut — Mainz 2023 46



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

In our paper, we checked :

# The full equivalence®* with the « traditional » method a.k.a Zgg)

*Very soonin V2!
Marko Pesut — Mainz 2023 47



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

In our paper, we checked :

# The full equivalence with the « traditional » method a.k.a Zgg)

# The shift « method » in an explicit example* :

*Brod, Polonsky, and Stamou (2023)
Marko Pesut — Mainz 2023 48



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

In our paper, we checked :

# The full equivalence with the « traditional » method a.k.a Zgg)

# The shift « method » in an explicit example* :

Lra = —V2Gr (C{OF + CLOY + 0, + C304)

T r 1t 1t 1

CP-odd operators: induce electron EDM.
Larin’s scheme [Larin, 1993] (Explicit form in backup slides)
i 4 O
V5 — Ze/ﬂ/paq/ufy f)/pf)/

*Brod, Polonsky, and Stamou (2023)
Marko Pesut — Mainz 2023 49



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

In our paper, we checked :

# The full equivalence with the « traditional » method a.k.a Zgg)

# The shift « method » in an explicit example* :

Lra = —V2Gr (C{OF + CLOY + 0, + C304)

|

E’NDR — _\/§GF (65(53 - ét’@t’ - ét@t - 6:3(5:3)
#Computed** LO and NLO ADMs + Shifts using NDR

*Brod, Polonsky, and Stamou (2023)
Marko Pesut — Mainz 2023 50 **Chetyrkin, Misiak, Munz (1998)



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

In our paper, we checked :

# The full equivalence with the « traditional » method a.k.a Zgg)

# The shift « method » in an explicit example*

Lra = —V2Gr (C{OF + CLOY + 0, + C304)

Fu l ;)7(1) :)7(1) St asf)/(l) L am/(l) v at’)/(l)
Lxpr = —V2GF (éq@ C,0, + C,0, + 6’3(’53) T T T

NDR scheme-dependence

#Computed** LO and NLO ADMs + Shifts using NDR

*Brod, Polonsky, and Stamou (2023)
Marko Pesut — Mainz 2023 51 **Chetyrkin, Misiak, Munz (1998)



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

In our paper, we checked :

# The full equivalence with the « traditional » method a.k.a Zgg)

# The shift « method » in an explicit example* :

Lra = —V2Gr (C{OF + CLOY + 0, + C304)
Explicitely checked the ADMs
Fi l and the scheme factorization
via the shifts A

LNDR = —\/§GF (6'5(’53 + é’t,@t, + é’t@ — 6’3(53) (+ NDR is much simpler...)

#Computed** LO and NLO ADMs + Shifts using NDR

*Brod, Polonsky, and Stamou (2023)
Marko Pesut — Mainz 2023 52 **Chetyrkin, Misiak, Munz (1998)



Conclusion

#Interpreting the Fierz-evanescent contribution as shifts allows to express finite, ev. scheme-
dependent contributions purely in terms of physical operators,

- One-Loop Fierz Identities ([2208.10513 : J.Aebischer & M.P]),
- Dipole Operators in Fierz Identities ([2211.01379 : J.Aebischer, M.P, Z.Polonsky])

#The « shift paradigm » provides a useful and more transparent picture on how to relate different
evanescent schemes and different bases of operators :

» 1-loop matrix elements of physical operators only + no need to relate ev.ops. across bases,
» Scheme factorization

- Renormalization scheme factorization of one-loop Fierz identities ([2306.16449 : J.Aebischer, M.P, Z.Polonsky])

Thank you for your attention !
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Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Lrae = =265 (CLPOT + CLOY + (20, + C405)

Oij — (‘ZE.?;"Q‘T')?;) (z:aj fzif‘*,_.;fgi'}j), O, = %E‘“”‘OU (éaﬁ,ye) (Bcrpgb), O3 = ngzb (éa”‘“e)ﬁw
) | |
1 —1 0 0 ~ (Vg \ " (n)
- O, = | F, ( ) Ao,
0 0 O 1}

JC’NDR — _\/§GF (éb@b é’v @U CtOt 63@3)

~ lr,- B _ B ~ lr,- B _ B
O. =3 {(bzr* s¢) (eb) + (be) (ezﬁﬁb)} .0, = 5 {(bw“ﬁ/ﬁe) (67,.0) — (b e) (ezﬂ/#ﬂ/;b)}
O, :% {(biaw%e) (ea"D) + (bo,.e) (efzia““"yab)} . O3 = ngzb (Ciouyse) FM.
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Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

LNDR — —ﬁGF(é,,@ 5 (5 5 @t + ég@g)

| - _

0. =3 | (birse) (eb) + (Be) (einsh) | . O = 5| (Bin"35¢) (7,D) — (07" (Fiyrsh) |

~ 1 Ty 7 — ~ Q TTp v

O; = ) {(bzaw vs€) (ea’b) + (bo,.e) (Eic” ﬂyﬁb)} . O3 = P (Ciouyse) FM.
(29 25 () (20 0 0) [ 5 —¢ 35 O\ [0 0 0 0)

28 4

st _ 092 0 0 | e _ 00 0 0 amst_ | 75 7 0 0 A 0 0 0 0
8 0 =20 0 | 2.0 —20 22 2 2 —L —= —=- 0
\0 0 0 2 \0 0 0 0/ \ 0 0 0 0/ \ 0 0 0 0/
/00 00) /00 —2 0) [0 000) (00 0 0)

_ 46 '

o[0T 00 i U 26 e A _ | 5500 e |0000
00 00 30 —350 0 000 11-10
\0 0 00/ \0 0 0 0 \ 0 000/ \00 0 0
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Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Relating two bases with different schemes :

= 4 " A\ (0) i =\ (0)
QRs.5 = (Ro + A)Qx:s Fox M <Q> | =M _(F — eX){@) _
Scheme &

Prescription ~

Shifts (« Generalized » Ry )

AG)O = Pos ((Q)%) = (Ro + e2)(Q)s

—~ . T
Projects the matrix O, = Fij n Z ( (X o ) A(_fr_z) Oj
elements on the Q-basis
using the 2-scheme
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Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

» NDR: (St7u7eYodl)(SY Y v d) — (16 — ac)Qsz  (Herrlich, Nierste, 1996)

» Larin:
[(97[»%1’7[” “le)(gy* 41474l q) + (8y!P~ o],m‘%]e)( TSl q)] N
—48(qu -+ Qfe) + 1602 (Brod, Stamou, ZP, 2023)

» HV: (3,546 ¢ )(GAuAr oA qr) (Biihler, Stoffer, 2023)

[Zach’s slides]
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( (1) _
M _ (0 ) © >
- 1) 1 = n
<Q>>:;q - (? 0Q TToa) T 6 @@E) (@) '
=ENOR N0 1)~ ~(1) -1 ~() § 5\(0)
Po.x (<Q>zf{) = (?@@}— 750 T € G562 E?@QF 2+ e @QE]——) (Q)

1-loop amplitudes

— — —
o e

E = K(Q— (F+ EE)@)T or F = I{’(Cj — (F1+e2)Q),

R=F W=F'K' M=-KF'K'! U=KX+KFXF

(1) (1) (151) (1;1) _ (151) —1

(1;1) - (1:1) pr—1 - -—1

(1,0) g (10) - (g50) - . (1;0) - . (1;0)
Lpo = 750 IK?QQ}_Jrh}_?QQ +Ii_7-—?QQ}—

- (1:1) - (L1 v (L15) < (1:1)
— Ii;r@@ >+ h]—"?Q@ >+ EE?Q@ F + Iiz?QQ
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