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A tower of EFTS

1 Coop RGES

Jenkins Mancher Trott 2013 Jenkins Marchar Staffer 2017

Fuentes et al 2010 Arbisther et al 2018
on

tree 1 leap matchings 1am

Jenkins Manohar Stoffer 2017 LSMEFT

Delaeus Staffer 2019 NEW
LEFT

Maidnext dim 8 and 2 leap
LGSD XPT

as A an increases dim 8 effects decrease

7 loop becomes more important adding a loop
dominates over

Naively in LEFT to us 1 110
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2 loop RGES are here

old results for 2 loop EFT RGES

Bijhens Colangelo Eiker 1999 functional

Nihei Avafune 1994 diagrammati

more recent

Jenkins Manohar LN Pege's 2023 geometric

Born Fuentes Martin Kuedaraiti Thoman 2024 functional
Aebischer Morell Pesut Virto 2025 reconstruition

LN Staffer 2024 LEFT dim 5 2 leap RGE diagrammati

soon

LN Steffer exp soon LEFT DB 2 leap RGE
diagrammati

LN Steffer exp 2025 LEFT dim 6 2 leap RGE
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Scheme Dependente

Theory with one parameter g g m 9
g bogs b g begt

Now change scheme

g 5 ang a j I g g a g Ban as g5

and lampute RGEof 5

5 3a g 5 3am an g4g miracle bogs b g O g7
D 7 loop RGE is scheme independent but not 3 loop

with many couplings g g A g B gigs g g X g g

j Aig Big 5
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2 loop RGE ingredients

evanescents K E

Using MagCare 0 and graphtheory

22 24 24 2km
2L24 4L 24 ok2L

1 leap RGE 2 leapRHE

where I mhtllite.uaigetE I b in ptyex

Thus we need

1 a known from 1 leap RGE f loop Ms

L 2911171
L k LN Stoffer 2023

21.7 a TL the wart's

Define a scheme



Scheme Dependente HV shame

a
Through L 211101 RGE depends on

11 0s presiription We are t Hooft Veltman HV yr.fm 0

ri.tn o
2 The praise definition of the EFT basis

floblem

physical sector Your 4Fun us YONTYFun

evanesient seater Fjnjv4 5 824 vs Femur Fanny

to ilass I EOM operators FQiXY etc shouldn't matter

13 Renormalization scheme

MS us finite renormalizations compensate evanescents

A

we
do c L Dugan Grinstein 1991

A FuentesMartin KonigPage'sThomsen Wilson 2022

restore chiral symm



Spurion Chiral Symmetry

E g
mass terms violate shival symmetry Y R Unr Yur

mass YR MY_ 4Mt4

It can be restored by promoting parameters to spurious

M URMUT Leg UcLegUK
a

Restores symmetry if it wasn't for

5 04 5,154 ER YR K 4h Friby

spurious symmetry violating terms in intermediate steps

D SB effects are total s absorb in 8L

obtain SCS scheme
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Evanescent operators

E are created during
renormalization Starting with just 0

p
0 E finite

need K E to revermalize theory

But for L and RGE formula we also need

nF p 0 E

Funded

LN Stoffer 2023
g



Families of evanesient Operators

In HUscheme

Operators with explicit jm
E Fib4 E Fjuj4FMY Es Fju4 48m4

Fiert evanescent operators

JMP MPR JMR Jme
E IpJMPTr 4JmR4 IpJMP4 15Jm 14

In NDR stheme

Fierz evanesients

E IpyupTr 5 2m14 148 14 7158m14
Chisholm evanesients

is 5,28 541 47mn24 414 e 142 1 5,8mi
Gauss Bonnet Evanesients
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Our Scheme

Choosing a siheme means

A basis choice

LEFT Laent acn 4,0 LY o d k E

p p p p
d dim 4 dim redundant evanescent

113 renormalization scheme

than.int Lren sen
stiii esEsmanTatory

11 algebraic prescription in D 4 2

HV scheme for 25 fungo
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Our Scheme

The upshot is

Green's functions are free of K and VSB terms

Same for RGES matching relations

proof in appendix Jenkins Manohar LN Page's

E g we find in MS turningoffparkfields

é 4e'nf 48e to Leymet to letMel 22414 tr Lyme t LegMet

Lig 1 9 in 474 Leg leg

And in our scheme

é 4,5h 80e to heyMel to LegMet

j 1 jan she her
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Extraction of UV divergences

Global Renormalitation a Operation level Green's function

12 loop 11 Coop x it log
local

few countertium diagrams gauge variant EOM

checks on fit
Requires hat at 1 loop intluding class 1lb unless

total Renormalitation a Operation level diagram
1 1 12 7

Lotal R Operation R 1 1 I

I it automatiially generated and inserted
must respectIndividual IT subtv diagrams are local Sihem

fewer checks on it
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Extraction of UV divergences

i has leapTaylor Expansion T leaves UV pales unchanged momentum k

Introduction of dummy maes I regulates away IR poles k3 kntke

For UV divergent terms

I
R 1

y
local

R IR poles inTR logsof m

1 12 7

int i int
y

int i int logsof m

Result has tianya.iiyspg.my
eerie
IBP 1k m k m k m

p
Chetyrkin Misiak Muenz 7997 easy

4



Extraction of UV divergences

in deforms theory by DL't m Result doesn't change Oh tautomati

in I must act consistently across terms

For T order compute mass dimension of sub graph

For w̅

act at a presisely defined step of calculation

otherwise dangerous ambiguity in cantillation of k

h
42

1 us
h

42m
1

need prescription for fermion propagators our choice

in Ktml in ikus
112 m 42 m
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Steps in the cellulation

1 Generate diagrams

10k 2 leap diagrams QGraf
1k at dimension five

12 R Operation is subgraphs and CT diagrams Mathematica
137 Apply Feynman Rules

14 Color algebra
151 Dira Algebra Form and

16 Tensor Reduction Symbolica
17 Divel Algebra
187 Evaluation of integrals

19 Absorb 2 Mathematica
110 Field Redefinition
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Conclusions

We define the LEFT in HV including E

We propose a scheme
restoring

Cs and compensating E

We derive the 2 leap RGE of the LEFT in MS and our theme

Results are part of an effort towards NLL accuracy

Alknowledgements

Aneesh Manohar Anders Eller Thomsen Advich Signer

Ben Raje Dominik Stockinger

Next steps

Build into tools

Same for SMEFT
Play with in prescriptions
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Backup



Backup EOM Operators

Consider a toy UCA EFT redundant

Elik m 4 FourFMNY RFI D m 24 54 43

2133 e we JoyDaexp ifd'x generates Green'sfunctions

4 Flat to jfk stky 713
3 0

Field redefinition is just a changeof variables leaves invariant

4 4 E lD m 4 want not

L RTlik m T Flix413 5 m Y

Redundant operator is gone but have weird sources Now

4 4 3

L L RFID m 4 RJ
RJ contributes only at tree level a term QQ IR 5 IR p m

find true loop level results using 2 which has no Eomoperator



Backup R operation in our scheme

R Renormalization Operator in MS

Rf Renormalization Operator in our scheme

Rf 1
x
82 t n 821

82 871 a 8221 1821 8211

R
x
82 2 7 71 finite

F
di agentpart

obtain correction globally from tree level



Scheme Dependente

Theory with one parameter g
g bogs b g begt

Now change scheme

g 5 ang a j I g g a g Ban as g5

and lampute RGEof 5

5 3angg 5 3am an g4g miracle bogs b g O g7
D 7 loop RGE is scheme independent but not 3 loop

with many couplings g g A g B gigs g g X g g

J Aig Big 5

☹



Dimensionality of Operators

Defining 0 in d dimensions

our yay juju jutj
one oñi orii oñi

thanges ki same for e.g

fA GitCampaign versus ft Cincin'sCign

D scheme choice
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Backup The LEFT in HV

dipole operators 3 gluon operators

Leg e omer Fun this

LafABCGiucinpGgcnLuguMNUrFmnth.s
LI FABCEniCipGym

Lng ALEMUTaurGain th 1

i

44operators DL DB 0 44operators DL AB 0

ie eigner eigner lie tiicu Erec

ie eigner Egner ie it comune ironer

23



Backup LEFT Evanescents

full basis 10x larger than physical basis

dimension 4 dimension 5

Kenélider hit key é ip.int

eaky.Fnnfmnhit Kefeipiber his

Kelly écomnerfun h s

power counting

many at dimension six
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Backup Facts about evanesients

1 Coefficients of evanescents can start at tree level

But have in besis KEII 4

me m needs loop or EFT suppression

to have well defined perturbative expansion

2 Evanescents are not C

They have rants E

Double insertion effects on 0 produces not e
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Backup 25 issues

25 Engoghyngsgr is 85,2m 0 in D 4

In D 4

yi.fm 0 cyclility to tr gaggsgoys 0

But in D 4 must find

tr giggsgoys Giengo

spoils analytic continuation

Jegerlehner 2000
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