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EFTs in BSM Physics

The role of EFT matching



Effective field theory

High-energy physics manifests as contact interactions in EFTs
/ UV Physics

‘C(SM EFT(d)) Lg= 4(¢) + Z Z Nd— 4Od k(d))

d=5 k
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Effective field theory

High-energy physics manifests as contact interactions in EFTs
/ UV Physics

L(SM EFT(d)) Ed 4(¢) + Z Z Nd— Od k(d))

d=5 k

m Bottom-—up:

— The use of EFTs allows for a model-comprehensive (“model-independent”)
analysis of deviations from the SM, quantifying possible deviations as an
expansion in E/A

m Top—down:

— Precision computations necessitate the use of EFTs to separate the large
scales introduced in BSM physics and avoid large logs

— Many BSM models result in the same EFT, ensuring that computations are
reusable: you only need to compute once in the EFT
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Top—down EFT workflow
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Top—down EFT workflow
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The repetitive nature of EFT computations calls for automated tools!
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Top—down EFT workflow
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The repetitive nature of EFT computations calls for automated tools!
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The repetitive nature of EFT computations calls for automated tools!
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EFTs beyond tree level

1-loop effects are often the leading contributions from high-scale physics

m FCNCs in the SM
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m In BSM models: dipoles, FCNCs, EW precision, ...
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EFTs beyond tree level

1-loop effects are often the leading contributions from high-scale physics

m FCNCs in the SM
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m In BSM models: dipoles, FCNCs, EW precision, ...
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We better do it right!
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Evanescent Operators

Why can’t QFT just play nice?



EFT from a 2HDM

Example: SM + leptophilic Higgs, ® ~ (1, 2);/5:

LD Lo+ D,dTDHO — M3 0T — (y5L 2,de, +hoc) + ...
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EFT from a 2HDM

Example: SM + leptophilic Higgs, ® ~ (1, 2);/5:

LD Lo+ D,dTDHO — M3 0T — (y5L 2,de, +hoc) + ...
w H l\/ e
? 1 e Eq)

’
\"’<D e/\é
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EFT from a 2HDM

Example: SM + leptophilic Higgs, ® ~ (1, 2);/5:

LD Lo+ D,dTDHO — M3 0T — (y5L 2,de, +hoc) + ...

Vg i >~ —°

Below the scale Mg > vy
Lo D CE3yQy + CELRE

e

But the tree-level operator Rye is not part of the Warsaw basis
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Changing basis in an EFT

In d = 4 dimensions, L+ = Lerr, where

t t t 2 5
Lerr D Cap Qe + Co™ Rie” Rpe = (Lper)(&sts)
r t t t V2 =
Leer D Cou Q2 — 3C2°7 QU Qpe” = (Bovule) (&7 er)
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Changing basis in an EFT

In d = 4 dimensions, L+ = Lerr, where

Lere > CL Q% + CR RIS RISt = (Bye,)(a:t2)

e

~ 1 ~pt t t 7 -
Lerr D CopQaw — 2Ce Que” Qpe™ = (Lovule) By er)

But the 1-loop EFT amplitudes are different!

[Coel” st yE* (a7 00 PrU) g™

i(Aetimaw — Aerisaw) = 64772r2
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Changing basis in an EFT

In d = 4 dimensions, L+ = Lerr, where

Lere > CL Q% + CR RIS RISt = (Bye,)(a:t2)

e

~ 1 ~pt t t 7 -
Lerr D CopQaw — 2Ce Que” Qpe™ = (Lovule) By er)

But the 1-loop EFT amplitudes are different!

[Coel” st yE* (a7 00 PrU) g™

i(Aetimaw — Aerisaw) = 64772r2

For d # 4, there is an levanescent operator:
prst __ 1 yptsr prst prst d—4
Ree - _2QZe + Eee ' Eee 0

Anders Eller Thomsen (U. Basel) Evanescent Operators HEFT 2023 5



Evanescent operators

An evanescent operator E is an operator satisfying

rank(E) =€ %0

Evanescent contributions have long been accounted for in the LEFT (Weak
Effective Hamiltonian). Not so much in BSM context

Buras, Weisz ‘90; Dugan, Grinstein ‘91; Herrlich, Nierste [hep-ph/9412375
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Evanescent operators

An evanescent operator E is an operator satisfying

rank(E) =€ %0
Evanescent contributions have long been accounted for in the LEFT (Weak

Effective Hamiltonian). Not so much in BSM context

The physical contributions from evanescent operators are finite and local

E
Physical projection ~
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Evanescent operators

An evanescent operator E is an operator satisfying

rank(E) =€ %0

Evanescent contributions have long been accounted for in the LEFT (Weak
Effective Hamiltonian). Not so much in BSM context

The physical contributions from evanescent operators are finite and local

E
Physical projection ~

e.g., in the 2HDM example

ts
prst grLye
oo’ = " og

Q% + [many other contributions]
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The physical projector

The physical projector P is defined through a choice of identities:

,id=P
Od = P Od + g’p Od
phys. part / N ev. part

m Reduction of Dirac structures for 4-fermion operators, e.g.,
Ve Compatibility with NDR

(Vv VP ® [y Pl = 4(1 — 2€) (HP) ® [yuR] + EL)

m Fierz identities for 4-fermion operators, e.g.,
(R)®I[A] = _%('YuPL] & [YuPR) + Erierz(Pr, L)
m Other identities involving <5 and/or the Levi-Civita tensor, e.g.,

Euvpo 0™’ = 2i0u,Ys + Efj,"’)
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Evanescence-free schemes

For an EFT Lagrangian £ = §,0? + 7;E', the 1-loop effective action is

Ve 1-loop diagrams, tree-level couplings

r— /(gaouﬁ,ff)mg,n).

- bare couplings
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Evanescence-free schemes

For an EFT Lagrangian £ = §,0? + 7;E', the 1-loop effective action is

Ve 1-loop diagrams, tree-level couplings
r= /(s‘zaoa +ME') +T(g.7).
X

- bare couplings

Scheme MS

5 P:07 | Ga=9gat09a
< Ep: E'| Wi =mi+om,

Phys eff. _ _ Loops involve Ev. couplings!
. 207 (g,
action Pl /Xg +Prg 77)/

What is used in the calculation of physical amplitudes.
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Evanescence-free schemes

For an EFT Lagrangian £ = §,0? + 7;E', the 1-loop effective action is

Ve 1-loop diagrams, tree-level couplings
r= /(aaoa +ME') +T(g.7).
X

- bare couplings

Scheme MS Compensated

& P:0% | g.=9.+69, (92 + Aga) ~'Ags

< Ep: E' | Hi=mi+dm oni i m,

Phys. eff. R = /(_c_)a—l—Aga)Oa

act>i/on Pr /gaO +Prg.m) T a
. +PT(g.m ~ [80,0
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Evanescence-free schemes

For an EFT Lagrangian £ = §,0? + 7;E', the 1-loop effective action is

Ve 1-loop diagrams, tree-level couplings
r= /(aaoa +ME') +T(g.7).
X

- bare couplings

Scheme MS Compensated

& P:0% | g.=9.+69, (92 + Aga) ~'Ags

< Ep: E' | Hi=mi+dm oni i m,

Phys. eff. R = /(_c_)a—l—Aga)Oa

act>i/on Pr /gaO +Prg.m) T a
. +PT(g.m ~ [80,0

The evanescent contribution is defined by

local, finite

C—%
[Agaoa = P[F(g.n) - T(g.0)]
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Evanescence-free schemes

For an EFT Lagrangian £ = §,0? + 7;E', the 1-loop effective action is

Ve 1-loop diagrams, tree-level couplings
r= /(aaoa +ME') +T(g.7).
X

- bare couplings

Scheme MS Compensated
5 P O? ga =0Ja+t 593 (ga + Aga) *:'Aga‘l
< & E'| @i =mi+0m omi +um)
_ (G2 + Ags)O?
aP(E?I/Zn ;ﬁf /gaOa +Pr(g.n) /X _ No ev. couplings in the loops!
x + Pl (g, 0{

The evanescent contribution is defined by

local, finite

C—%
[Agaoa = P[F(g.n) - T(g.0)]
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Evanescence-free schemes

For an EFT Lagrangian £ = §,0? + 7;E', the 1-loop effective action is

Ve 1-loop diagrams, tree-level couplings
r= /(aaoa +ME') +T(g.7).
X

- bare couplings

Scheme MS Compensated Subtracted
5 P:O% | Ga=9a+bg, (ga + Aga) *:'Aga‘: Ja+ Ags
< & E'| @i =mi+0m omi +um) omi
Phys. eff. | [ . - /(?Ja +890)0° /(ga +49,)0°
act>i/on Pr /gaO +Prig.m Yo X
- +P(9.0) +PT(g,0)

The evanescent contribution is defined by

local, finite

C—%
[Agaoa = P[F(g.n) - T(g.0)]
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Evanescence-free schemes

For an EFT Lagrangian £ = §,0? + 7;E', the 1-loop effective action is

3.0° + MiE') +T(g.m).

- bare couplings

Ve 1-loop diagrams, tree-level couplings
r= [
X

Scheme MS Compensated Subtracted
5 P:O% | Ga=9a+bg, (ga + Aga) *:'Aga‘: Ja+ Ags
< & E'| @i =mi+0m omi +um) omi
Phys. eff. | [ . - /(?/a +890)0° /(ga +49,)0°
act>i/on Pr /gaO +Prig.m Yo X
- +P(9.0) +PT(g,0)

The evanescent contribution is defined by

local, finite
/—}%
[89.0° = P [F(.m) - T(9.0)]
Handling evanescent contributions means computing Ag
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RG in evanescent schemes
0 1
£ = GOk

Evanescent counterterms implies evanescent contributions in RG running
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RG in evanescent schemes

0 1
£ ~ 15
€

oo
g’ﬂ 1
< of. »‘\ subtracted
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>
i}
L \
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RG in evanescent schemes

0 1
£ ~ 15
€

s
ooﬂ’\\(\% Q)a&&
¢ -
NE gaX =
< q
&b
£ o subtracted
S scheme
8 &
>
i
. . \
t t ?
t t+dt Inp
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RG in evanescent schemes

0 1
£ 1XE
€

4y .8 subtracted
£ subtracted o - scheme
S scheme Il X
o i
8 S @636
ke X
. . \
t t ?
t t+dt Inp
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RG in evanescent schemes

0 1
£ ~ 15
€

4y .8 subtracted
£ subtracted o - scheme
S scheme Il :
8 & S L oo dt
g X0
. . \
t t >
t t+dt Inp
In the subtracted evanescent scheme 2-loop
dga S 8Aga
=0; =0 +B8i ——
on;

1n=0
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Application to the SMEFT

Reduction to the Warsaw basis




SMEFT at 1-loop order

Generally speaking, there is a finite set of relevant evanescent operators at a
given loop-order:

Eg., (vu - Yu,d)(€y" ---y*£) is irrelevant for 1-loop calculations

For the case of 1-loop SMEFT, we look for the following criteria:
m operators generated by exchange of tree-level NP mediators
m NP mediators of spin 0, 1/2, or 1
m NP Lagrangian with up dim-5 couplings
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SMEFT at 1-loop order

Generally speaking, there is a finite set of relevant evanescent operators at a
given loop-order:

Eg., (vu - Yu,d)(€y" ---y*£) is irrelevant for 1-loop calculations

For the case of 1-loop SMEFT, we look for the following criteria:
m operators generated by exchange of tree-level NP mediators
m NP mediators of spin 0, 1/2, or 1
m NP Lagrangian with up dim-5 couplings

The redundant operators are
i) 23 (+2 BNV) generated by scalar mediators;
ii) none generated by fermion mediators;

iii) 21 (+3 BNV) generated by vector mediators.

Anders Eller Thomsen (U. Basel) Evanescent Operators HEFT 2023 10


https://arxiv.org/abs/1711.10391

SMEFT: redundant scalar-mediated operators

(LR)(RL) & (LR)(LR) (R°R)(RR%)

Ree (Zper)(&ste) Rece (85e.)(asef)
Rou (Zpur)(ﬂset) Rueu (nguﬁr)(ﬂﬁsuét)
Reg (£pdr)(dsty) Roca (dapder)(dpsdse)
Rae (Gver)(8sqr) Recy (éﬁur)(ﬁsef)
R&) (Gour)(Tsqr) Recd (85d-)(dsef)
Rz(ﬁl) (apTAUr)(UsTAqt) Rucd (Uépdﬁr)(JBsUEt)
Red (Gpd;)(dsqe) Ricq (85 dor)(das ufe)
RSZ) (C_IPTAdr)(JsTACIt)
Rauge (Zipur)glj(c_b'set)

(CEL)(LLE) (RER)(LL®)

Rice (prejr)(zjseft) Rucdqqc (ngdﬁr)slj(qﬁisq;jt)
Rgeq (C_loczfp%jr)(c_lﬁjsqgu’t) Ruceeqe (g;er)slj(e_lsqj‘ct)

aa | (GaipQsir) (Tpisq5)e) Baryon number violating
Raee (alcpejr)(zjsqict) Raeqqee Eaﬁvgljgk/(c_l;/p%ir)(5§kselt)
quce (ajcp‘ejr)(zisqj'ct) Rucudee Eaﬁw(ggzpuﬁf)(&iset)
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SMEFT: redundant vector-mediated operators

(CL)(LL) (L°R)(RL®)
RES) (Zp'YuTler)(ZS’Y“Tlet) Rice (ZE’Yuer)(és’Yuef)
RS | (@ouT4a) (@7 T q:) Recu (oyvuur) (By"£5)
RS%S) (dp’Yu"'/TAqr)(aS’Yﬂ”'/TAQt) Recq (ZE’Yudr)(Js’Y“ﬁ)
Rig (B1uar) (Gs7"0) Raceats (57" e) (Aot
Réf,) (e_p'Yuqur)(C_ls’YuT/‘et) Raee (67,§’Yu€r)(és’)'“q§)
(RR)(RR) Rqeu (TapYutsr) (Tps¥* Gart)
RE:?:) (Up"YuTAUr)(L_’s'YMTAUt) ;Cu (ﬁép'yuum)(ﬁas’y“qét)
RW | (@wTAd)(dy"TAd) | Reea (5o Yo ) (dosv" o)
Reu (& Yuur)(Tsv*er) Ri;er (C_lép’Yudﬁr)(gaS’YMQEt)
Red (&y.dr)(dsy er) Baryon number violating
Rfjld) (Tpyudr ) (dsy* ) Raeeqeu 50(675/1(Jép’)’ue/r)(déjs’yuuwt)
RO | (BT d)(dr" T u) | Rucseca | Eaprei(@57ulin)(@5s7" dye)
(EL)(/?R) Raceucq 5aﬁ'ysrj(c7§ip’7uer)(UES'YMC/’YH)
Rege | (vuar)(dsv™er)
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Evaluating the evanescent shifts

We have computed the evanescent shift for all the redundant operators

Linear in m; at dim-6

/AgaO"’ =7P[(g.m) —T(9.0)]
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Evaluating the evanescent shifts

We have computed the evanescent shift for all the redundant operators
/Agaoa = 'P[F(g, 'r)) — f(g, O)] —— Linear in n; at dim-6
X

m Functional calculations with a bespoke version of GZe 72NN

m Evanescent contributions stem from six covariant® trace topologies:

Q Q \Qi From the O(1/¢)
pieces of the loops

. 1

) 1

Dressed with gauge lines
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Matematica interface

Filter: | Redundant  SMEFT Al

st st prst prst 1)prst 8)prst (1)prst (8)prst prst prst prst 1prst st prst prst prst prst
REt RE Ry Revet| RO)eret) Rt RU) et Ry Ry Rny RES REY RTS ORED RLY ORLY

7 tuge  leee a°q

prst  pprst  pprst  phorst pprst prst prst @prst  p18)prst  p@Rprst  plperst  p@prst  p)prst  pE)prst
Reew Bia Ruq Beg Bieage Ru cetg Prggee Bucuare R Ry bt Ry Ry R Ra
prst  pprst  p(Dprst  p(&)prst  pprst | pprst  pprst  pprst pprat ) Wemet) Bl Wrrer) Wemad) e prst prat
RS Ry Ry R Rigge) Riee Ry Rieqg Rgecare Boee Rgew Rl Rig Rpq  Rigggew Tictea Tgeeucq
Operator definition:
Rigie = (L) (diyer)
Reduces to:
Qs ()prst or r or r or prst or o
Qcdg > Qqugd » Qaw > Qap» Qaw» Qua» Qp» Q> Q> Qaw s
prst prst (Dprst (3)prst (prst (3)prst (V)prst (8)prst prst -
Qu" o Qi Qregn » Quegu > Qug 0 Qug 0 Qua 0 Qua’ 5 Q™ Qf

Reduction Identity:

rsi st 1 (Durse
Rt =— ZQ’/”L,, T(o”’ BETQU + /;’1 Yl

+ *Jyyt Qi + QY (Oy'“ va'yi® — ‘Myﬂ‘)

Q " ( WU+ 300 ) + o Q()

fequ

QI 4 2 g O — = u:;%( Qe

1= 1 e
— o Qi — G Y — I,/m s

4
1
- 77/1” yrQ" — yerQumt — fau/,’fQ”
2 i
o~ ADurs A
— T QI - Ny — W Qp

oo

— QU — a QU — SYTT Qs

— 3uyy “Q”‘)
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m 1-loop UV-to-(SM)EFT matching is crucial in BSM phenomenology
m Consistent (SM)EFT computations must account for evanescent contribution
m Evanescent shifts for 1-loop BSM-to-SMEFT matching are now available

m We plane to automate handling of evanescent operators in the public
Matchete package for EFT matching.

https://gitlab.com/matchete/matchete

) FIATCHETE L

(See talk by Julie Pages)
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