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Matching EFTs

The why and the how of it



EFT matching

EFTs are used to interpret experiments and quantify observations

_ = Cpi _
Leer(n) = L7 (mL) + Z ATZOn,f(nL) — UV physics
n=>5
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EFT matching

EFTs are used to interpret experiments and quantify observations
c = L= s Coi g UV physi
err (ML) = (m) + Z An—4 niln)  — physics
n=5

NP models have to be analyzed one by one

Matching
E—

»Cuv('nH- 'r)L) »CEFT(T)L)
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EFT matching

EFTs are used to interpret experiments and quantify observations

_ = Cpi .
Leer(n) = L7 (mL) + Z Won,f(nL) — UV physics

n=5

NP models have to be analyzed one by one

Matchi
Lov(MH, L) ﬂ Lerr (L)
Loop-level matching is required for many processes, e.g., in the SM
W
s b Matching s b
—
b s b 5
b W b
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EFT workflow
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SMEFT Alonso et al.  [1312.2014]
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O‘QSeNa €1 Matching Jenkins, Manohar, Stoffer [1709.04486]
Dekens, Stoffer [1908.05295]

Jenkins, Manohar, Stoffer [1711.05270]
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- Matching

L Jenkins, Manohar, Stoffer [1709.04486]

Cellis et al [1704.04504 o -
Dekens, Stoffer [1908.05295]

Fuentes-Martin et al. [2010.16341]

1

Jenkins, Manohar, Stoffer [1711.05270]

9

+ LEFT

Anders Eller Thomsen (U. Bern) EFT Matching ZPW 2023 2


https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1709.04486
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1711.05270
https://arxiv.org/abs/1804.05033
https://arxiv.org/abs/1704.04504
https://arxiv.org/abs/2010.16341

EFT workflow

E4

Included in codes
wilson and DsixTools

Aebischer, Kumar, Straub [1804.05033
Cellis et al. [1704.04504
Fuentes-| [2010.16341]
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EFT Matching

Recent progress: Matchmak-
ereft and Matchete

Criado [1710.06445]; Das Bakshi et al
Cohen, Lu, Zhang [2012.07851]
[2112.10787]; Fuentes-Martin, Kén
Wilsch [2212.04510]
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EFT workflow

EJ\

Recent progress: Matchmak-
ereft and Matchete

Criado [1710.06445]; Das Bakshi et al. [1808.04403]
Cohen, Lu, Zhang [2012.07851]; Carmor
[2112.10787]; Fuente
Wilsch [2212.04510]

Martin, Kénig, Pages, /

Matching

'_? 2

—+ Matching i
?. 2
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(] — New light states?
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Matching weakly coupled theories

Ex L should reproduce the physics of L, at energies E < A:

Matching

NP

(4

X
e Euv(nH. 77L) EEFT("']L)

CE Matching i

oo 00 C(l)
A Lerr(nL) = Liin(nL) + %O%E(m)
SMEFT |© n;l;@w)%/\ e
T Matching
P,
+ LEFT |©
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Matching weakly coupled theories

Ex Leer should reproduce the physics of L, at energies £ < A:

Matching

\
(4

X
e ﬁuv(nH: 77L) £EFT(?7L)

Lo | |

Cov [ﬁH (m), "7L] ~  Teer[n]

NP

=z Lerr(nL) = Liin(nL) + %O#E(WL)
SMEFT |© ;g(4w)2eA FOL,
T Matching
Y
+ LEFT |©
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Matching weakly coupled theories

Ex Leer should reproduce the physics of L, at energies £ < A:

Matching

NP
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rUv [nH(nL) 7)L = EFT 77L

o oo (Z)
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SMEFT (7I|_) ki (nL)+nZQeZO (4 )Qg/\n 4 n,l(nL)
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Matching weakly coupled theories

Ex Leer should reproduce the physics of L, at energies £ < A:

Matching

NP

54

Lyy (77H 77L Leer (77L

Cm "

rUv [nH(nL) 7)L = EFT 77L

o oo (Z)

Lerr = Liin Z)
SMEFT (7I|_) ki (nL)+nZQeZO (4 )Qg/\n 4 n,l(nL)

R

Advantages of functional matching:

Matching
i m Does not require knowledge of EFT basis

m Well-suited for algorithmic approach

o
- LEFT JG’ m Computations are manifestly gauge covariant
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Separation of scales

Mixed (heavy-light) loop example:

)
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Separation of scales
Mixed (heavy-light) loop example:
p2 ~ /\2

)

\-\ ] d*x L0,

)

Xx~——~

p2 < /\2
Expansion by regions allows for separating scales in dimensional regularization:
Beneke, Smirnov [hep-ph/9711391]; Jantzen [1111.2589]
1) — (1) (1)
|_ |_ + I_U\/ soft

/ N
(Heavy field loops) - (Mixed field loops)
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Separation of scales

Mixed (heavy-light) loop example:

] I—S)\/Lo&: long-distance contributions included in 1-loop matrix elements of
tree-level EFT operators

rS\i soft r(ElF)T
L I'(J&|hard: short-distance contributions going into the EFT operators

d 1) — @
/d X LEFT - I_uv’hard
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Functional matching (abridged)

The theory is expanded around the classical fields, 7:

6Ly, 1 6Ly
L + 0] = Luw[N] + ni nl + snin; n) +
win + 1] o [7] Ni o [7] 5Min;j &m; 6m; [7]
classical piece . R
EOM — 0 fluctuation operator Q[
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Functional matching (abridged)

The theory is expanded around the classical fields, 7:

6Ly, 1 6Ly
L + 0] = Luw[N] + ni nl + snin; n) +
win + 1] o [7] Ni o [7] 5Min;j &m; 6m; [7]
classical piece . R
EOM — 0 fluctuation operator Q[

By saddle point approximation, the effective action is
e/titl = efSUV[ﬁ]/Dn exp(i]ddx SmiQylAlm + ...

— T [f] = Sw[f] + éSTr log Q[#] + ...
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Functional matching (abridged)

The theory is expanded around the classical fields, 7:

6 Lyy 1 6Ly
r Al = £ [ _ R 1. .
win + 1] wlf] + mi o 1] + 5MiT; 57, 6m; (7] +
classical piece . R
EOM — 0 fluctuation operator Q[

By saddle point approximation, the effective action is
e/titl = efSUV[ﬁ]/Dn exp(i]ddx SmiQylAlm + ...
—> Tl = Sulf] + 4STrlog Qlf] + ..
In matching the STr can be expanded around the heavy scale A
Q=AYP, M)=X(P, 7)), N~AT>X

The master formula for 1-loop matching: Cohen, Lu, Zhang [2011.02484]

hard

d 1 i -1
/d X L, = > STrin A .

i 1
- = = STr|(AX)"
52 - ST(ax)]
n=1
Loop integrals evaluated covariantly with CDE
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To make your way through the BSM jungle




Automated EFT matching

Input

Automated matching and running

—_— Define fields Define couplings

T~ \

sym. break
et

A\
AN

Rematching
the ev. pieces g (" Full, phys. scheme:
S

— s

Standard format output

func. derivatives,
CDE, STr

phys. proj.

poles from self-
matching the EFT

Standard format output

J

Fuentes-Martin, Konig
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ges, AET, Wils

EFT Matching

Matchete v0.1 is a
Mathematica package

Matching of any model with
heavy scalars/fermions

Simple and intuitive
input/output

Handles all group theory
Simplifies to EFT basis*
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Automated EFT matching

Input

Automated matching and running

T~

—_— Define fields Define couplings

N

sym. break
et

A\
AN

Standard format output

Rematching
the ev. pieces g (" Full, phys. scheme:
S

— s

func. derivatives,
CDE, STr

phys. proj.

poles from self-
matching the EFT

Standard format output

J

Anders Eller Thomsen (U. Bern)

EFT Matching

m Matchete v0.1 is a
Mathematica package

m Matching of any model with
heavy scalars/fermions

m Simple and intuitive
input/output

m Handles all group theory
m Simplifies to EFT basis*
Future plans:

m Handling of evanescent
contribution

m Symmetry breaking and heavy
vectors

m Interface with EFT tool chain

m 1-loop RG computations
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https://arxiv.org/abs/2212.04510

Simplification and basis reduction

A, G, C C
£=30u0) = 3m*¢ — 570" + 50° + 50070 + 567(0u0)°
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Simplification and basis reduction

A C C C

2 242 1.6 2 1352 3 42 2
£ = 3(0u9) = 2mP¢? = 6" + 24 + 59700 + 5 0%(0,0)
Exact simplification (linear):

IBP, Dirac identities, group identities, commutation relations. . .

3C, - C
2/\2 3(1)362(1)

A C
£=3(0u0)° = 3707 — 226 + 5% + =3
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Simplification and basis reduction

A, G, C C
£=30u0) = 3m*¢ — 570" + 50° + 50070 + 567(0u0)°

Exact simplification (linear):
IBP, Dirac identities, group identities, commutation relations. . .

A C; 3C, — C3
L=3(0u0) = 3m*®® = 70" + 50"+ =55 970
On-shell equivalence (non-linear):
. . 3C—C3 5
Field redefinition: ¢ — ¢+ Td)
A 3C, — C3)m? 18C; — A(3C, - C
£_>%(6“¢)27%m2¢27 7+( 2 3) ¢4+ 1 18(/\22 3)¢6

24 3A?

Matchete contains routines performing both kinds of simplifications
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Example: SM + Vector-like lepton

SM Lagrangian

Infal:= ’ LSM = LoadModel["SH"] |

Define new field

DefineField[EE, Fermion, Charges - {ULY[-1]}, Mass - {Heavy, ME}] |

Inf4]:=
Define new coupling
inis}= | DefineCoupling[yE, EFTOrder -» @, Indices - {Flavor}] |

Write interactions

inlél= | Lint = -yE[p] ~Bar@1l[i, p] «+ PR+ EE[] «H[i] // PlusHc;
Lint // NiceForm

Out[7]//NiceForm=

| ~VEP Ry (EE- P - UP) - yEP H' (T5 - Pr - EE)

Define full UV Lagrangian

In8l:= | LUV = LSM + FreeLag [EE] + Lint;
LUV // NiceForm

0ut[9]//NiceForm=
S i 2 - i GHvA2 _ iww“ +DuHy DHT + 2 Hy H w1 (@D -y, Pr - DLdP) + i (&P -y, Pr-DueP) +
i (EE- v, - D,EE) -ME (EE-EE) +i (T§ - v P - D, U"P) + i (g8 - vu P - D.q*'P) + i (U8 - v, Pg - DuuP) -
%/\F{i Hj HHI - V@' Hy (@0 - P - q®™P) - VeP Hy (@ - PL - UP) - veP" H' (T5 . Pq - ) - VAP HT (g0 - Pg - dF) -

T8 . Py - EE)

YUP" iy (qB - P - u®r) &3 - aPT I (f - P - qP) 4y - YEP By (EE - P - 17P) - yEPHT
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Example: SM + Vector-like lepton

In[10]:= | LEFT = Match[LUV, LoopOrder -» 1, EFTOrder 6] /. e 5 0; |

In[11]:= | LEFTOnShell = LEFT // EOMSimplify;
Lengthe%

--- EOMSimplify: The Lagrangian contains terms of lower power than dimension 4. Defining effective couplings and assuming these terms to be dimension 4.

Use 'PrintEffectiveCouplings' and 'ReplaceEffectiveCouplings' to recover explicit expressions.

» Added new CG cgl with indices {Bar [SU2L[fund]], SU2L[adj], Bar [SU2L[fund]]}

out[12]=

o |

In[13]:= | SelectOperatorClass[LEFTOnShell, {e, Baree, H, Bar@H}, 1] // GreensSimplify // NiceForm |
Out[13]//NiceForm=

i 1 'S

360 Mg2

(-DyuHi H' (€ -y, P -eP) + Hy DH (& -y, Pr-eP))

1+6Log[

[48 gY* &P+ 5 VE® [3yEt Yetr ves? Lz
ME

]J - 2yES gY? [13+6Log[$]}é”’]}
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Example: SM + Vector-like lepton

LEFTOnShell // NiceForm

liceForm=

Y
4

—7ﬁgVZLog[ ‘B‘”Z+D s DL+
a

( q -
chH‘ Z nyEP yEP cHH — [2 CHH - 3 ME2 [LzLog[L] ” Hi M+ i (3D - v, Pg - D,dP) 6°F +
\ 6 ME? ME?

i (€ - vuPr-DueP) &P+ i (T§ - v, Py DLUP) &P + i (Qh; - v Pu - DuG®™P) 6P + i (uf - v, Pr - DuP) &PT +

2

(1 1 ( ’Z ( 7 1
l—fl‘ﬁ [——yED ‘4yE'VerSVe”5 1+Log[“—”—yEp ‘—ZyEryE' Log[L] +2 ‘1+2Log L] \H -
L2 { ME? { ME? { MEZ )
1 e vE yeP v L
180 cHH 71 12 gY* - 5yEP yEP gY’ ‘\13 +6 Log[ &
5 yEP [712 (YE yEP yE™ + 6 yE™ Ye"® vePs - zyEVA) +yEP gL? ‘S‘SLog = MJH, Hy HHI -
\ ME
[—W'+%h7€syE5V 7‘ 4cHH+3MEZ‘1+2Log ‘Hm (a5 - P - q7™®) +

( ( IR
l—Vepr+ihyESi ~3yEP Ye®" (2 cHH - ME?) 3‘2Log[u—] +2yE® Vep" 4cHH¢3ME2‘1¢ZLog H“
\ 24 ME? | ! ME? )

A (e P - 17P) +

. N L .
[—Ve’°+ hYE® 3ME2 zyESve'P
\ 24 ME? {

bmg[ :]

+yE" Ye*P :3 +2 Log[ ME:Z ] ' ‘ -

2 cHH LAyESVe”’+3yE Ye*P 3+2Log ]‘HH‘ Pp-eP) s
( 1
[—Vd”+ uhyTsyESYd” \ 4 CHH + 3 ME2 ‘1+2Log \HH a5 - Pa - dP) +
. N X
[wwhﬁnyﬁyssw’? ‘ 4 cHH + 3 ME? 1+ZLog ‘HH‘ (a5; - Pr-u) 7+
( 1
[7 T AVE VT S \ 4cHH+3ME2‘1+2Log[ \Hm o P-q7P) Ey
1 4
—n— [122g¥*+
180 me? |
[ 21
5 yEP ‘12‘5’ EP (VE® yE™ yE® + 6 yES V& ve'™ - yE" 2) - 72 yE' V&' Ve”mr‘“ YeP! vets loLog[ 1] ‘+
mez "))

-gv?

2
yEP X ‘umgLZ SQGch[“—]
' MF2

13+5L0g[ \H]H,H]Hku HIHE .
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Evanescent Operators

Why can’t QFT just play nice?



EFT from a 2HDM

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

LD Lo+ DydTDFD — M3 DT — (yEL 2, de, +hc.) + ...
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EFT from a 2HDM

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

LD Lo+ DydTDFD — M3 DT — (yEL 2, de, +hc.) + ...

w H Y e
\ \/
! 1
e g L ¢ 1o
' I

\\ 4 /\
~--"0 e ¢
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EFT from a 2HDM

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

LD Lo+ DydTDFD — M3 DT — (yEL 2, de, +hc.) + ...

W; ! I~

e : L E(D
" o~

Below the scale Mg > vy

Lerr D C, QP + CLRE

But the tree-level operator Ry is not part of the Warsaw basis

Anders Eller Thomsen (U. Bern) EFT Matching ZPW 2023 11



Changing basis in an EFT

In 4D, Lt = ~EFT, where

£EFT D) Cp\;V pr Cgé’st/_—\)prst Rprst (e er)(ese )
Lerr D Cly ’e’&v - 3G Q™ = (Bovube)(8er)
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Changing basis in an EFT

In 4D, Lt = ~EFT, where
£EFT D) Cp\;V pr Cgé’st/_—\)prst Rprst (e er)(ese )
Lerr D Cly ‘é&v — 2GR Q™ = (Comule) (@ er)

But the 1-loop EFT amplitudes are different!

[CoelP"styE* (a7 00 PrU) g™

i(Aetimaw — Aerisow) = %
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Changing basis in an EFT

In 4D, Lt = ~EFT, where
£EFT D) Cp\;V pr Cgé’st/_—\)prst Rprst (e er)(ese )
Lerr D Cly ‘é&v — 2GR Q™ = (Comule) (@ er)

But the 1-loop EFT amplitudes are different!

[CoelP"styE* (a7 00 PrU) g™

i(Aetimaw — Aerisow) = %

In d # 4, there is an evanescent operator:

d—4
Rprst 1 thsr Eprsl'Y Egerst O

Anders Eller Thomsen (U. Bern) EFT Matching ZPW 2023 12



Evanescent operators

An evanescent operator E is an operator satisfying

E = rank(e) 240

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

E = rank(e) 240

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

Buras, Weisz '00; Dugan, Grinstein '91; Herrlich, Nierste [hep-ph/9412375

The physical contributions from evanescent operators are finite and local

E
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Evanescent operators

An evanescent operator E is an operator satisfying

E = rank(e) 240

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

Buras, Weisz '00; Dugan, Grinstein '91; Herrlich, Nierste [hep-ph/9412375

The physical contributions from evanescent operators are finite and local

E

e.g., in the 2HDM example

ts
Eprst grLye

te 12872

Q%) + [many other contributions]
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The physical projector

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

(Y'Y P) @ [y e Pl = 4(1 — 2¢) (YR @ [yu P + EL)

Fierz identities for 4-fermion operators, e.g.,

(PR) @ [P = = 3(VuP @ [YuPR) + Erierz(Pr, PL)

Anders Eller Thomsen (U. Bern) EFT Matching ZPW 2023 14



The physical projector

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

(Y'Y P) @ [y e Pl = 4(1 — 2¢) (YR @ [yu P + EL)

Fierz identities for 4-fermion operators, e.g.,
(Pr) @ [P] = =3 (P @ [YuPr) + Erierz(Pr. PL)

Choosing a set of identities allows for defining the physical projector P:

id—P
Og=POy+Ep Oy

phys. part ev. part

Anders Eller Thomsen (U. Bern) EFT Matching ZPW 2023 14



Evanescence-free schemes

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

Ve 1-loop diagrams, tree-level couplings

M= /(.%Oa +TE') +T(g,m).

N\ bare couplings
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Evanescence-free schemes

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

Ve 1-loop diagrams, tree-level couplings
r= /(_Zzaoa +ME") +T(g.m).
X

N\ bare couplings

Scheme MS

5 P O? | ga=9a+0d9,
< Ep: E' | i =mi+dm,

Eff. action . —
Pr /Xgao +Pr(g,m)
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Evanescence-free schemes

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

Ve 1-loop diagrams, tree-level couplings
r= /(_Zzaoa +ME") +T(g.m).
X

N\ bare couplings

Scheme MS Compensated
g P:0O? | ga=9gat09, (ga+ Aga) _(Aga\:
< & E' | mi=mi+én o +.mi)
i _ (92 + Aga)O?
7E)fp action /gaOa + PT(g.n) /X i
x +Pr(g.mn) — /Agaoa
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Evanescence-free schemes

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

Ve 1-loop diagrams, tree-level couplings
r= /(_Zzaoa +ME") +T(g.m).
X

N\ bare couplings

Scheme MS Compensated
g P:0O? | ga=9gat09, (ga+ Aga) _(Aga\:
< & E' | mi=mi+én o +.mi)
i _ (92 + Aga)O?
7E)fp action /gaOa + PT(g.n) /X i
x +Pr(g.mn) — /Agaoa

The evanescent contribution is defined by

] Ag,0° = P [F(g, 1) — T(9.0)]
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Evanescence-free schemes

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

Ve 1-loop diagrams, tree-level couplings
r= /(_Zzaoa +ME") +T(g.m).
X

N\ bare couplings

Scheme MS Compensated
g P:0O? | ga=9gat09, (ga+ Aga) _(Aga\:
< & E'| @i =mi+0m oni +om)
i _ (92 + Aga)O?
7E)fp action /gaOa + PT(g.n) /X i
x + Pr(g,0)

The evanescent contribution is defined by

] Ag,0° = P [F(g, 1) — T(9.0)]
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Evanescence-free schemes

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

Ve 1-loop diagrams, tree-level couplings
r= /(_Zzaoa +ME") +T(g.m).
X

N\ bare couplings

Scheme MS Compensated Subtracted
.5 P:0O% | Ga=9a+g, (ga+ Aga) _}/Aga\: Ja+ Ag,
< & E' | mi=mi+én o +.mi) on;
i _ (ga + Aga)O? /_a + Ag,)O?
7E)fp action /gaOa +PF(g. ) /x i X(g 9a)
x + Pr(g,0) +PF(9,0)

The evanescent contribution is defined by

] Ag,0° = P [T (g, 1) — T(4.0)]
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Evanescence-free schemes

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

Ve 1-loop diagrams, tree-level couplings
r= /(_Zzaoa +ME") +T(g.m).
X

N\ bare couplings

Scheme MS Compensated Subtracted
.5 P:0O% | Ga=9a+g, (ga+ Aga) _}/Aga\: Ja+ Ag,
< & E' | mi=mi+én o +.mi) on;
i _ (ga + Aga)O? /_a + Ag,)O?
7E)fp action /gaOa +PF(g. ) /x i X(g 9a)
x + Pr(g,0) +PF(9,0)

The evanescent contribution is defined by

[29.0° = P[F(.m) - T(6.0)]
Handling evanescent contributions means computing Ag
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RG in evanescent schemes

£ >C-)/\§/ 1>< = on(9) #
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RG in evanescent schemes

@) 1 E
£ ~ 2 = dn(9) #0
o
gﬂ 1
% o ,r‘\subtracted
8
4
\
4
Inw
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RG in evanescent schemes

O 1 E
£ ~ o —> on(g) # 0
5
o o
\(\*‘r ,AX %
Q 9 Q
E o subtracted
%‘ Il scheme
o &
e
: : >
t t+dt In w
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RG in evanescent schemes

.8 subtracted
.

subtracted scheme

o
scheme |
IS

Ev. couplings
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RG in evanescent schemes

O 1 E
£ ~ o = 0n(g) #0
“\6;’
O\Q\\ &ﬂ, N
N =
? )
) .8 subtracted
£ o subtracted o “ 1 scheme
S scheme Il :
S & = AN
> X©3
L ga
: : >
t t+dt In w
In the subtracted evanescent scheme 2-loop
/—/H
dga _ aS OAg,
at =0B; =0B.+B, an
M |n=o
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Application in the SMEFT

Tree-level BSM matching to the SMEFT can produce 49 different, redundant
four-fermion operators, which will result in non-trivial evanescent contribution at
1-loop order, e.g.,

Ree = (Le) (&) R®) = (gT"u)(aTq) Ruceiqe = (a°€)(1q°)
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Application in the SMEFT

Tree-level BSM matching to the SMEFT can produce 49 different, redundant
four-fermion operators, which will result in non-trivial evanescent contribution at
1-loop order, e.g.,

Ree = (Le) (&) R®) = (gT"u)(aTq) Ruceiqe = (a°€)(1q°)

For dimension-6 SMEFT, evanescent operators contribute through 6 covariant
trace topologies

\ From the O(1/¢)

pieces of the loops

Q2
Siies
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Matematica interface

Filter: | Redundant  SMEFT Al
prst prst prst prst (1)prst (8)prst (1)prst (8)prst prst prst prst Jprst st Iprst prst prst prst
Rie" Ry” Ry™ R Ry Ry Rad Ry Riwge Rici Byq Req Rl Rigw Ree R R

prst prst (3)prst (1.8)prst (3.8)prst (1)prst (3)prst (8)prst (8)prst

Ry Ry Ry bt Ry Ry R R

prst  pprst  pprst  plprst  pprst
Reew Biq Ruq Beg Biae B Leq ¢eqq°t Tucudoe

R
prst  pprst  p(Dprst  p(&)prst  pprst | pprst  pprst  pprst pprat ) Wemet) Bl Wrrer) Wemad) e prst prat
R I R, R, R Ry R I Riceaee Rite Row Rgey Reqg Rig Ripen Ruopea Riceusq

cu ed ud ud tode| {Yce teu ted

Operator definition:

Rt = (Gyugr)(drer)

Reduces to:

Qs ()prst or r or r or prst r r
Qcdg > Qqugd » Qaw > Qap» Qaw» Qua» Qp» Q> Q> Qaw s

prst prst (1)prst (3)prst (1)prst (3)prst (V)prst (8)prst ot
Qu" o Qi Qregn » Quegu > Qug o+ Qug o+ Qua o 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 (Automatic) EFT matching is crucial to BSM phenomenology
m Functional matching is ideal for automated matching
m One must carefully account for evanescent operators in computations

m Matchete is a public code for EFT matching. It already greatly simplifies the
matching task and many more features are planned!

https://gitlab.com/matchete/matchete

\ FIATCHETE |\
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Backup




Expansion by regions: an example

Find the result of a multi-scale integral as a series in m?/M? < 1:

d9e 1 1 j 1 2 2 2
/f Qi E—m e~ Tome \e 111090z T zlod 5

2~ M2
/ I P L L M +1+|o i
" emdie\T T e T ) e T 1em? T M? 917
02~ m?
d?e 1 -1 2 —i m? (1 a2
/ 1— = " [Z4141002=
s (2m)d 2 — m? /\/12( et ) 1672 M2(6+ 1o m2)

In dimensional regularization, integrals equal the sum of their hard and soft parts

I =1p+ s
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Matchete demonstration (SM implementation)

Gauge Groups

DefineGaugeGroup[SU3c, SUe3, gs, G,
FundAlphabet - CharacterRange["a", "f"],
AdjAlphabet - CharacterRange["A", "F"]]

DefineGaugeGroup[SU2L, SUeZ, gL, W,
FundAlphabet + CharacterRange["i", "n"],
AdjAlphabet -+ CharacterRange["I", "N"]]

DefineGaugeGroup[U1Y, Uel, gV, B)

Generation index

DefineFlavorIndex[Flavor, 3,
IndexAlphabet + {"p", e, Mst, mEw ngn mynyg

Fermions

DefineField[q, Fermion,
Indices - {SU3cefund, SU2Lefund, Flavor},
Charges - {U1Y[1/6]},
Chiral - LeftHanded,
Mass » 0]
DefineField[u, Fermion,
Indices + {SU3ce fund, Flavor},
Charges —+ (U1Y[2/3]},
Chiral -+ RightHanded,
Mass » 0]
DefineField[d, Fermion,
Indices + {SU3ce fund, Flavor},
Charges -+ {ULY[-1/3]},
Chiral - RightHanded,
Mass + 0]

Anders Eller Thomsen (U. Bern)
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DefineField[1, Fermion,
Indices + {SU2Le fund, Flavor),
Charges + {U1Y[-1/2]},
Chiral - LeftHanded,
Mass -+ 0]
pefineField[e, Fermion,
Indices -+ (Flavor),
Charges - {U1Y[-1]},
Chiral + RightHanded,
Mass -+ 0]

Higgs

DefineField[H, Scalar,
Indices » (SU2Le fund},
Charges - (U1Y[1/2]},
Mass -+ 0]

Couplings

DefineCoupling[A, SelfConjugate + True]
DefineCoupling[u, SelfConjugate + True,
EFTorder -+ 1]

DefineCoupling[Ye,

Indices - {Flavor, Flavor}]
DefineCoupling[Yu,

Indices + {Flavor, Flavor}]
DefineCoupling[Yd,

Indices » {Flavor, Flavor}]




Matchete demonstration (SM implementation)

LSM // NiceForm

Lagrangian
Form=
SH = Freel 1 1 1
L "ef 35[1*- ) e =R L I T
-pu[]” BareH[i] <H[1i] - 4 4 4
S ZHiH o i (@2 .5, P - D,d%) + i (&P .y, P - Duef) «
200 garenpi) HEi) - BareH (] - H[j] + o B W (T P DY) o i (8 Pa - D07
2 i (T vy P D,UP) (g - v P - Dug™P)
PlusHc [ . . 1 i
~Yu(p, r] - CG[epseSU2L, {i, j)] i (o8- vuPr-Duu )—EAH, Hj Y H -
BareHei Bareq[a, j, p] #+xufa, r] Yd*" A {a; NERE qE*D) - Ye* H; {g' oL o 11:') -
-Yd[p, r] ~Hei:Bareq[a, i, p] »xd[a, r] YeP H! (T8 .Py.e") - vdP H' (gf; . Py . d*) -
-Ye[p, r] ~Hei Barel[i, p] »we[r] YuP* s {q:]_PR_uar]E1]7wer1 (ot . P - q%P) =28
1 // Relabellndices;
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