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What is experiment telling us?

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2022 [£ dt = (3.6 - 139) fo? V5 =8,13TeV
Model (,y Jetst EI™ [rat[ib™] Limit : Reference
1 | L] LI I L L] L] L] L] | LI | K 1 L] L L L
ADD Gkk + g/q Oe,p,7,y 1-4] Yes 139 n=2 2102.10874
ADD non-resonant yy 2y - - 36.7 3 n=3HLZNLO 1707.04147 = =
ADD QBH - 2] - 139 4 n=6 1910.08447 NO dlre(:t e‘"dence fOr NP
ADD BH multijet - >3] - 36 |My, ¥ 9.55TeV & n=6, Mp = 3 TeV, rot BH 1512.02586
RS1 Gkk — vy 2y - - 139 , k/Mp = 0.1 2102.13405 . '
Buk RS Gix — WW/ZZ  multi-channel 361 |Gecmass | KMy — 1.0 1808.02380 d t -th m f t
Bulk RS Gkx —» WV — fvqq 1epu 2j/1J  Yes 139 L k/Mp;=1.0 2004.14636 espl e e any reasons Or
Bulk RS gk — tt 1e,u >1b, >1J/2) Yes 36.1 gKK Mass ¢ /m=15% 1804.10823
2UED / RPP leu 22b,23j Yes 36.1 KK mass ' Tier (1,1), B(AMD) — tt) =1 1803.09678 9 _
SSM Z’ = ¢t 2e,u - - 139 1903.06248 [ p f g p
SSM Z’ - 17 271 - - 36.1 Z' mass 2.42 TeV 1709.07242 rese n ce o a m ass a -
Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV ‘ 1805.09299
Leptophobic Z" — tt Oe,u >1b,>2J VYes 139 £ M/m=12% 2005.05138
SSM W’ — ¢ty 1epu - Yes 139 1906.05609
SSMW’ - v 17 - Yes 139 ATLAS-CONF-2021-025
SSM W’ — tb - >1b>1d - 139 . ATLAS-CONF-2021-043
HVT W —- WZ — fvgqgmodel B 1 e, u 2j/1J Yes 139 gv =3 2004.14636
HVT W — WZ — tv{'¢’ model C 3 e, u j (VBF)  Yes 139 gven =1, =0 ATLAS-CONF-2022-005
HVT W’/ — WH — tvbbmodelB 1e,u 12b,1-0j Yes 139 ; gv =3 2207.00230
HVT Z2/ - ZH — ¢{/vwvbbmodel B 0,2e,u 1-2b,1-0] Yes 139 gy =3 2207.00230
LRSM Wg — uNg 2u 1J - 80 § m(Ng)=05TeV, g = gr 1904.12679
Cl qqqq - 2j - 37.0 21.8 TeV 1, 1703.09127
Cl ttqq 2e,pu - - 139 um 2006.12946
Cl eebs 2e 1b = 139 28 = 2105.13847
Cl uubs 2u 1b - 139 L g. =1 2105.13847
Cl tttt >lep 21b>1j Yes  36.1 |Carl = 4m 1811.02305
Axial-vector med. (Dirac DM) Oe,u,7,y 1-4j Yes 139 ' gq=0.25, g,=1, m(y)=1 GeV 2102.10874
Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4] Yes 139 £ go=1, g=1, m(x)=1 GeV 2102.10874
Vector med. Z’-2HDM (Dirac DM) 0O e, u 2b Yes 139 § tanp=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 ? tanp=1, gy =1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1°t gen 2e >2]j Yes 139 :p=1 2006.05872
Scalar LQ 2™ gen 2 u >2j Yes 139 Ep=1 2006.05872
Scalar LQ 3" gen 17 2b Yes 139 ' B(LQY — br) =1 2108.07665
Scalar LQ 3 gen Oe,u  22j,22b  Yes 139 § B(LQ; - tv)=1 2004.14060
Scalar LQ 3" gen >2eu, 217t 21j,>21b - 139 § B(LQY » tr) =1 2101.11582
Scalar LQ 3 gen Oe,u, 217 0-2j,2b  Yes 139 . B(LQ%’/—> bv) =1 2101.12527
Vector LQ 3" gen 17 2b Yes 139 § B(LQY — br) = 0.5, Y-M coupl. 2108.07665
VLQTT - Zt + X 2e/2u/>3e.u >1b,>1) - 139 . SU(2) doublet ATLAS-CONF-2021-024
VLQ BB - Wt/Zb+ X multi-channel 36.1 . SU(2) doublet 1808.02343
VLQ T5/3 T5/3|T5/3 - Wt+ X 2(SS)/>3 e,u >1b,>1j] Yes 36.1 9 B(Ts3 » Wt)=1, c(Ts;3Wit)=1 1807.11883
VLQ T — Ht/Zt 1eu >1b, >3] Yes 139 & SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
VLQ Y — Wh Teu >1b>1j] Yes  36.1 B(Y — Wb)=1, cg(Wb)=1 1812.07343
VLQ B — Hb Oeu >2b, >1j,>1J - 139 % SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLL 7 = Z7/Ht multi-channel  >1] Yes 139 . SU(2) doublet ATLAS-CONF-2022-044
Excited quark ¢* — qg - 2] - 139 § only u" and d*, A = m(q") 1910.08447
Excited quark ¢* — qy 1y 1] - 36.7 ¢ only u” and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b,1] - 139 1910.0447
Excited lepton ¢* e pu - - 20.3 it A =3.0TeV 1411.2921
Excited lepton v* e urt - - 20.3 3 A=16TeV 1411.2921
Type lll Seesaw 2,34 e,pu >2j Yes 139 2202.02039
LRSM Majorana v 2u 2] - 36.1 § m(Wg)=4.1TeV, g, =gr 1809.11105
Higgs triplet H** - W*W* 23,4 e, (SS) various  Yes 139 £ DY production 2101.11961
Higgs triplet H=* — ¢¢ 234 e,u(SS) - - 139 DY production ATLAS-CONF-2022-010
Higgs triplet H** — ¢t 3eut - - 20.3 ¢ DY production, B(H* — (1) =1 1411.2921
Multi-charged particles - - - 139 & DY production, |g| = 5e ATLAS-CONF-2022-034
Magnetic monopoles — - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130

partial data 1071 |

*Only a selection of the available mass limits on new states or phenomena is shown. 1 T ‘ 7 ¢
T Small-radius (large-radius) jets are denoted by the letter j (J). e

L

10 TeV '
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The Effective Field Theory approach

EFTs are essential to interpret experimental olbservations

/ UV physics

00 0 (f)
Zerr () = Lg=4(np) + ;O 2 ; (1671.2)1,” An—4 O (1)

m Bottom — Up

EFTs offer a imodel comprehensive (“model independent”) approach to study deviations form the SM,
organized in a double expansion in £/ and loop orders.

B [op — Down

(B)JSM computations of experimental observables are multi-scale problems:
Precision requires using EFTs ( RG resummation of large logs )

Multiple BSM models share the same EFT, so many computations are (reusable ( “compute once for all” )




The rise of automation

—nergy

New model(s)

A | s matching s

'CSMEFT running

l

My, | s matching s

CLEFT running

Observables \




The rise of automation

—nergy
Main motivation
New model(s)
| The vast landscape of BSM models and the repetitive nature
A B Matching I of EFT computations call for automated solutions

ﬁSMEFT running

l

My, | mmmmmm matching

’CLEFT running

Observables \




The rise of automation

—nergy

New model(s)

A | B matching

»CSMEFT

My, | s matching

L1EFT

Observables

W R
A\ ]
A

AR

\‘|

B!

JFMetal. "17 & 21

wilson

Aebischer et al. '18

“Hard-coded” one-loop results based on:

SMEFT running: Jenkins et al. '13, '14;
Alonso et al. '14

LEFT basis: Jenkins et al. '18

SMEFT-LEFT matching: Dekens, Stoffer '19

LEFT running: Jenkins et al. '18



https://arxiv.org/abs/1704.04504
https://arxiv.org/abs/2010.16341
https://arxiv.org/abs/1711.05270
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/1804.05033

The rise of automation

—nergy
New model(s) @ .

A | s matching s

SMEFT likelihood ( smelli ) flavio
Aebischer et al. '18 Straub ‘16

S MEFIT

De Blas et al. ‘19 Giani et al. ‘23

'CSMEFT running

l

My, | s matching s

L:LEFT running + others

. Observables

Involvement of experimental collaborations into this program is crucial




The rise of automation

—nergy Much progress has been made:

New model(s) ® Tree-level matching to the SMEFT is a solved problem

' de Blas, Criado, Péerez-Victoria, Santiago, '17 ]

| Criado '17 |

ﬁSMEFT - ® One-loop can be the leading effect in important processes. E.g., in the SM
9
| c
d > d )
MW I matching e W § § W | IR My, X
\) ¢ d ¢ J
£LEFT running

Similarly, iIn BSM models: dipoles, FCNCs, EW precision...
Observables



https://arxiv.org/abs/1710.06445
https://arxiv.org/abs/1711.10391

The rise of automation

—nergy

New model(s)

'CSMEFT running

l

My, | s matching s

'CLEFT running

Observables \

. S CRETa

JFM et al. ‘23

matchmakereft
Carmona et al. '22

Guedes et al. '23

UV-SME

dictionari

eS

Automated one-loop
matching of many models

“Breaking SMEFT operators”
UV-to-SMEFT mapping

Cepedello et al. '23



https://arxiv.org/abs/2112.10787
https://arxiv.org/abs/2303.16965
https://arxiv.org/abs/2207.13714

The rise of automation

—nergy Multiple mass scales

~_

New model(s)

A | s matching s

Present limitations

Lrrr 7# Loy
SMEFT Full automation only for the simplest scenarios

/ Some steps/approaches require (prior knowledge of the target EFT

Higher-order terms in E/A (Automated) inclusion of higher-loop orders is (so far) non-trivial

New light states

running

Observables




The traditional approach to matching

Amplitude matching

(with Feynman diagrams)

® \Vell-established procedure to any loop order
q, < M

w/ IR regulator

Zyv (M1 {AUV(%)}

® Matching usually done off-shell: Additional redundancies
but need to consider 1LPI diagrams only

Equate to derive {c;} ® Explicit breaking of gauge symmetry in intermediate steps

® Need a priori knowledge of the EFT Lagrangian in off-shell
basis and with redundancies (e.q. Fierz related ops.)

SMEFT basis in Gherardi, Marzocca, Venturini, '20:
g EET ( 7/]L ) — {AEFT (pz) } Carmona, Lazopoulos, Olgoso, Santiago, '21

w/ IR regulator

Figure from Cohen, Lu, Zhang, 21



https://arxiv.org/abs/2011.02484
https://arxiv.org/abs/2003.12525
https://arxiv.org/abs/2112.10787

Functional matching

e Lagrangian: £y with fields 7 = (1 17;)" and hierarchy my > m;

e Background field method: shift all fields # — 71 + 7

1 . background fields (satisfy the quantum EOM)

7 : quantum fluctuations

® Quantum effective action:

e'tovlil — J In exp(indx ZLuv(n

| Tree lines in Feynman graphs |

[ Loop lines in Feynman graphs |

Goal: Evaluate the path integral and isolate
(“integrate out the quantum configuration)

and isolate the EFT contribution




Functional matching

® Expanding the Lagrangian in 7:

A

Uv

Ly +n) = ZLyy(#) A

on;

>

H;

T,

1 6°Zyy

>

1+ o)




Functional matching

® Expanding the Lagrangian in 7:

A n 6% 1 8*%
Ly + 1) = Ly — M+ 1, [iV n; + O(1°)
or; ) 2 577]' of;
n=n n=i]
0 A A A
e Iree-level: ‘S/ﬂ](ElzT — ng<71L, ;/]H(nL))
. n . 1 0L yy
— Substitute 77y by its EOM expanded in mi; . =0
NH




Functional matching

® Expanding the Lagrangian in 7:

0

A n 0% 1 °ZLyv .
Ly + 1) = Ly M+ 1, . n; + O°)

N . 2 on;on; )

= n=1

0 A A A
e Iree-level: ‘S/ﬂ](ElzT — ng<71L, ;/]H(nL))
. A . ] 0L yy
— Substitute 77y by its EOM expanded in mi; . =0
NH




Functional matching

~1
® Expanding the Lagrangian in 7: sz
0 1l
X w 0% 1 6*Zyy .
Ly + 1) = ZLyylip) - M+ 1 _ n,+ O(n°)
" - 2 on;on; A
~ n=i

o Tree-level: V) = QUV(ﬁL, ﬁH(ﬁL))

EFT
LA . =1 0ZLyy
— Substitute 77y by its EOM expanded in mi; . =0
i n=i
(D) l
° e/ Tov 1l = J Dn exp (indx 1; Qi ;7].) —> T\ [l =—ilnSDetQ~"* = 5 STrinQ

Gaussian integration




Functional matching

-1
® Expanding the Lagrangian in 7: sz
0 Il Higher-loop orders
more later
A n 0 | 82%yy | )
Ly +n) = Fyyip) n; + = 1; - n; +10017)
i ) 2 5’7]' of;
n=n n=n
. p(0) _ A (A
e Tree-level: ngF)T = EUV(;?L, nH(nL))
- A - 1] 0L yy
— Substitute 77y by its EOM expanded in mi; . =(
i n=
. A l
° e T il = J DN exp (ZJ d’x 7; Q;; ;7].) —> T\ [l =—ilnSDetQ~"* = 5 STrinQ

Gaussian integration




Evaluating supertraces

' [ d% i
® Supertraces: FS%, (1] = %STran = *+ %J' o) (k\ tr In Q[7] | k) =+ —1In . .
T

Disclaimer: (quantum) effective action = EFT action!




The EFT Lagrangian comes from the hard part

We can separate D in two regions ( for qz, m? << M?): haro (p2 ~ M?) & soft (p2 ~ m?)

[SAY
Method of regions: Beneke, Smirnov "9/, Jantzen ‘11
P(l) _ (1) (1)
UV/' R h SOft\
If only the hard part of the loop is considered we get the EFT Lagrangian directly JFM. Portolés, Ruiz-Femenia, '16

e r(l) _ r(l)
— “EFT UV
soft



https://arxiv.org/abs/1607.02142

Evaluating supertraces

l I ’ .
® Supertraces: Jddx L epr = FS%, = 5 STrin QO = + 5 In !
hard hard '




Evaluating supertraces

i i SN
® Supertraces: Jddx L epr = FS%, =—STrinQ =+—1In, !
hard 2 hard 2 * ¢
~--* lhard zz
=1
01l = =S )
l—interaction terms
5° Ly » »
® Fluctuation operator: i = ~ = 0;A; —X;=A;77(00; — A Xy) Ry
on; o; - T —(D? + M?)
propagators A7l= 1 iy"D, - M,
g"(D* + M)

Expanding the logarithm and taking AX at most @(mg,l)

i
d%x Lrp =T - —STr In A~}

_ % Z_‘; STr [(AX)"]

hard hard Covariant evaluation:

Chan ’86; Cheyette ‘88;

N @m m“ Gaillard ‘86
VN
' Yal:




Going beyond one loop

5°F
Ciilit] = —
on; 5’7]' Oty
n’ n’ n B
I'uvln] = Suvlnl — iln[@n exp |i| — QOln] Cln] 4 Din]l+ ...
2 3! 41 S
Dij/d[ﬁ] —
on; on; ony, o

n=i]

AR A ' 1
— SUV[i/\]] — ian@r,g? (Q[’?]+Q[77](1));72 [1 | 214 ;,]4 D[f]] 72776C2[ﬁ] 4 @(fﬁ)]




Going beyond one loop

5°F
Ciilit] = —
on; On; O A
0 n> n o
I'uvln] = Syvlnl — iln[@nexp 1(7 QOln] 1 Y Cln] 4 A D[n] + ) )
. . 5 g
Dijkl[i/\]] = =
on; on; ony, o

n=i]

~ 1 th —1 (1) hz —1 —1 h2 | 1 3
— SUV[VI |+ ESTr In Q | o Qlj Qij ] sz D ikl le 12 l]k Qzl Q]m an Clmn T @(h )
DN S X WIS WA
— 7 — loq! : _I | === = — ! I O(h
SUV[;/]] —I_ 2 g \\ + 2 S /I 12(\ / 8 \ /A\ / —I_ ( )




General EFT matching formula

The EFT action is given by

ol v ® : Heavy

hard [ % -
hard SD (@, 9] =0 ¢ : Light

SEFT[Cb] — 1—’U\/[(IA)» §b]

oK

“hard” denotes the part where all loop momenta are p ~ A (incl. tree-level contributions )

B Already used at one loop order [ JFM, Portolés, Ruiz-Femenia, 1607.02142; Z. Zhang 1610.00710 ]

B Explicit proof to (two-loop order [ JFM, Thomsen, Palavic, w.i.p ]

B The hard region is by far the easiest to compute ( only vacuum diagrams at zero external momenta )

B Enables functional matching at any loop order

*
(*) Method of regions: Beneke, Smirnov, '97; Jantzen, '11



https://arxiv.org/abs/1607.02142
https://arxiv.org/abs/1610.00710
https://arxiv.org/abs/hep-ph/9711391
https://arxiv.org/abs/1111.2589

The Matchete package

\ FIATCHETE | \\\ JSE

evolution of arbitrary weakly-coupled UV theories using functional methods

[ Define (gauge) —)[ Define fields j [ Define couplings J
groups
e
-
Q.
[ Write down EUV
A\
f
1)) func. derivatives,
£ EOMs CDE, STr
N =
o
©
= Tree-level, unsumplnfled Field redefs. 1-loop, unsimplified:
U @0 T v, M1
8 E(FT) " ~‘ E(FT)
z ; ‘./
= } P et
Q / s ¢
5 Full, unsimplified: b N BN Full, simplified:
< E'EFT Simplifications Lerr
e

[ JFM, Kbnig, Pages, Thomsen, Wilsch, 2212.04510 |

aimed at fully automating EFT matching and RG

Proof-of-concept version (Matchete vO.1)
now publicly available:

B One-loop matching of any model with
heavy scalars and/or fermions

B Simple and intuitive input/output

B Handles all group theory ( any group and reps )

B Partial simplifications of the resulting EFT
Lagrangian ( IBP, field redefinitions,... )

B SSB and heavy vectors not yet supported
[ w.I.p with Olgoso, Santiago, Thomsen |

B Computation of the RGE not yet available



https://arxiv.org/abs/2212.04510

Two BSM matching examples

SM extension with a scalar SM-singlet

1 1 A A
Loy = Loy + 5(6ﬂS)2 ) VR S R ;H (HTH)S* =k (HTH)S  with M, k, g > vy

2 3! 4!

| Henning, Lu, Murayama 1412.1837/;
Less than half a minute to compute the one-loop matching Ellis, Quevillon, You, Zhang 1706.07765;

(which was correctly determined only after several literature iterations ) Y'@n9. Craig, Li, Sutherland 1811.08878;
Haisch, Ruhdorfer, Salvioni, Venturini, Weiler 2003.05936 |

SM extension with a vector-like lepton (£ ~ (1,1)_, )

Loy =ZLsw+i(Ey,D'E) —myEE — (yE ¢ HE,+h.c. ) with M, > vy

Less than a minute to compute the one-loop matching and simplify the result
( result validated against )



https://arxiv.org/abs/1412.1837
https://arxiv.org/abs/1706.07765
https://arxiv.org/abs/1811.08878
https://arxiv.org/abs/2003.05936

Reducing the EFT Lagrangian to its basis

1 1 A C C C
L = @Y = Sm =t A; $° Ai $>0°¢ Ai $*(0,)°

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

1 1 A C 3C, - C
P =_(9 2 - 242 4I 1 6I 2 3 352

On-shell equivalence ( non-linear ): Field redefinitions ( sometimes equivalent to using of EOMs )

3G,-C;
3 A2

—

# P = —m? - % 5+ OA)

1 1
L = = @) —5m P -

2 18 A2

/1 I m2(3C2—C3) ¢4 I 18C1—/1(3C2—C3) ¢6
4 3 A?

Removal of evanescent operators: Solved for SMEFT [ JEM, Konig, Pages, Thomsen, Wilsch, 2211.09144 |



https://arxiv.org/abs/2211.09144

Evanescent operators

Ind = 4, we can use the Fierz identity R,, = == 0,
ZLepr D CUV R RV = (£, e,)(e,C))
EFT D ——= Cp;st Qg:;ﬂ Qprst — (f yﬂ ft)(e }/ e )
so that Lgpr = Ly at tree level. However,




Evanescent operators

nd =4, we can use the Fierz identity R,, = —= O,
Perr D CPPI R RP™ = (Z,e,)(E,£)
e —3 O QL 017" = @1, )@ )

5O that ZLgpr = Lgpy at tree level. However,

Ind =4 — 2e, there is an evanescent operator that also contributes to the amplitude

s
RP™ST = —— Qp”“ + Ep”t Eprst _£ 7 0, 0 gprst , _ SLYe P+ [ many other contributions ]

Le e Le 128712 !




Linear simplifications

Example: Integrating out a heavy fermion in

the fundamental representation of SU(3) A%V @Mv

In[12]:=| LEFT // NiceForm
Out[12]//NiceForm=

7 2 1

g = (p,6"*)2.
540 M T2

) . . . ( log supertrace )

2 2 2
a0 "8 g O DT g BB gz DG DG
1 1 1 1

_180 h gz M_G_22 DVGIJVA DDGHDA 5 E fl g2 M—Qz G'uVA DVD’OGHDA +

1 1 1 ]!

E h gz F GHVA DDDVGHDA . ﬁ h g3 F GHVA GHDB vac fABC

D Y

L rpr = Z C.O0 €0




Linear simplifications

Example: Integrating out a heavy fermion in
the fundamental representation of SU(3)

In[12]:=

LEFT // NiceForm

Out[12]//NiceForm=

L pg? = (D,6"")2+
540 M T2
1 1 7 1
25 " g? = VA D2GHA & T g? oz Do D,G*"* D, GH°* -
Ny Ny
1 1 1 1
ﬁ 7 g2 M — D GMVA D GIJDA E g2 - GuvA D D G,upA
QD
% hg’ o G*"* DD, 6" - 2i4 hg’ Ml GHYA GHPB GVPC FABC
QD QU

L rpr = Z C.O0 €0

(log supertrace )

O

O3

[ C O is the space of all operators identities,

such as IBP relations, yielding e.g.

interpreted as

O,+20,€l




Linear simplifications > le}

Example: Integrating out a heavy fermion in

the fundamental representation of SU(3) L @W /[ﬁ] c O/l

in[12]:=| LEFT // NiceForm
Out[12]//NiceForm=

7 2 1

T ngr L (p,60h)2. >
540~ ° Mz? *° i 1 (log supertrace )
2
40 M2 540 Mz?
1l

uvA LPA
180 M@z o) 4@ h g M_Qz G DVD,OG °F
1

D,G*"* D, GH°* -

i 1 1
i gz e GuvA DpDvGupA B 7 g3 B GuvA GupB vaC fABC On
40 MT? 24 MT?

O3

. T , such as IBP relations, yielding e.g.
By gaussian elimination, we can (choose a representative element

for [ Lgrr] € O/1 10 get an EFT basis O,+20,=0

in[13]:=| LEFT // GreensSimplify // NiceForm
Out[13]//NiceForm=

1 1 1 1
e —1 g2 L DVGUVA DDGIJDA . A g3 T GuvA GupB vaC fABC

15 M2 180 M2 @1 + 2 @3 el

interpreted as

[ C O is the space of all operators identities,




Linear simplifications with evanescent operators

Evanescent operators appear from a special type of linear simplification ( valid only for d = 4 )

—ld— &P
O0,=90,+ 0, 9P = Projection to the physical (d = 4 ) basis
Physical part _ — Evanescent part
Eg Fierz identities / rank(d . 4)

(z,zp e)e.l,) = —%(z/zp v, Cegrte) + EZ” — (Zp e)e.l,) + %(Zpyﬂ Z)e y'e,) — EZSZ el

Representative elements are chosen so evanescent operators are retained. Afterwards, these are removed by shifting
the coefficients of physical operators

E LS
P = Ag >O< e.g. E" — SLe P+ [other contributions |

12872




Future plans

{ Deﬁ;foﬁi“ge) J—)[ Define fields [ Define couplings ]
EH \ \ / Proof of concept already available at:
=
E Yom. ek https://gitlalb.com/matchete/matchete

[ Broken phase L, J )[ Write down Ly ]
- l v
~ \
- Expected future functionalities include:
[Tree level, Légilmphfled J Field redefs. 1-loop, un(slir)nplified: J Haﬂdhﬂg Of evanescent COHtHbUUOﬂS
,EFT . . EIEFT
o0 " \‘/
S ' 1 . . . ' .
£ i /:/.' Complete basis reduction and identification
o Full, unsimplified: “A ,o" . Full, simplified:
g Leer Simplifications Leer -
= One-loop RG computations
go /proj.
i _ .
3 LT'ee"eV;E'L%?"eSCG"t} B Heavy vectors and symmetry breaking
E : =T
Tree-level, physical: |
< .
g {LEF(?) — Pl } F:ematchi_n\ \/ Interface with other EFT tools
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https://gitlab.com/matchete/matchete

Conclusions

B (Automated) EFT matching is crucial to BSM phenomenology

B Functional matching is ideal for automation ( also useful for pen-and-paper computations! )

B Complete one-loop automation: Lagrangian in, fully simplified EFT Lagrangian out not yet available

* Ongoing progress with GZa Y7 N

B The ultimate goal is a code ( or chain of codes ) that fully automates

* Matching

| Multi-step matching
* RG evolution

e Connection to observables / fit to data

streamlining future BSM analyses




Thank you

Matching models is about to become easy!



