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EFT matching

EFTs are used to interpret experiments and quantify observations

Lot (nL) = L£97%(my) +Z /Vl” 4 O,iln.) — UV physics

n=>5
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Leer(n) = L4 (n) +Z M,, —20ni(n)  — UV physics

n=>5
NP models have to be analyzed one by one

Matching
E—

»Cuv('nH- 'r)L) »CEFT(T)L)

Loop-level matching is required for many processes, e.g.,

W

° K~ Matching s we
—
b b +

ut

Anders Eller Thomsen (U. Bern) Functional Matching HEFT 2022 1



EFT-workflow

EJ\

mode!

Ne\N NP

RX|

Matching

) Jenkins, Manohar, Trott [13C

€Y Jenkins, Manohar, Trott [1310.4838]
SMEFT Alonso et al. [1312.2014]

‘0\65,, .
O‘QSeNa €1 Matching Jenkins, Manohar, Stoffer [1709.04486]
Dekens, Stoffer [1908.05295]

Jenkins, Manohar, Stoffer [1711.05270]

X
- LEFT |©

Anders Eller Thomsen (U. Bern) Functional Matching HEFT 2022 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

EFT-workflow

EJ\

NP

Matching i

RX|

) Jenkins, Manohar, Trott [13C

€Y Jenkins, Manohar, Trott [1310.4838]
SMEFT Alonso et al. [1312.2014]

Included in codes
wilson and DsixTools J

Aebischer, Kumar, Straub [1804.05033

- Matching

L Jenkins, Manohar, Stoffer [1709.04486]
Dekens, Stoffer [1908.05295]

Cellis et al

04.04504

Fuentes-Martin et al. [2010.16341]

Jenkins, Manohar, Stoffer [1711.05270]

1

+ LEFT

Anders Eller Thomsen (U. Bern) Functional Matching HEFT 2022 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

Straub [1804.05033
Cellis et al 04.04504

Fuentes-N 3/, [2010.16341]

4

Aebischer, Kumal

rtin et

C Matching i

NP
E/_\

RX|

RX|

SMEFT

- Matching

Anders Eller Thomsen (U. Bern)

X
- LEFT |©

Functional Matching
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Matching weakly coupled theories
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Matching weakly coupled theories
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Matching weakly coupled theories
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Matching weakly coupled theories
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Advantages of functional matching:

a“h'”gi m Does not require knowledge of EFT basis

m Well-suited for algorithmic approach

m Computations are manifestly gauge covariant
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Separation of scales

Expansion by region allows for separating scales in dimensional regularization:

Beneke, Smirnov [hep-ph/9711391]; Jantzen [1111.2589]

M= M, + T

hard UV lsoft
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Separation of scales

Expansion by region allows for separating scales in dimensional regularization:

Beneke, Smirnov [hep-ph/9711391]; Jantzen [1111.2589]
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Separation of scales

Expansion by region allows for separating scales in dimensional regularization:

Beneke, Smirnov [hep-ph/9711391]; Jantzen [1111.2589]
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m ) ... long-distance contributions included in 1-loop matrix elements of
tree-level EFT operators

m ) ..., short-distance contributions going into the EFT operators
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Functional Matching

Functional matching relies on teunin Lu, Murayama [1412.1837]; Fuentes-Martin, Portoles, Ruiz-Femenia [1607.02142

eil—uv[ﬁ] = /'D'r] exp(//ddx Luv[n + ﬁ])

By saddle point approximation Covariont derivatives
w ! _1 1,4 \A . 62L.y
My = 5 STrIn(A™ = X)), 0i A7 (P, M) — Xij(P. 1) = 57,67,

n=n
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Functional Matching

Functional matching relies ON teaning, Lo, Murayama [1412.1837]; Fuentes Martin, Portoles, Ruiz Femenia [1607.02142

eil'uv[ﬁ] = /'D'r] exp(//ddx £uv[n + ﬁ])

By saddle point approximation Covariont derivatives
w ! _1 1,4 \A . 62L.y
My = 5 STrIn(A™ = X)), 0i A7 (P, M) — Xij(P. 1) = 57,67,

n=n

The master formula for 1-loop matching: (evaluated with CDE) Cohen, Lu, Zhang [2011.02484]

/ddx Lo = éSTr In A~

har hard

i1 ,
d—EEESTr[(AX) ]

Log term
Power-type terms

STrEAM TRACER

Cohen, Lu, Zhang[2012.07851] Fuentes-Martin, Konig, Pag \ET, Wilsch [2012.08506
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Evanescent operators

Using 4-dimensional Fierz identities and gamma reduction for basis reduction
introduces evanescent contributions Buras, Weisz 00; Herrlich, Nierste [hep-ph/9412375
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Evanescent operators

Using 4-dimensional Fierz identities and gamma reduction for basis reduction
introduces evanescent contributions Buras, Weisz 00; Herrlich, Nierste [hep-ph/9412375

In d = 4 dimensions

[ £er o ClBL@Pa )@y )] = [£ar > —2Chst @) (")
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Evanescent operators

Using 4-dimensional Fierz identities and gamma reduction for basis reduction
introduces evanescent contributions Buras, Weisz 00; Herrlich, Nierste [hep-ph/9412375

In d = 4 dimensions
[ £er o ClBL@Pa )@y )] = [£ar > —2Chst @) (")
But the 1-loop effective action

e #
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Computing evanescent contributions

In d = 4 — 2¢ dimensions O(e)
Cf;jé(é_pfyuqt)(ﬂsfy“er) = —2Cﬁ7’jé(€_per)(c75qt) + C,‘;rjéE,”qrjé
But the 1-loop effective action — local
EI e R
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Computing evanescent contributions

In d = 4 — 2¢ dimensions O(e)
Cf;jé(é_pfyuqt)(ﬂsfy“er) = —2Cﬁ7’jé(é_per)(c75qt) + C,pqrjéE,”qrjé
But the 1-loop effective action — local
EI e R

For dimension-6 SMEFT, 6 covariant trace topologies contribute:

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

. 1

) 1

Anders Eller Thomsen (U. Bern) Functional Matching HEFT 2022



Matching Effective Theories Efficiently

EFT Lagrangian EFT Lagrangian
Fluctuation Operator

UV Lagrangian (partially simplified) (minimal basis)
Functional i ati Reduction of
methods 6 523 uv A X Idzr",ta'fﬁ::i'g: :f"d 1) redundant operators 1)
> == = DALX, —2 —_—
Loy [’711{’ '7L] U oy om; P70 “Supertraces (CDB) ZLrrr [”L] 1bP, Fierz identites, <5 [”L]
n=n Field redefinitions, .
\ Tree-level matching / :.'iF:n
EOM — fjy
THAACER
\ J

Fuentes-Martin, Konig, ““
Pages, AET, Wilsch [w.i.p.]
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Simplifications
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Simplifications

Operator
classes
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Simplifications
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Operator 1 1 1
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Matching with Matchete

1-loop matching of singlet extension of the SM:!
Lo = Lo+ 2(8,5)? — EM2S? — 225 S* — IAspy(HIH)S? — k (HTH)S,

at a scale Ms > vy

\ FIATCHETE |
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m Functional matching is well-suited for automatic matching

m Progress on the development of Matchete; work is being done on the
reduction to EFT basis

m Functional methods can be extended to B-functions and evanescent
contributions

\ FIATCHETE |
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Matchete demonstration (SM implementation)

Gauge Groups

DefineField[1, Fermion,
Indices + {SU2Le fund, Flavor),

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

Charges + {U1Y[-1/2]},
Chiral - LeftHanded,
Mass -+ 0]

pefineField[e, Fermion,
Indices -+ (Flavor),
Charges - {U1Y[-1]},
Chiral + RightHanded,
Mass -+ 0]

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

Fermions

Higgs

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

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)

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}]
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Matchete demonstration (SM implementation)

Lagrangian

L5M = FreelLag([] +
-u[)? BareH[i] -H[i] -
Al q 3 q q
TBareHU] H[i] <BareH[j] ~H[j] +
PlusHc [
-Yu[p, r] -CG[epse@SU2L, {i, j}]
BareHei Bareq[a, j, p] #+xufa, r]
-Yd[p, r] -Hei.Bareq[a, i, p] »xd[a, r]
-Ye[p, r] ~Hei Barel[i, p] »we[r]

1 // RelabelIndices;

Bern)

Anders Eller Thomsen (

For

£SM // NiceForm
=
Lo

4
wFHiH i (@R -y P - DLA*P) v i (8P .y, Pr - DueP) «
i (T v P DUP) 4 (@l v P - DugPP) &

1 1 1
~ :‘qu ~ wan + D,y D HT -

1
i (08 - v, Pr - DLU?P) - EAH, Fj H B -
¥d* H; (dg Pl g7?) - Ve R, (&P - 17P) -
YeP H' (T . Pp - e") - YdP H' (g . Pr- ") -
YuPr B (- Pe - u™) £ - VOPTHT (0D - P - 97P) =

Functional Matching
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Matchete demonstration (singlet extension)

Field

NP Lagrangian

DefineField[S, Scalar,
SelfConjugate + True,
Mass - Heavy)

New couplings

LNP = [FreeLagQS

ASH[]
2

AS
-2

4
2a U

DefineCoupling[ASH,
SelfConjugate - True]

DefineCoupling[As,
SelfConjugate + True]

DefineCoupling[x,
SelfConjugate -+ True]

Anders Eller Thomsen (U. Bern)

-x[] BareHei Hei

RelabelIndices;

BareHei - Heis[)?

S[1| +/

LNP // NiceForm

Form=

Functional Matching

1 i G 1
~ (Du8)* - _MsTS? - xHH' 5 _ ASHA; H' 5% -
2 2 2

HEFT

)
— a5s*
24
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Matchete demonstration (tree-level matchin

At tree level

LEFTO = Match[£UV, LoopOrder - 0] ;
LEFTO - £SM // RelabelIndices // NiceForm

Form=
1 l ol " " 1 l e " " 1 1 i o . 3
S = PH Ay H H - 2 asH = kP HyHy AR H R RS+ = = «?D,Hy DAy HI BT+
2 Ms? 2 Ms* 2 ms*

1 q A | S = 1l o ; .
S — PRy a0 E - S = R G D - S — o B By @00 [0
2 ms* 2 ms* 2 ms*

HcSimplifye@GreensSimplifye% // NiceForm

Form=
1 l R & " 1 l e & "
—_ < H; Hy H R - 2 ASH — x® H; H; Hy H' HI H< -
2 Ms? 2 Ms*
1 o e 5 : f 1 B N .
— x?H; DA H DM + [-= — x*H; Ay D’H' H) + H.c.
Ms* 2 mMs*
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Matchete demonstration (1-loop matching)

At loop level

(LEFT = EchoTiming@GreensSimplifye Match[.LUV]) // NiceForm

23.4272
eForm=
1 1 il i
- BHVZ _ = G2 _ = w2 4 (dB .y, Pr - D,d?") &P +
i (&P .y, Pr-Dye") &P +i (T - v, PL-D,1'") 6P +

: 1 1 e :
i (g0 - vuPL-D,0*'") 6P +i (U .y, Pr-D,u) P+ sl x? D?H; D*H' +

1, 1 1
(mh “h = (2MS k% + ASHMSE + 2 MS2 k2 1 + 2 k2 1) (1+Log[ﬂz @]]]

2 ms*
H-iH‘i+
(E (ikz—/\}JrEﬁ()SHzLog[ﬂli g Lo (4+3Log[ﬂ’iH+
2 |ms? 4 ms? ms® ms?
iL o ra 11\ i r- 11
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