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e A simple model: SM extended by a heavy scalar S
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Introduction SM as effective theory

e quarks, leptons, SU(3)¢, SU(2)., U(1)y

e Goldstones p?, U = exp(2i0*T* /v)

e light Higgs h
U — g Ugh. h—sh, gr.r € SU(2)L

relation to Higgs doublet:

~

(®,®) = (v+h)U
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SM Lagrangian h couplings
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Loy = —§<GWG“”> — §<WWWW> — ZBWBW + Vi Py
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— [qYuUP+T (1 + —) + h.c. + .. ]

U

o U = exp(2ip*T*/v)

e Lqs, renormalizable
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LO Lagrangian Anomalous h couplings

1 1 1 _
Lro = —§<GWG“”> — §<WWW‘“’> — ZBWBW + Vi Dy
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+UZ (D, U'D"U) <1+F1 + F (—) +>
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(Y (V) (Y

@) R h n
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o U = exp(2ip®T*/v), F, — Fysu ~ & = 0%/ f? etc.

e Lo non-renormalizable, cut-off A = 4rn f — EWyL
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EW L Basic assumptions

e particle content of SM, mass gap
gauge bosons and fermions weakly coupled to Higgs dynamics

e symmetries: SM gauge symmetries
conservation of lepton and baryon number
conservation at lowest order of custodial symmetry,

CP invariance in the Higgs sector, (fermion flavour).

e power counting by chiral dimensions < loop expansion
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Loop counting = chiral counting

Urech; Knecht, Neufeld, Rupertsberger, Talavera; G.B., Cata, Krause

chiral dimensions: (AL, 0, h]e=0,  [04, 9y, Y] =1
loop order: 2L + 2 = % (chiral dim.)
examples:
m; = \v? g_’ ;
>
= [Lrole = 2, INLO]. =4 (local terms; D™, n > 0)

UhD*, ¢*X?Uh, ¢XUhD? y**UhD, wy*UhD? vy*y*Uh
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Applications

h — Z0T0

h = vy
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Singlet model Definition

L = (D"®)Y(D,®) + 0"59,S — V(®,S)

)\1 )\2 )\3

2 2
V(d,S) = —ote - 1262 1 Mpte)? 4 TS5ty Selest
2 2 4 2
h 0 s+ h
<I>:U+ LU : S:U+2, P =v* 40
V2 1 V2
h | cosx —siny hy
H siny  CosY ho
Vv? 5
m, v, M, €= 2 w = sin” y ~ SO(5)
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Singlet model Scales

M A A A
f
v
singlet model linear EFT nonlinear EFT

coupling V/\: O(1), weak O(4r), strong

N2M2 V?
N pTe
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Singlet model, strong coupling Integrating out A

Lhn = %(%h@“h + %aMH@MH — V(h, H)

2 9 9 2 2 2
+ %(DMUTD“W (1 S CH SR gy EhH)

v v V2 V2 V2

— v (GY UPr + qY;UP_r + 0Y.UP_n + h.c.) [1 +Sha fH}
v v

e.0.m. : (—0% — M? 4+ 2Jo)H + J, + 3JsH? + 4J,H® = 0

H = Hy+ H + Hy+ ..., H, = O(1/M*)
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Singlet model Nonlinear EFT

Ji = M2JO(h) + J,

O(M?) : J) + (=1 +2J)Hy + 3J3Hy + 4J)Hy = 0
solution : Hy(h) = Z rih"
k=2

e integrating out H at strong coupling M > f ~ v
e nonlinear EFT from a simple model

e governed by chiral dimensions

e similar for 2HDM

e /> v — transition to SMEFT
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Summary EW L

e natural framework for anomalous Higgs couplings

e toy model: SM + heavy singlet

e consistent EF T, systematic improvement possible

e well adapted to LHC precision

e supersedes r-framework
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BACKUP: Higgs-pair production in gluon fusion
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Grober, Muhlleitner, Spira, Streicher

Borowka, Greiner, Heinrich, Jones, Kerner, Schlenk, Zirke

G.B., Capozi, Celis, Heinrich, Scyboz
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BACKUP: gg — h

(a)

(d) () (6666 (f) (9)

E%) : : (2) :ég (3)
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