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QCD

Fritzsch, Gell-Mann 1972; Fritzsch, Gell-Mann, Leutwyler 1973:

“It is pointed out that there are several advantages in abstracting
properties of hadrons and their currents from a Yang-Mills gauge model

based on colored quarks and color octet gluons.”

L =—qVa(0n — igBaaxa) + M|q+ Lp(Yang — Mills)

u
dL.R = global SU(Q)L X SU(Q)R%SU(Q)V

d L,R
light pions U = exp(2:¢11/ f,): YPT at £ < 4nf, ~ 1GeV

Weinberg; Gasser, Leutwyler
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Higgs resonance

EWSB
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Events - Fitted bkg

8000 e  Data2011+2012 _
SM Higgs boson mH=126.8 GeV (fit)
--------- Bkg (4th order polynomial)
6000
4000
(s=7TeV ILdt -48f0"
2000
ls=8 TeVILdt =207

=N WA
8888 E
Wﬂwlllllllllllllllllll
——
——
L u
—e—
o—
+&>‘ |
o
——
.
-4
L o 4 u
o
>
lo-
o
-
—o
o
Pt \if III|III|III|III|III|
=]

-
=
(=]
o
|
(=]
W
(=]
N
o
|
(=]

no other new particles so far; m;, < A

— Effective Field Theory

G. Buchalla

Oberwolz 2023
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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

1 1 1 -
Loy = —§<GWG“”> — §<WWWW> — ZBWBW + Vi Py

2
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. h
— [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 _
Lro = —5{GuwG") = S(WuW") = 2B B" + i Py

1
2 4

2 h A 2

+UZ (D, U'D"U) <1+F1+F2 (—) +>

(V) (V)

1 2 3 4
+50,h0"h — o' (vz (@> + Vs <@> +V, (@> + . >
(Y (V) (Y

@) R h n
—v | @V, MUPr (;) +he +...
| n=0

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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One-loop renormalization and RGE

eiSeff ~ /‘dgpz dX d>—< eide33£2(SOi7X7>_()

NLO counterterms: G.B., Cata, Celis, Knecht, Krause; Alonso et al.
super-heat-kernel expansion: Neufeld, Gasser, Ecker

hV'V coupling F:

Fy () Fi(v)
2 2
(

F
12v) + (4F, — F2)0.125 i<
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Applications

h — Z0T0

h =y

o o ot
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Higgs coupling fit

ATLAS/CMS /Tevatron
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Higgs-pair production in gluon fusion

Grober, Muhlleitner, Spira, Streicher

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

G.B., Capozi, Celis, Heinrich, Scyboz
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Summary EW L

e natural framework for anomalous Higgs couplings

e consistent EF T, systematic improvement possible

o well adapted to LHC precision with 300 fb~! (Run 2 and 3)

e QFT justification of xk-framework
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BACKUP: LO couplings

h h
N V h \\ f \\ /
z ﬁi s < 3
/ V / f/ / N
h h h
: ‘i: : 'iv ; IS:W
’ g ’ Y s 7

h B _
L =2y (m%VWJW_“ + %mQZZMZ“) — — ¢ ytth — cpypbbh — c .y, 7Th
v
e h g* h
Frpu Y — Cg{GuG")—
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BACKUP: Loop vs. dimensional counting

AN=Arnf

f f(d_4)/2 d

U

¢ 9 0 e e
AN

2 AN

" e e o @
AN

£ = ;ﬁ—z — dim. exp.

N\ AN
1 f2 § 6
T N loop exp. ‘\ ‘\ ‘\ )
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BACKUP: gg — h
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