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with loop contributions

Grp ge! 1-loop examples
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Importance of two-loop calculations
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Global analysis within the SM
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before the top quark was discovered (< 1995):
Indirect mass determination = m; = 178 £8 f%g GeV

LEP + SLD + Colliders + vN Data
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top discovery: Tevatron 1995 m; = 180 & 12 GeV
today: m; = 173.2 £ 0.9 GeV



The way to the Higgs boson

development of bounds from direct and indirect searches
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Global fit to the Higgs boson mass
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The direct search for the Higgs boson

Higgs production at LEP:

excluded My < 114 GeV

Higgs production at the Tevatron:




Higgs production at the LHC
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Higgs boson decay channels

branching ratos BR(H — X) = L(H—X)
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! ! loop-induced (rare) decays



Events / 2 GeV

Events - Fitted bkg

=
1
2
2

400
300
200
100

R

-100

ISEERENRA L

10000 — T T T T T j—
r Selected diphoton sample T
8000 — e  Data2011+2012 ]
- Sig+Bkg Fit (mH=126.8 GeV) i
C ey mmeeeeees Bkg (4th order polynomial) 7]
6000 — ATLAS Preliminary ]
- = H-yy -
4000{— —
C Vs=7 TeV,ILdt =48f" N
2000— =
C Vs=8 TeV,ILdt =20.7 b .
500 = t t } } } —
0 ‘ Lo + 'y * 4 +
+‘T‘T 9 +T9+
-200
160

110 20

[N
o
o

130 140 50

=>5000
()

1.5G
N
o
o
o

3000

hted Events /

2000

g

Wei

—~1000
28]

S/(S+

(1T I T T T T I T T T T I T T T T I T T T T T T
- CMS Preliminary —4— Data
[ (s=7TeV,L=5.11"(MVA) ~— EIBFF;‘C t
i _ _ A gy Ut g Fit Componen
is=8TeV, L=19.6f" (MvA) — "7
[ +206

110 120 130 140 150
m,, (GeV)



Higgs decays into 4 fermions

also below V'V threshold with one or two V off-shell
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A Standard Model Higgs boson at the LHC?
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Landau pole

Higgs self coupling is scale dependent, A\(Q)

variation with scale () described by RGE
5 dA 3

L 2
solution:
B A(v) . B M]%{
N e T T e

diverges at scale () = A¢ (Landau pole)

A (4%21)2)
C = U €exp
3M2




self-coupling diverges at

A Amr?e?
= PV X
¢ P\ Bz

maximum Higgs mass by condition Ao > My

= Mgy < 800 GeV



vacuum stability

top-quark Yukawa coupling g; ~ m; contributes to the running Higgs
self coupling \(Q) through top loop  ~ g}

F

variation with scale () described by RGE

2 ﬁ _ 3 )\2 mél
dQ? — 4r2 g

approximate solution:

log Q
2724 v
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AMQ) = Awv)—

AMQ) <0 for @ >Ac — vacuum not stable

high value of Ax needs My large enough



combined effects, RGE in two-loop order:
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Instability scale in GeV
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