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I ZINTRODUCTION

(i) Standard Model

e Higgs potential:
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= one scalar Higgs boson

v=1/1/V2Gp ~ 246 GeV



e fermions [unitary gauge]:
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[0y = Weinberg angle]



e Mass generation:
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e couplings to gauge bosons V = W=*, Z and fermi-
ons:
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e direct search at LEP2:
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e triviality and vacuum stability:
d) 3
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e GUT: hierarchy problem

2 2 2 2
[quadratic divergence]

absorbed in counter term: M3 — Mz +AMzZ—3M%

= unnatural fine tuning [~ 28 digits]



(ii) MSSM
e SUSY: fermions «— bosons

e NO quadratic divergences
= solution to the hierarchy problem

AM% ~ (m? —m?)log— = m S O(1 TeV)
m

e SUSY-GUT: sin? @y = 0.2334 £ 0.0026  Langacker
LEP: sin?8y, = 0.2317 + 0.0002 LEP/SLC

e minimal model: 2 Higgs doubletts ¢1, oo
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ESB — 5 Higgs bosons:

h,H neutral, CP even
A neutral, CP odd
H* charged
LO: 2 input parameters: M4, tgh = z—f

1
My = S{Mi+ Mz+e

\/(MA + MZ+e)? — 4MAM§CQ,B 4€(M/213,(2-; + M3 ,3)}

e large radiative corrections:
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e modified couplings: Ca/$g | —Sa/Cp | 3p—a
H | sa/sg | ca/cg | cg—q
A | ctgp tgs 0

e Mixing: <Z>:<§Z Zia><gg>

e Yukawa couplings: tgs1 = ¢ ng gV¢
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e direct search at LEP2:
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e large M 4: h ~ Hg,s [decoupling regime]
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IT1 HZGGS BOSON DECAYS

(i) Standard Model

ne BR(H — bb) < 85%
gV BR(H — vt77) < 8%
BR(H — cc) S 4%
f BR(H — tt) < 20%
Braaten, Leyeille
QCD corrections large: ~ —50% Drees, Hlk:tsca
M3, W+, 7
o BR(H - WTW~) < 60 —95%
BR(H —» ZZ) < 30%
W-,Z
(00000 ¢
H=mm= 10 BR(H — gg) S 6%
Q. QQQQ g
Inami,. ..
QCD corrections large: ~ +70% S

etc.
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BR(H — vv,Z7) & 2% 1073
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(i) MSSM

e modification due to additional MSSM factors
= suppression of ¢° — VV,

e large SUSY—QCD corrections to ¢° — bb

Hall,. ..

b Carena,. ..

s mgutgs Nierste,. . .

h —==-- <~ 99 F--- X gm2 Hafliger,. . .
a b etc.

o »° — gg,vv,Z~: T,b loops
vy, Zv: HE, % loops

e new decay modes: H — hh,AA,ZA, A — ZH,
H* - W+ 4+ h/A

/h /H
/ /

/ /

/ /

H - - - < <« gauge couplings A - - -

\\
AN
AN

h YA

e new decay modes into SUSY particles: ¢ — XX, 4G
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SUSY Decays
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III HIGGS SEARCH © LHC

Higgs boson production in SM/MSSM:

e Gluon fusion: pp —gg — h/H/A

g “00000)

t.b,i,bd > === PO

S., Djouadi, Graudenz, Zerwas
g RQQQQJ Dawson, Kauffman

Harlander, Kilgore
Anastasiou, Melnikov

QCD corrections: ~ 10...100% F

e W/Z fusion: pp - W*W*/Z*Z* — h/H

q . .
W, Z
————— h, H
W, Z
. N N
QCD corrections: ~ 10% Han, Valencia, Willenbrock
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e Higgs—strahlung: pp - W*/Z* - W/Z + h/H

q W, 7

q ~h,H

QCD corrections: ~ 30% Han, Willenbrock

e Bremsstrahlung: pp — tf/bb+ h/H/A

7 t/b g > t/b
g \\
AN (I)O ______ (I,O
. /b g /b
] _ Beenakker,. ..
. C o~ (o) '
QCD corrections: tio : ~ +20% Dawson, . ..

bbo : ~ +(50 — 100)%

Dittmaier, Kramer, S.
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tthb [ttH — tibb]

Q*=m2, CTEQSL, p(b)>25GeV, INI<2.4, AR(b,b) < 0.4
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MSSM
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(i) Standard Model
e search strategy:

M S 140 GeV:H — vy

ttH — titbb

120 GeV < My S 200 GeV:H —» WW™ 5 ¢teup

[angular correlations]

Dittmar, Dreiner

140 GeV S My S 1 TeV:H — Z2Z™) 5 44+

[gold — plated]
H—WW — fvjyy
H—ZZ 0T v

= coverage of full mass range

5 0 SM Higgs Signals (statistical errors only)

i ILHC 14 TeV
o Signal with NLO

=
o
N

'
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P L]
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o

. . .
pp - H- 'y .

= pp - H- WW - Ivlv

e pp - H - ZZ - 111
pp - H- ZZ - llw

e qq - qqH - WW - Ivlv
I gqq - qqH - WW - 1vjj
qq - qq ZZ - I*l'vlv

Dittmar
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e accuracies: §My /My ~ 1073, 6T /I ~ 10%, ratios
of couplings: = 10%

S| < 2
=B 0°(H.2) 1 g°(H,W)
NNV 1_
Jo | —g*H,0) / g°(HW)
X L
I |
< Zo 8l
: without syst. uncertainty
06'_ ATLAS + CMS
‘ J-L dt=300 fb
i each
0.4
0.2
OIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III.-I_|III

110 120 130 140 150 160 170 180 190

m,, [GeV] Duhrssen
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(ii) MSSM

e coverage of full MSSM parameter plane
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IV HIGGS SEARCH @ LC

e Higgs boson production analogous to LEP2
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e discovery of Higgs bosons up to My S 0.7+/s
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= reconstruction from recoil mass
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e Mass. Mg < 50 MeV from Higgs-strahlung
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e Yukawa couplings: from branching ratios

o 1
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d 16" |
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5 T ';|_"' L L L L I e t
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e spin: threshold behaviour o(eTe™ — ZH) « g/11
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vV SUMMARY

e Higgs boson crucial ingredient of SM and MSSM
= Higgs boson searches belong to major endea-
vours at LHC and LC

e LHC will find at least one Higgs boson [light sca-
lar]

e profile of the Higgs bosons can be studied partially
@ LHC
— completed @ LC with much higher accuracy

e LHC: problematic distinction SM <« MSSM for
large M 4 — can be solved @ LC

= |We need both colliders

e Close collaboration of experimentalists and theo-
rists necessary
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