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What are we looking for?
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[Particle masses]
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[Higgs search at LEP]

® direct; e SN = My >114.4GeV

(E =205 GeV)

® indirect:
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Higgs search at LEP

® direct; e SN = My >114.4GeV

(E =205 GeV)
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Higgs search at LEP

® direct: My 2 114.4GeV
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[Particle masses]
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[Particle masses]
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Higgs Boson Branching Fractions
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[Tevatron Discovery Potential]

combined CDF /DO thresholds
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currently:

[Tevatron Discovery Potential]

combined CDF /DO thresholds
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Higgs search at the LHC

proton — proton collider

Robert Harlander — Finding the Higgs — p. 9



[Higgs search at the LHCJ

proton — proton collider

/e, up-Quark
/Q, down-Quark
/e/ strange-Quark
O Antiquark

e@qta Gluon

/ Spin 1/2

4 Spin1
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Higgs search at the LHC

proton — proton collider

~ 102
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* — gluon  MRST2002NLO
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Higgs search at the LHC

5.
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Higgs search at the LHC

gluon fusion
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[Higgs search at the LHC]
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Higgs search at the LHC

VBF Higgs Strahlung
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Higgs search at the LHC

VBF

q V
g N
Higgs Strahlung
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Diffractive Higgs Production
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Diffractive Higgs Production
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[Diffractive Higgs Production]

® signature: p & H & p (& = rapidity gap)

[Khoze, Martin, Ryskin]
[Boonekamp, de Roeck, Peschanski, Royon], ...
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Gluon Fusion vs. ttH

gluon fusion ttH
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Gluon Fusion vs. tt H

gluon fusion ttH
s> Mgy s>2my + My
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~ 102

xf(x,Q2

Gluon Fusion vs. ttH

gluon fusion
s> Mgy

Q2= 14400 GeVs+2
—— gluon  MRST2002NLO
weaa down MRST2002NLO
stronge  MRST2002NLO
.... bottom MRST2002NLO

>

ttH
5> 2my + My

=1 X285~ S
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Gluon Fusion vs. ttH

gluon fusion
s> Mgy
> 0.8-1072

~ 102

xf(x,Q2
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Cross sections
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Cross sections

T T T L LA L L L L L
102 L o(pp — H+ X) [pb] _
Vs=14TeV ]
10 L NLO/NNLO .
1 ¢
: See T
10 ¢ qq - Haq " -2
107 [ 9o/qq — ttH (NLO)
-3 I
F MRST
4 F
10 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
100 200 300 400 500 600 700 800 900 1000
M, [GeV]

Robert Harlander — Finding the Higgs — p. 14



Cross sections
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Gluon fusion: t:]>

® largest cross section
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Gluon fusion: :t:]>

® largest cross section
® g9— H— ZZ — 4. gold plated mode for My = 135 GeV
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Gluon fusion: zj>

® largest cross section
® g9— H— ZZ — 4. gold plated mode for My = 135 GeV

Z ut
i +
Z M
-
® sensitive to
t %\?
® new particles, e.g. supersymmetry: t BT -
t Vs
W

» top Yukawa coupling
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[Gluon fusion: }]

» hut:
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[Gluon fusion: ::]>]

® Dbut: gg — H — bb  not useful!
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but:
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Gluon fusion: t:]>]
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Gluon fusion: ::]>]

® Dbut: gg — H — bb  not useful!

® needtorelyon g9 — H — -~y at My < 135GeV

§ = bb 3
o -

m — —
= —dl

= 10 = —
(=Y9] = =
ot - ]
o=

S i |
= 107 R —=
[ae] = 3
=~ - -
[@a] - ]
g -

[75] 10_3 E =
DOJ = rr =
n B i
20

.S‘D 10—4 ! ! ! | | ! ! ! | ! ! | ! ! !

‘oo 40 80 120 180 200 240

Higgs Boson Mass [GeV /c?]

Robert Harlander — Finding the Higgs — p. 16



Gluon fusion: :t:]>

not useful!

» but;

® need torely on

g9 — H — bb
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Gluon fusion: :ij>

» hut: gg — H — bb  not useful!
® needtorelyon g¢gg— H — -~y at My < 135GeV

® phase space is a single point:  § = M%
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[Gluon fusion: :j>]

® Dbut: gg — H — bb  not useful!

® needtorelyon g9 — H — -~y at My < 135GeV

® phase space isasingle point: 5§ = M7

NLO: ::&l = phase space opens: 5§ > M?3!

= large radiative corrections expected
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Gluon fusion: zj>

» Dbut: gg — H — bb  not useful!
® needtorelyon g¢gg— H — -~y at My < 135GeV

® phase space is a single point:  § = M%

NLO: A::]:zl = phase space opens: 5§ > M?3!

= large radiative corrections expected
—  reliable result requires NNLO
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Gluon fusion: theory prediction
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o(pp — H+X) [pb] Vs=14TeV
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[Gluon fusion: theory prediction

o(pp — H+X) [pb] Vs=14TeV
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[Gluon fusion: theory prediction

o(pp - H+X) [ph] Vs=14TeV
. 1 [R.H., Kilgore "02]
1 [Anastasiou, Melnikov ’02]
[Ravindran, Smith
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[Resummation

K| MRST2002
- LHC

LO LL
0 o e e b b b bl oo b b b b bbbl
100 200 300 500 700 1000 200 300 500 700 1000
My (GeV) My (GeV)

[Catani, de Florian,
Grazzini, Nason (’03)]
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® clear signature:  bbbbW W —
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® clear signature:  bbbbW W —

® direct handle on top Yukawa coupling
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® clear signature:  bbbbW T W ~
® direct handle on top Yukawa coupling

® Dbut: rather small cross section
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© o o @

clear signature:  bbbbWW TV ~
direct handle on top Yukawa coupling
but: rather small cross section

Increased by QCD corrections?
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[Vector Boson Fusionj

® signature: two forward jets + Higgs
H—~vyy, H-—ttr=, H—-WW, H-—bb
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[Vector Boson Fusion]

® signature: two forward jets + Higgs
H—~vyy, H-—ttr=, H—-WW, H-—bb

® important for discovery ([Rainwater, Zeppenfeld "97], ...)
and study (e.g. couplings [Zeppenfeld et al.], [Dihrssen et al.])
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[Vector Boson Fusion]

signature: two forward jets + Higgs
H—~vyy, H-—ttr=, H—-WW, H-—bb

Important for discovery ([Rainwater, Zeppenfeld "97], ...)
and study (e.g. couplings [Zeppenfeld et al.], [Dihrssen et al.])

QCD corrections under control (and small)
[Han, Willenbrock *91], [Figy, Oleari, Zeppenfeld *03]
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[Higgs Strahlungj

q V
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Higgs Strahlung

® most important mode at Tevatron!
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[Higgs Strahlung]

® most important mode at Tevatron!

® ... butonly marginal importance at LHC
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Higgs Strahlungj

[Han, Willenbrock 90]
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Higgs Strahlungj

Sold— ~] [Brein, Djouadi, R.H. ’03]
[Han, Willenbrock *90]
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Higgs Strahlung]

q

T T T T 71 [Brein, Djouadi, R.H. ’03]
[Han, Willenbrock *90]
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[Higgs sector In SUSY]

(B < W,HAH' H)

& Mo < 130GeV

® modified couplings to SM particles (tan 5!)
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[Higgs sector In SUSY]

(B < W,HAH' H)

& Mo < 130GeV

® modified couplings to SM particles (tan 5!)

® implications for Higgs production:
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[Higgs sector In SUSY]

(B < W,HAH' H)

& Mo < 130GeV

® modified couplings to SM particles (tan 5!)

® implications for Higgs production:
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Example: “gluophobic Higgs”

[Djouadi *98], [Carena et al. "99]

t %s;f
t ——oH+ RPN Interfere destructively!
o(pp - h+X) [pb
100_'('pIF)'"'I')'[F')']I""I""I""I""
S USY, LO B
my = 200 GeV
' 60 |- p
mg = 1 TeV o M, LO
tang =10, a =0, ol ]
0 = %
20__ Sy _
LHC  Ttteelll : _
0300 400 500 600 700 800 900
m—t~ [GeV]
2
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[Example: “gluophobic Higgs”j

[Djouadi *98], [Carena et al. "99]

100 _' rprrTp T T T T
N USY, LO i
m; 200 GeV I ]
mgz = 1TeV 60.: ........ M, LO g
tan3 =10, a=0, ol
thg S
20 e )
CLHC  Ttteellll _
R L . v%%eeq,
0 300 400 500 600 700 800 900
m—t~[GeV]
2
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Example: “gluophobic Higgs

[Djouadi *98], [Carena et al. "99]
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1 Y\
N N 2 v h
1

,1_; V,1,-f‘
ssssss st
[R.H., Steinhauser *04]

100_
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bb — H in SUSY

® modified Yukawa couplings in SUSY: Ab _ M w0 - tan (8
)\t my Uy z
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bb — H in SUSY

® modified Yukawa couplings in SUSY: Ab _ M w0 - tan (8
)\t my Uy z

® collinear logarithms: ~ asIn(my/Mpg) ~ agIn(5/200)
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bb — H in SUSY

® modified Yukawa couplings in SUSY: Ab _ M w0 - tan (8
)\t my Uy z

_|_
® collinear logarithms: ~ o In(my /M) ~ asIn(5/200)

® resummation: bottom parton densities
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pp — H + bb

103

o(pp -
Vs =14 TeV

bbh + X) [fb]

= (2m, +M,)/4

lllllll

. 7/, bb. h(NNLO)
10 £ gg- bbh(NLO)
: PR T TR TR (T SR TR TR T HT SR SN ST U SN SN SR ST S N TR S S T
100 150 200 250 300 350
M, [GeV]

® bb— H:[RH, Kilgore 03]
® 99— bbH': [Dawson et al. *04],

[Dittmaier et al. ’04]
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[What | could not talk about. .. ]

(backgrounds)

differential vs. inclusive cross sections

# Dbehavior of QCD corrections?

# most recent development: NNLO Monte Carlo for gg — H
[Anastasiou, Melnikov, Petriello *04]

technical developments(!)

charged Higgs bosons
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Summary

® main Higgs production modes at LHC:

q \
W (+ diffractive)
q “H
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°

Summary

main Higgs production modes at LHC:

necessary for Higgs studies

theory predictions under good control
—  triggered many important technical developments

supersymmetry: much wider field,
but many results remain valid

Robert Harlander — Finding the Higgs — p. 29
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