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Inclusive Higgs Cross Sections

 [GeV] HM
100 200 300 400 500 1000

 H
+

X
) 

[p
b
] 
  
 

→
(p

p
 

σ

210

110

1

10
= 7 TeVs

L
H

C
 H

IG
G

S
 X

S
 W

G
 2

0
1
0

 H (NNLO+NNLL QCD + NLO EW)

→
pp 

 qqH (NNLO QCD + NLO EW)

→
pp 

 W
H (NNLO QCD + NLO EW

)

→

pp 
 ZH (NNLO QCD +NLO EW

)

→

pp 

 ttH (NLO QCD)

→
pp 

R. Harlander ( BU Wuppertal ) Inclusive Higgs Cross Sections January 2012 2 / 42



pp → t t̄H
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pp → t t̄H
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Discovery potential
Channel by channel
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Exclusion
Channel by channel
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t t̄H: Backgrounds at NLO

t t̄ j
[Dittmaier, Uwer, Weinzierl ’07],

[Kardos, Papadopoulos, Trocsanyi ’11],

[Melnikov, Scharf, Schulze ’11]

t t̄Z
[Lazopoulos, McElmurry, Melnikov, Petriello ’08]

t t̄ jj
[Bevilacqua, Czakon, Papadopoulos, Worek ’10]

t t̄bb̄
[Bredenstein, Denner, Dittmaier, Pozzorini ’09],

[Bevilacqua, Czakon, Papadopoulos, Pittau, Worek ’09]

. . .
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Inclusive Higgs Cross Sections
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Higgs Strahlung
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Higgs-Strahlung

pp → (H → bb̄) + (V → {µµ̄,eē, νν̄, µνµ,eνe})
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Tevatron exclusion
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Higgs Strahlung
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Higgs Strahlung
Top induced terms: WH
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Higgs Strahlung
Top induced terms: ZH
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Higgs Strahlung
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Inclusive Higgs Cross Sections

 [GeV] HM
100 200 300 400 500 1000

 H
+

X
) 

[p
b
] 
  
 

→
(p

p
 

σ

210

110

1

10
= 7 TeVs

L
H

C
 H

IG
G

S
 X

S
 W

G
 2

0
1
0

 H (NNLO+NNLL QCD + NLO EW)

→
pp 

 qqH (NNLO QCD + NLO EW)

→
pp 

 W
H (NNLO QCD + NLO EW

)

→

pp 
 ZH (NNLO QCD +NLO EW

)

→

pp 

 ttH (NLO QCD)

→
pp 

R. Harlander ( BU Wuppertal ) Inclusive Higgs Cross Sections January 2012 17 / 42



Weak Boson Fusion
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Weak Boson Fusion
H → ττ
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WBF: QCD+EW corrections
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WBF: BNLO corrections

gluon fusion/WBF interference
[Andersen, Binoth, Heinrich, Smillie ’07], [Andersen, Smillie ’08]
[Bredenstein, Hagiwara, Jäger ’08]

gluon induced WBF [R.H., Vollinga, Weber ’08]

part of NNLO

DIS-like NNLO (inclusive)

+ a few others [Bolzoni, Maltoni, Moch, Zaro ’11]

missing:
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WBF

σ (pb) at LHC
√s = 7 TeV
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Cross sections
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Gluon fusion
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Gluon fusion: search channels
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Gluon fusion: H → ZZ → 4l
High mass region
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Gluon fusion: H → ZZ → 4l
Low mass region
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Gluon fusion: H → ZZ → 2l2ν
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H → γγ
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H → γγ
exclusion limit
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Gluon Fusion

t
t

t

H

dominant production mode
sensitive to heavy particle spectrum
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Gluon Fusion

t
t

t

H

QCD through NNLO
[Spira, Djouadi, Graudenz, Zerwas ’95], [Dawson ’91],

[RH, Kilgore ’02], [Anastasiou, Melnikov ’02],

[Ravindran, Smith, v.Neerven ’03]

resummation of BNNLO effects
lnn(1− z) , z = M2

H/ŝ
[Catani, de Florian, Grazzini, Nason ’03], [Moch, Vogt ’05], [Idilbi, Ji, Yuan ’06],
[Ravindran, Smith, v.Neerven ’07]
(1− z)ŝ vs. M2

t vs. −M2
H

[Ahrens, Becher, Neubert, Yang ’09]

EW effects [Actis, Passarino, Sturm, Uccirati ’08], [Aglietti, Bonciani, Degrassi,

Vicini ’04] [Degrassi, Maltoni ’04], [Djouadi, Gambino ’94]

mixed QCD/EW effects [Anastasiou, Boughezal, Petriello ’09]

1/mt effects
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Convergence of 1/mt expansion at NNLO
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[RH, Ozeren ’09], [Pak, Rogal, Steinhauser ’09]

[RH, Mantler, Marzani, Ozeren ’09]
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Theory uncertainties

µ dependence (renormalization/factorization scales)

PDF uncertainties
parametrization
data
heavy quark effects
αs
. . .

mb(µ) vs. Mpole
b vs.. . .

finite width effects
. . .
combining errors
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Influence of theory errors

Impact of theory uncertainties

Combined limits with and without theoretical systematic uncertainties:

• at this stage: differences of 3 − 6% except for the very high mass range:
∼ 20% at 600GeV/c2 (from σH and mH shape)

Choice of data-driven
methods to constrain
uncertainties: how much
“data-driven” are they?

Theory uncertainties will
relatively play a bigger role
as statistics will increase!

Grégory Schott (KIT) Overview of Higgs Boson Searches in CMS 8 Dec. 2011 26 / 54
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Influence of central value
very roughly. . .
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Gluon Fusion
4th generation
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sensitive to heavy particle spectrum

σ
mt�MH→ π

256
√

2

(αs

π

)2
(

mt

)2

= 9
π

256
√

2

(αs

π

)2

NNLO: [Anastasiou, Buehler, Furlan, Herzog, Lazopoulos ’11]

EW: [Passarino, Sturm, Uccirati ’11], [Denner et al. ’11]
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Gluon Fusion
Supersymmetry
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’06], [Mühlleitner, Rzehak, Spira ’07/’08], [Aglietti, Bonciani, Degrassi, Vicini ’06],

[RH, Hofmann, Mantler ’11], [Degrassi, Slavich ’08/’10 + Bagnasci, Vicini ’11]
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H/A + bb̄

H

b

_
b

collinear logarithms: ∼ αs ln(mb/MH) ∼ αs ln(5/200)

resummation: bottom quarks as partons

b
_

b

H →

_

H

b

b
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pp → H + bb̄
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[RH, Kilgore ’03]

[Dittmaier, Krämer, Spira ’04]

[Dawson, Jackson, Reina,
Wackeroth ’04]

electro-weak:
[Dittmaier, Krämer, Mück,

Schlüter ’06]
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Santander matching
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[R.H., Krämer, Schumacher ’11]
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Conclusions

inclusive cross sections for Standard Model Higgs production
known through NNLO QCD + NLO EW (except t t̄H) + BNNLO
higlu, ggh@nnlo, bbh@nnlo, vh@nnlo, vbfnnlo, ihixs, . . .

strong influence on exclusion limits
uncertainties will be very important for measurements
most important BSM scenarios covered
Higgs physics could soon be precision physics!

R. Harlander ( BU Wuppertal ) Inclusive Higgs Cross Sections January 2012 42 / 42



Conclusions

inclusive cross sections for Standard Model Higgs production
known through NNLO QCD + NLO EW (except t t̄H) + BNNLO
higlu, ggh@nnlo, bbh@nnlo, vh@nnlo, vbfnnlo, ihixs, . . .

strong influence on exclusion limits

uncertainties will be very important for measurements
most important BSM scenarios covered
Higgs physics could soon be precision physics!

R. Harlander ( BU Wuppertal ) Inclusive Higgs Cross Sections January 2012 42 / 42



Conclusions

inclusive cross sections for Standard Model Higgs production
known through NNLO QCD + NLO EW (except t t̄H) + BNNLO
higlu, ggh@nnlo, bbh@nnlo, vh@nnlo, vbfnnlo, ihixs, . . .

strong influence on exclusion limits
uncertainties will be very important for measurements

most important BSM scenarios covered
Higgs physics could soon be precision physics!

R. Harlander ( BU Wuppertal ) Inclusive Higgs Cross Sections January 2012 42 / 42



Conclusions

inclusive cross sections for Standard Model Higgs production
known through NNLO QCD + NLO EW (except t t̄H) + BNNLO
higlu, ggh@nnlo, bbh@nnlo, vh@nnlo, vbfnnlo, ihixs, . . .

strong influence on exclusion limits
uncertainties will be very important for measurements
most important BSM scenarios covered

Higgs physics could soon be precision physics!

R. Harlander ( BU Wuppertal ) Inclusive Higgs Cross Sections January 2012 42 / 42



Conclusions

inclusive cross sections for Standard Model Higgs production
known through NNLO QCD + NLO EW (except t t̄H) + BNNLO
higlu, ggh@nnlo, bbh@nnlo, vh@nnlo, vbfnnlo, ihixs, . . .

strong influence on exclusion limits
uncertainties will be very important for measurements
most important BSM scenarios covered
Higgs physics could soon be precision physics!

R. Harlander ( BU Wuppertal ) Inclusive Higgs Cross Sections January 2012 42 / 42


