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Yesterday: Standard Model Higgs Theory

® Brief SM introduction

® Symmetry breaking: Masses and Goldstone modes

® The role of the Higgs boson

® The SM Higgs sector

Today: Higgs Phenomenology at the LHC

® Higgs decays
® Higgs production
® Higgs properties
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Yesterday: Standard Model Higgs Theory

® Brief SM introduction
® Symmetry breaking: Masses and Goldstone modes
® The role of the Higgs boson

only about EW
® The SM Higgs sector

Today: Higgs Phenomenology at the LHC
® Higgs decays
® Higgs production

mostly about QCD
® Higgs properties
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RWTH important Couplings

Tree-level couplings:
® {0 gauge bosons and fermions

W.Z 2 ¥

M mf

T e
W, Z /

= all couplings proportional to mass
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RWTH important Couplings

Tree-level couplings:
® {0 gauge bosons and fermions

W, 7 2 ¥

M my

H{ x i H< * T
W, Z f

= all couplings proportional to mass
® with more than one Higgs

He W2 | CH . H- H
AN It/i 7/ !\{i AN / [\/1
){:: X—= H--< o2 X O

—5
H g

W, Z “H H-~ - H

= hard to access at the LHC
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RWTH important Couplings

Tree-level couplings:
® {0 gauge bosons and fermions

W, 7 2 ¥

M my

H{ x i H< * T
W, Z f

= all couplings proportional to mass

Loop-induced couplings:
® to gluons and photons

q & f " WY
H---< 1q Ho- o | f H W
4 g ! v, Z Wy 7

from above: q = f = top most relevant in the SM
and extremely important at the LHC
- — The SM Higgs — Alexander Muck —p.3/ 29




RHEINISCH-
WESTFALISCHE

TECHNISCHE »
HOCHSCHULE

AACHEN

RWTH Theory Predictions

In the SM everyhing is calculable. ..

® precision predictions needed for all production and
decay modes at the LHC

® as a function of My, now focussing at M = 125 GeV
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RWTH Theory Predictions

In the SM everyhing is calculable. ..

® precision predictions needed for all production and
decay modes at the LHC

® as a function of My, now focussing at M = 125 GeV

® higher-order corrections: NLO and NNLO QDC, NLO
EW, resummation, NLO parton shower matching, etc.
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RWTH Theory Predictions

In the SM everyhing is calculable. ..

® precision predictions needed for all production and
decay modes at the LHC

® as a function of My, now focussing at M = 125 GeV

® higher-order corrections: NLO and NNLO QDC, NLO
EW, resummation, NLO parton shower matching, etc.

® dedicated effort of theory and experiment:

LHC Higgs Cross Section Working Group
® https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
® Yellow reports: arXiv:1101.0593 and arXiv:1201.3084
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RWTH Higgs Decays

Decay channels:

f
<
f

= decay into heaviest accessible fermion (Mg > 2my)
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RWTH Higgs Decays

Decay channels:

b,77,...

H<
b,rt,... for Mg ~ 125 GeV
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RWTH Higgs Decays

Decay channels:

b, 7~

W, 7
e
b, 7t W2 for My ~ 125 GeV

at least one 7, W off-shell
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RWTH Higgs Decays

Decay channels:

b, 7~

W, Z
b, 7+ W, 2 decay into 4 fermions

- — The SM Higgs — Alexander Mick — p.5/ 29




RHEINISCH-
WESTFALISCHE
TECHNISCHE
HOCHSCHULE
AACHEN

RWTH Higgs Decays

Decay channels:

b77_— W 7 t g ‘\/\/\/\',y
H< Ho Ho o« 1t Hoo 6w
b, 7+ e g oy

loop-induced decays
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RWTH Higgs Decays

Decay channels:

W, 7 e
H< H oo H- W
— ~.\/\/\/¥/y

® calculate partial widths

® calculate resulting branching rations

(i.e. fraction of decays to a given final state)
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RWTH Higgs Decays

Decay channels:

H--- H---- H--- t H---« t,W
W, Z t

+ g Ty

S B 3z g !

E ™ 12 8

g / 2z 47 2

£ 2 £
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M, [GeV] M, [GeV]
- [ | Ine SV Higgs — Alexander Muck — p.5/ 29

8\5




RHEINISCH-
N

AACHEN

RWTH Higgs Decays

® many Higgs decays (= couplings) accessible
at My = 125 GeV

® measurements depend strongly on production mode

- — The SM Higgs — Alexander Mick — p.6/ 29




RHEINISCH-

WESTFALISCHE
HOCHSCHULE

AACHEN

RWTH Higgs Decays

® many Higgs decays (= couplings) accessible
at My = 125 GeV

® measurements depend strongly on production mode
® extremely narrow resonance: I'y =4 MeV  at 125 GeV

S0 st
& 12 ® way below experimental
LT 10%¢ / / : P
: / 12 resolution
10¢ ) . .
: / 1 ® narrow width approximation
1: E .
: / | applicable
10" / . (uptoalittle twist)
10'2/
100 200 300 500 1000
M, [GeV]
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RWTH Predicting branching ratios

Calculate

® partial widths for each decay: I'l' = T'(H — 1)
using available tools:

® HDecay for all decays but H - WW /ZZ  (all avail. corr.)

Djouadi, Kalinowski, Mihlleitner, Spira

® Prophecy4F for H - WW /ZZ — 4f  (NLO Ew and QCD)

Bredenstein, Denner, Dittmaier, AM, Weber
o otal width: TH" =35" T3  (from all (relevant) decay modes)
® branching ratio: BR(H — ¢) = I'}t/TH
® > .BR(H — ¢) = 1 induces correlations for BRs
® uncertainties in any I'}! affect all BRs

- — The SM Higgs — Alexander Muck —p.7/ 29
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RWTH Predicting branching ratios

Partial widths for 4f final states from ProphecyA4f:

Proph.
F4Jf°p = Tnowrwroar +aszxzxsar + 'ww/zz—int.
Pnowsw*—ar = 9- FH—H/ee"',u_DM + 12 FH—H/ee"'dﬁ +4- Ty udse
P'nozezx—sar = 3 -THowevero, T3 Thse—otp—pt 9 Tu ooppt
+3- FH%VeDeVeﬂe +3- PH—)e_e+e_e+
+6- 1_‘H—>Ve77e11171 +9- FH—H/eDeda +6- 1ﬂH—)uﬁe_e"‘ +9- FH—)d(_ie_e‘|'
+1- FH—>uﬁc€ +3- FH—>das§ + 6 - FH—>uﬁs§ +2- FH—>uﬁuﬁ
+3-I'y_a4dad
FVVVV/ZZ—int. = 3 I‘H—H/ee"‘e_ﬂe —3- PH—)VeDe,uJ_/Jﬂ‘ —3- FH—)Vee‘|‘,u_Du
_|_ 2 - FH—>u(_1d1_1 — 2. FH—)UL_IS§ -2 FH—)UC_ISE
. Ve Ve
¢ all off-shell effects included W ot Z 7.
. . Ho Hoo
® all interferences included e~ . e~
v et
e
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H = FITT (I=ep)

p
E 3
& )
& 09f _
T i )
> -
o H — eteete ]
T o8} -
3 ]
£ 0.7 _
- 100 200 300 400 7000
M, [GeV]
. Ve
® all off-shell effects included W< ot
. . Ho
® all interferences included e
Ve

RWTH Predicting branching ratios

Partial widths for 4f final states from ProphecyA4f:

Ve
Z 7
o
Z +
€
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RWTH uUncertainties

® unknown higher-order corrections: Theory Uncertainty

partial width QCD electroweak (EW) total

H — bb/cc ~ 0.1-0.2% ~1-2% for Mz S 135 GeV  ~ 12%
H— 77 ~ 1-2% for My S 135 GeV  ~ 1-2%
H— gg ~ 10% ~ 1% ~ 10%
H — vy < 1% < 1% ~ 1%
H—4f ~ 0.5% for My < 500 GeV  ~ 0.5%
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RWTH uUncertainties

® unknown higher-order corrections: Theory Uncertainty

® errors from input parameters: Parametric Uncertainties
at the percent level

M, = 1.42 £ 0.03 GeV
My, = 4.49 + 0.06 GeV
Aa(Mz) = 0.119 =+ 0.002
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RWTH uUncertainties

® unknown higher-order corrections: Theory Uncertainty

® errors from input parameters. Parametric Uncertainties
at the percent level For My ~ 125 GeV:
® BR = (H — bb)
PU from M., ag: 1% each
TU: 1%, total uncertainty 3%
® BR(H — WW, ZZ), BR(H — ),
BR(H — [1)

PU: 2.5%
TU: 2—4%, total uncertainty 5—6%

LHC HIGGS XS WG 2011

Y4

j

Higgs BR + Total Uncert
Q
|

-

107 E _
: 1 (indirectly via I'(H — bb))
/ - 4 ® BR(H — c0):

10° =900 120 o 160 180 . 200 PUfrom M, ag: 6% each

MGV TU: 4%, total uncertainty 12%
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RWTH Higgs Production

Production processes at the LHC.:

® gluon fusion
® vector-boson fusion (VBF)
® Higgs strahlung (WH/ZH)

® associated production with a top-quark

- — The SM Higgs — Alexander Miick — p.10/ 29




RHEINISCH-
WESTFALISCHE
TECHNISCHE H
HOCHSCHULE

AACHEN

RWTH Higgs Production

Production processes at the LHC.:

t
t o
t H
T T T T T T T T ] g 102 E T T T T T T T T T T E g
) Ns=7Tev 18 g F Ns=8TeV 72
—10 =z - 18
X 1 X 0L :
+ 1= 1 10g -
: T tF ]
g1 ERNC !
© . © 1= E
101 = B i
: 101 =
107 Z
1 1 1 1 1 1 1 1 10—2 E_I 1 I 1 1 1 1 1 1 1
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RWTH Gluon Fusion

® |argest cross section (by factor 10)

6. b
®~20pbatys=8TeV (mg=125Gev) t,b "
t,
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RWTH Gluon Fusion

® |argest cross section (by factor 10)

t,b
®~20pbatys=8TeV (mg=125Gev) t,b .-
t,
® dominant top loop

(large top Yukawa-coupling)
(small contribution from bottom loop)
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RWTH Gluon Fusion

® |argest cross section (by factor 10)

t,b
®~20pbatys=8TeV (mg=125Gev) t,b "
t,
® dominant top loop

(large top Yukawa-coupling)
(small contribution from bottom loop)

® large gluon luminosity at the LHC
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RWTH Gluon Fusion

® |argest cross section (by factor 10)
®~20pbatys=8TeV (mg=125Gev) t,b

® dominant top loop
(large top Yukawa-coupling)
(small contribution from bottom loop)

® large gluon luminosity at the LHC

® only Higgs decay products to tag
e H — bb impossible
®*H—>vy (BR2x107?)
*H - WW/ZZ — 4 leptons  (small V' — 2I)

®*H 77

- — The SM Higgs — Alexander Miick — p.11/ 29
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RWTH Gluon Fusion

Cross section Is crucial input
® huge theoretical challenge

® | O already loop-induced

® large higher-order QCD corrections

j> + :ib

® O(100%) correction at NLO
® still large scale variation at NLO
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RWTH Gluon Fusion

Cross section Is crucial input
® huge theoretical challenge

® | O already loop-induced

® large higher-order QCD corrections

R R

® O(100%) correction at NLO
® still large scale variation at NLO
® full NNLO too difficult
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RWTH Gluon Fusion

effective theory approach:

B X

lmt—>oo (my > My)

>

® derive eff. interaction: Ly, = 3= F4 Forv i
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RWTH Gluon Fusion

effective theory approach:

B X

lmt—>oo (my > My)

1}.

® derive eff. interaction: Lpg, = 2 Fo Forv 4 Loe 4 )

(including higher order corrections)
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RWTH Gluon Fusion

effective theory approach:

B X

lmt—>oo (my > My)

SRR E}

® derive eff. interaction: Ly, = 5= F Forv (14 B2 4

® calculate K-factor in effective theory
(soft-collinear gluons do not resolve top-loop)
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Y ——
RWTH Gluon Fusion

effective theory approach:

SR N

>

® derive eff. interaction: Ly, = 5= F Forv (14 B2 4

lmt—>oo

L %

® calculate K-factor in effective theory

(soft-collinear gluons do not resolve top-loop)

® use full LO M} dependence (small error for My ~ 125 GeV)

— The SM Higgs — Alexander Miick — p.13/ 29




RHEINISCH-
WESTFALISCHE
TECHNISCHE H
HOCHSCHULE

AACHEN

Higher-order QCD corrections:
® full NLO

® NNLO
(as expansion for M; — o)
(matched with § — o0)

K = 2o 9

OLO

® soft-gluon resummation
to NNLL: 6—9%

leading soft contribution to
NNNLO in limit M, — oo

RWTH Gluon Fusion

Graudenz, Spira, Zerwas '93
Djouadi, Graudenz, Spira, Zerwas '95

Harlander, Kilgore '01,02

Catani, de Florian, Grazzini '01
Anastasiou, Melnikov '02

Ravindran, Smith, van Neerven '03, '04
Anastasiou, Melnikov, Petriello '04
Catani, Grazzini '07

Marzani et al. '08

Harlander, Ozeren '09

Pak, Rogal, Steinhauser '09

Catani et al. ‘03, Moch, Vogt '05
Laenen, Magnea '05; Idilbi et al. '05
Ravindran '05,06;

Ravindran, Smith, van Neerven '06
Ahrens et al. '08
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RWTH Gluon Fusion

Moch, Vogt '05

80 —
\ 6(pp — H+X) [pb]
60 - ™ My = 120 GeV
:_ ....... N e |
40 -_.... ~ - X e :
_ NLO ]
20 Tl §
- —— NLO,,., Lo
——= N2LO " A \/g — 14 TeV
0 _ | _
0.2 0.5 1 2 3
l'Lr/]‘vIH

residual scale uncertainty: ~ 5—10%
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RWTH Gluon-Fusion

EW corrections
® full NLO (2-loop) EW corrections

9

Actis, Passarino, Sturm, Uccirati '09
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RWTH Gluon-Fusion

EW corrections
® full NLO (2-loop) EW corrections

2.7

pp - H+X  Vs=14TeV
MRST 2002

2.6

2.5
2.4
2.3

K factor

2.2
2.1
2

NNLO QCD — — -
NNLO QCD + NLO EW ——

1.8
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
My [GeV] My [GeV]

Actis, Passarino, Sturm, Uccirati ‘09
® non-trivial threshold behaviour inside loops (WW,ZZ,tt)

= complex-mass scheme at two loops

1.9

® . 5% correction for My = 125 GeV
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RWTH Gluon-Fusion

EW corrections
® full NLO (2-loop) EW corrections

® mixed O(aa,) corrections (light fermion loops)

Anastasiou, Boughezal, Petriello’11

W, Z
H
A _— e — —
g A

= effective theory approach

(corrections to Wilson coefficient
In effective ggH coupling)

= same philosophy like for QCD corrections

I ] —1 The SM Higgs — Alexander Miick — p.16/ 29
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RWTH Gluon-Fusion

EW corrections
® full NLO (2-loop) EW corrections
® mixed O(aa,) corrections (light fermion loops)

Anastasiou, Boughezal, Petriello’11

LHC

~ 5% correction at My =125 Ge\

. supports factorization
o =~ of EW and QCD corrections

of — NNLO, Cyy =-10
T NNLO, Cyy =10
NNLO CF

1 1 1 1 1 1
110 120 130 140 150 160 170 180
my, [GeV]
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RWTH Gluon Fusion

Error estimate by the LHC Higgs XS WG ("11)

® missing QCD corrections (scale uncertainty)
~ 8% for My = 125 GeV

® PDF + a4 uncertainty (PDF4LHC recipe)
~ 7% for My < 300 GeV
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RWTH Gluon Fusion

Error estimate by the LHC Higgs XS WG ("11)

® missing QCD corrections (scale uncertainty)
~ 8% for My = 125 GeV

® PDF + a4 uncertainty (PDF4LHC recipe)
~ 7% for My < 300 GeV

® \/. — oo approximation for NNLO corrections
~ 1% for My < 300 GeV

® missing EW corrections
~ 1% for My < 300 GeV

® input value for M/, :
~1-2%
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Error estimate by the LHC Higgs XS WG ("11)
® missing QCD corrections (scale uncertainty)

~ 8% for My = 125 GeV

® PDF + a4 uncertainty (PDF4LHC recipe)

~ 7% for My < 300 GeV

® \/. — oo approximation for NNLO corrections

~ 1% for My < 300 GeV

® missing EW corrections

~ 1% for My < 300 GeV

® input value for M/, :

~1-2%

= o = 19.5 pb at /s = 8 TeV with error £14.7%

— The SM Higgs — Alexander Miick — p.17/ 29
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~ 8% for My = 125 GeV

Y ——
RWTH Gluon Fusion

Error estimate by the LHC Higgs XS WG ("11)
® missing QCD corrections (scale uncertainty)

® PDF + a4 uncertainty (PDF4LHC recipe)

~ 7% for My < 300 GeV

® \/. — oo approximation for NNLO corrections

~ 1% for My < 300 GeV
® missing EW corrections
~ 1% for My < 300 GeV
® input value for M/, :
~1-2%

not mentioned here: efforts on differential predictions
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RWTH Gluon Fusion

The complete picture:

combining production and decay, sighal and background

A Y

® a crucial issue for a heavy SM Higgs (= large width)
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RWTH Gluon Fusion

The complete picture:
combining production and decay, sighal and background

® a crucial issue for a heavy SM Higgs (= large width)

® V[ = 125 GeV makes live easier

e still sizeable amount of off-shell Higgs (and interference)
Inpp — WW — [5lty, Kauer, Passarino '12
off-shell Higgs < off-shell W (M~ cut helps)

- — The SM Higgs — Alexander Miick — p.18/ 29
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RWTH Vector-Boson Fusion

® sizeable fraction of inclusive
Higgs production

®~ 1.5pbat./s=8TeV (my=125Gev)

® special kinematics:
forward and backward tagging jets = VBF signal

® powerful cuts for background suppression

ijj > 4, Yi1 - Yo < 0 (pT.; > 20 GeV, |y,| < 4.5)
Forward Higgs
tagging Decay
jets

- — The SM Higgs — Alexander Miick — p.19/ 29
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RWTH Vector-Boson Fusion

® sizeable fraction of inclusive
Higgs production

®~ 1.5pbat./s=8TeV (my=125Gev)

® special kinematics:
forward and backward tagging jets = VBF signal

® powerful cuts for background suppression

Ay >4, yj1 - Yo <0 (pr.; > 20 GeV, |y;| < 4.5)
® I — bb still impossible
*H — vy, 77, WW
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RWTH Vector-Boson Fusion

® sizeable fraction of inclusive
Higgs production

®~ 1.5pbat./s=8TeV (my=125Gev)

® special kinematics:
forward and backward tagging jets = VBF signal

® powerful cuts for background suppression

Ay >4, yj1 - Yo <0 (pr.; > 20 GeV, |y;| < 4.5)
® I — bb still impossible
*H — vy, 77, WW

® measure HWW and HZZ couplings in production
® investigate non-standard couplings

- — The SM Higgs — Alexander Miick — p.19/ 29
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RWTH Vector-Boson Fusion

pp—>H]] qzq q>€q qu
VBF cuts on jets: a — — a

® reduce background
® separate from gg — Hj In gluon fusion (5% after cuts)

® s-channel and interferences negligible
(DIS? like process)

- — The SM Higgs — Alexander Miick — p.20/ 29
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RWTH Vector-Boson Fusion

pp—>H]] qzq q>€q qu
VBF cuts on jets: a — — a

® reduce background
® separate from gg — Hj In gluon fusion (5% after cuts)

® s-channel and interferences negligible
(DIS? like process)

Higher-order corrections:
® QCD corrections small (< DIS? like process)
® EW of the same size (5—10%)
® assume factorized corrections: ¢ = oxnLo(1 + dgw)

® PDF + o error dominant: £3% My = 125 Gev)
) = The SM Higgs — Alexander Miick — p.20/ 29




RHEINISCH-
WESTFALISCHE
HOCHSCHULE

AACHEN

RWTH Vector-Boson Fusion

® NNLO QCD corrections: VBF@NNLO

Bolzoni,Maltoni,Moch,Zaro '10

® for total cross section
® QCD under excellent theoretical control at the 1% level

o(pb)atLHC -~ LO
Vs =7 TeV === NLO

structure function
approach (— DIS?)

[ scale choice:
Q/4 < pg,ue < 4Q

]
=

10

1.08 E
1.04 E

1
0.96

0-92) 05 150300 250 300 350 400 450 500

m,(GeV)
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RWTH Vector-Boson Fusion

® NNLO QCD corrections: VBF@NNLO

® for total cross section
® QCD under excellent theoretical control at the 1% level

® differetial NLO QCD+ EW corrections

® VBFNLO
s-channel and interferences neglected

EW corrections in the MSSM
many additional features

® HAWK
no kinematic limitations (s-channel and interferences included)
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RWTH Vector-Boson Fusion

® NNLO QCD corrections: VBF@NNLO

® for total cross section
® QCD under excellent theoretical control at the 1% level

® differetial NLO QCD+ EW corrections

® VBFNLO
s-channel and interferences neglected

EW corrections in the MSSM
many additional features

® HAWK
no kinematic limitations (s-channel and interferences included)

® Beyond fixed order
® merging NLO QCD with PS: Powheg, MC@NLO
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RWTH Vector-Boson Fusion

Transverse momentum of Higgs boson: (with VBF cuts)
dzflT",H [fov] pp — Hjj+ X o= —1[%]  pp—Hjj+X
100 g I I I I 0 | I | |
- EW+QCD —— : B S -
LO ===x= pRETHG o
—10 —]

10 pd
2 ~15

—20

CEEE e

—925 L
My = 120 GeV

i . . -30
OLE . 3 ~35 |- EW+QCD —

F My = 120 GeV =1 3 b T
0.01 ] ] ] ] —45 ] ] ] ]

0 100 200 300 400 500 0 100 200 300 400 500

pT.H [GeV] pru [GeV]

Ciccolini, Denner, Dittmaier '07 (Hawk)
® corrections distort shapes of distributions

® EW corrections —20% at pr y = 500 GeV
from electroweak Sudakov logarithms
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Higgs couplings from A®,; in VBF

® sensitivity to non-standard couplings
Hankele, Klamke, Zeppenfeld, Figy '06
Ruwiedel, Schumacher, Wermes '07

Hankele et al. '06

0.009
0.008 L CP-even, CP-odd —— SM: o OCg'LW

0.007
0.006 [
0.005
0.004
0.003
0.002
0.001

CP-even: --- < g* key-ko — kN kY

1/0d0/dA(ﬁj

CP-odd: --- o PP k1 ko

-160 -120 -80 -40 O 40 80 120 160

JAXO Y
K k1 2: boson momenta
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RWTH Vector-Boson Fusion

Corrections to A®;, (with VBF cuts)
Ciccolini, Denner, Dittmaier '07 (HAWK)

d . - .
aag; Pl pp— Hjj+ X o= —1[%]  pp—Hjj+X
13 | | I 0 | | |
EW+QCD —— LT 9| EW+QCD —— _
12 = LO ====-- P N EW -----
L QCD oo .
I S . T P . il
—6 == —
o 8 et —
~10

—12
8 My = 120 GeV
_14 MH = 120G6V_
7 | | | | | |
0 45 90 135 180 0 45 90 135 180
Adj; A

EW corrections distort distribution by ~ 4%
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® associated production:
pp — W/Z 4+ H

® 5 a bit smaller than VBF
®~ 1.1pbat./s=8TeV (my=125Gev)
® main channel at the Tevatron

® leptonic W/Z decay allows for additional tag
= punished by small leptonic W/Z BRs

e for a 125 GeV Higgs // — bb should be accessible
= modern jet-techniques
® small signal to background ratio
= boosted Higgs: use high pr Higgs bosons only
b jets from "fat jet" substructure
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R\WNTH Higgs strahlung

® QCD corrections
® similar to Drell-Yan (— relatively simple)
® inclusive NNLO QCD corrections: VH@NNLO

Brein, Djouadi, Harlander '03
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R\WNTH Higgs strahlung

® QCD corrections
® similar to Drell-Yan (— relatively simple)
® inclusive NNLO QCD corrections: VH@NNLO

Brein, Djouadi, Harlander '03

® /1 gluon-fusion contribution at NLO ( < 10%)

Altenkamp, Dittmaier, Harlander, Rzehak, Zirke '12

REIN
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R\WNTH Higgs strahlung

® QCD corrections
® similar to Drell-Yan (— relatively simple)
® inclusive NNLO QCD corrections: VH@NNLO

Brein, Djouadi, Harlander '03

® /1 gluon-fusion contribution at NLO ( < 10%)

Altenkamp, Dittmaier, Harlander, Rzehak, Zirke '12

® NNLO beyond Drell-Yan

Brein, Harlander, Wiesemann, Zirke '11

q + H
7/
/7

t

; n,
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R\WNTH Higgs strahlung

® QCD corrections
® similar to Drell-Yan (— relatively simple)
® inclusive NNLO QCD corrections: VH@NNLO

Brein, Djouadi, Harlander '03

® /1 gluon-fusion contribution at NLO ( < 10%)

Altenkamp, Dittmaier, Harlander, Rzehak, Zirke '12

® NNLO beyond Drell-Yan

Brein, Harlander, Wiesemann, Zirke '11

® fully differential Drell-Yan like NNLO for WH

Ferrera, Grazzini, Tramontano '11
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R\WNTH Higgs strahlung

® QCD corrections
® similar to Drell-Yan (— relatively simple)
® inclusive NNLO QCD corrections: VH@NNLO

Brein, Djouadi, Harlander '03

® /H gluon-fusion contribution at NLO ( < 10%)
Altenkamp, Dittmaier, Harlander, Rzehak, Zirke '12

® NNLO beyond Drell-Yan

Brein, Harlander, Wiesemann, Zirke '11

® fully differential Drell-Yan like NNLO for WH

Ferrera, Grazzini, Tramontano '11

® £\\V corrections
® fully differential including decay in HAWK

Denner, Dittmaier, Kallweit, Miick '11
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® Differential NNLO QCD for WH

Ferrera, Grazzini, Tramontano [arXiv:1107.1164]

05 T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T
| pp->WH+X-lvbb +X Vs=14 TeV |
0.4 =" my=120 GeV —
i Mp=HMp=Tny+my |
e ]
£O L p—
PN I 01o=2.617 + 0.003 fb
Na’ L I | _ A
5 0.2 £ Tyno=1.487 + 0.003 fb —
EF- =7 T ]
T =, e Txo=1.263 + 0.014 fb
0.1 — ]
0.0 b+ =
12 \ =
1.0 % —
0.8 % NNLO,/NLO —
06 ; | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | \7;
200 250 300 350 400 450 500

pr’ (GeV)

(large negative correction due to strict jet veto)
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dpw|[%0] dpw (%]
0 | | — a0 | | | | 3
S
T e 1
—10 5?12817——5 —10 i
= _l_l_'_'_'_ sree <
——— ™ HI+1- S
—15 EI_ - —15 5bare —_—
HI+1-
5H Vo
—920 ] ] ] ] —920 ] ] ] ]
200 220 240 260 280 300 200 220 240 260 280 300
pT,H[GeV] pT,H[GeV]
dEw (%] opw [70]
0 | | I— a0 | | | | 3
S
-5 I 5H1+V__(,) R = -
5re€7,} o >: —_— | ij
S rec >
—15 = —15 | gbare _ —
l HI1+1-
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—920 ] ] ] ] —920 ] ] ] ]
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different lepton—photon recombination: rec for electrons
bare for muons
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dEw [70]

boosted

0

-5

YH

LHC Higgs XS WG 2012

SEw [70)]

0

)

—10

—-15

—20

»
R\WNTH Higgs strahlung

NO pr H/Vv cuts

LHC Higgs XS WG 2012

® larger EW corrections for boosted Higgs

® up to —15% for WH
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dEw [70]

boosted

0

-5

~10

L

—20

rec
5H I+tv

5bare

Hltv
rec
Hl-v

bare
6H -

YH

2

NO pr H/Vv cuts

dew| %]
3 0 | | | | | 3
o o
2 -5 1=
0 0
% <
g @g
T N E
O bare @)
= ORT, =
R -
bar
Ope, =—
—920 ] ] ] ] ]
—2 -1 0 1 2
YH

® larger EW corrections for boosted Higgs

® up to —15% for WH

® uncertainties (for differential analysis):

® scale: 2%

® PDF: 5%

® missing higher orders (e.g. gg — V H): 1% (7%) for WH (ZH)
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LHC Higgs phenomenology

® enormous theoretical efforts have been invested

® good control on SM predictions for
® production cross-sections
® pranching ratios

® focus now on
® differential predictions
® Higgs properties
® SM <> alternative models

® all data so far looks consistent with the SM (H — v~ ?)
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ATLAS-CONF-2012-170

Signal strength (W)

" —
RWTH summ ary

working on the most important question. ..

CMS-HIG-12-045

I I [ [ [ I I Vs=7TeV,L<51fb" Vs=8TeV,L<12.2fb"
ATLAS Pre“mmary M= 125GeV CMS Preliminary m, =125.8 GeV
W,ZH - bb i H - bb (VH tag)
Vs =7TeV: [Ldt= 4.7 fb* ° '
Vs=8TeV: [Ldt=131b? H — bb (ttH tag) -
H- 11 ; _
Vs =7 TeV: [Ldt = 4.6 b P H - 11 (0/1 jet)
\s =8 TeV: [Ldt =13 fbot :
H- ww - iy g H _ 11 (VBF tag)
\s=8TeV: = = H

8TeV: [Ldt=131b ° - (VH tag)
H - :
\E=7Tedet:4.8 ! D e H - vy (untagged)
\s=8TeV: [Ldt=13fb" :
H- zz" - al i H - yy (VBF tag)
S et —— H - WW (0/1 jet)
Combined H=135+0.24 . H ~ WW (VBF tag)
Vs=7TeV: JLdt=4.6-481" H
(s=8Tev: ILd:=13 ot - H - WW (VH tag)
| | | | I | H. 77

1 0 + .

2 4
Best fit O'/O'SM

Is It the SM Higgs boson?
= only data can tell. ..
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