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SM Higgs combination

Rustem Ospanov

Combined upper limits

SM
—
o

ATLAS Preliminary
— Obs.
--- Exp.

T T TTTT0T

C+1o
[J+20

\s=7TeV

95% CL Limit on o/

IlllIIII

107

CLs Limits

2011 Data

I Ldt=4.6-49 fb'

P PRI T ST S S SR S S
100 200 300 400

» SM Higgs boson is excluded in the ranges:

PR TR
500

500
m, [GeV]

—
o

llIIIIII

95% CL Limit on G/Ggy,

Zoom at the low mass

llllllllllllllllllllllllllllllllllllll

ATLAS Prellmlnary ' 2011 Data 1
——Obs. 4 -
---- Exp. J Ldt=4.6-49fb S
kA ]
+20 \s=7TeV :

CLs lefts

~110"115 120 125 130 135 140 145 150
m, [GeV]

110-117.5, 118.5-122.5, 129-539 GeV at the 95% CL

» [ he combination includes additional channels:

H—7rr,H— bb,H—- WW — lvqq, H— ZZ — llgq



SM Higgs combination
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» An excess of events at my =~ 126.5 with a local significance 2.5 o
Expected significance for SM Higgs 2.9 o
Best-fit signal strength 1 =0.9+ 0.4 — 0.3

» Global probability for such background fluctuation:
~ 30% in the range 110 — 600 GeV

~ 10% in the range 110 — 146 GeV Rustem Ospanov



Expected Sensitivity with 4.7 fb™!
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Quantifying The Low Mass Excess Ezﬂ'!h
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e Minimum p-value observed at 125 GeV with local significance:
2.8 o — Similar significance expected from signal

e Estimated global significance:
0.8 6 in [110-600] GeV, 2.1 6 in [110-145] GeV

* Not inconsistent (+1c) with SM Higgs
April 12t Alessandro Thea SM@LHC 2012 27



Higgs decay channels

LHC Higgs Cross Section Working Group (LHC Higgs XS WG) calculation based on
* HDECAY [Djouadi, Kalinowski, Miihlleitner, Spira (1996,2006) |

* PROPHECY4F [Bredenstein. Denner, Dittmaier, Miick, Weber(20]0)]

HDECAY HDECAY HDECAY PROPHECY4F
rtot = rtot - rww + r

@ HDECAY

all relevant higher-order corrections, in particular with NNLO running of a; and 4-loop
QCD corrections to H — gg [Baikov,Chetyrkin (2012)]
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Parameters and uncertainties
Higgs decay branching ratios affected by uncertainties:
» parametric: mp(mp) = (4.16 £ 0.06) GeV, mc(mc) = (1.27 £ 0.03) GeV,
as(M2) = 0.1171 £ 0.0014 [nNLo MsTw] or as(MZ) = 0.118 4 0.002 [LHC Higgs XS WG]
* theory: missing higher-order contributions estimated by scale variation
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1. B.. Djouadi (2011)] | LHC Higgs XS WG (2012); Denner et al (2011)]

In most relevant channels at My = 120 GeV:
ABR(H — ’)’:)’) = :t5.5%, ABR(H — WW,ZZ) = :1:4.8%
ABR(H — bb) = :|:2.8%
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The four main production channels

e gluon fusion e vector boson fusion e Higgsstrahlung e associated production
g ! a W.Z & R0 ——
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3 1 0 Theory meets high precision accuracy: up to NNLO in the three main inclusive
% 1 production channels, huge efforts in exclusive production predictions =

uncertainties from ~ 100% reduced below < 15— 20%
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0 LHC Higgs Cross Section Working Group: a collective effort from theorists and
experimentalists to give the most up-{o-date predictions and assessments on uncertainties
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H—1t Exclusion Limit
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VH, H—bb: Exclusion Limit 2
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MSSM h/A/H — 11
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For high tanf3 decay into 1t enhanced

Analysis selection and background estimation very similar to
Standard Model analysis 1n the 0 jet channel
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Charged Higgs: Exclusion Limit 2
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NMSSM a —pp

NMSSM: additional scalar
singlet S

2 CP odd Higgs fields: a ,a,

- a_can be very light (10 GeV)

Analysis selection:

2 pwith p >4 GeV

4.5 GeV < m < 14 GeV
Construct likelthood ratio from
1solation and vertex fit quality

Background from m sidebands

Julian Glatzer - Searches for Higgs Bosons decaying into Fermions with the ATLAS Detector
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VH-V(bb): Results
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% H - t 1 (cont'd)
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v ®>1t MSSM Search

e EXxcludes previously unexplored territory
e 95% CL exclusion range for tan g extends down to 7.1 at m,~160 GeV
> narrowed parameter space at low m,

e 1, 1,channel alone fairly competitive
with other measurements L eI AL L L
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Upper limit on G(pp— a — 1u) [pb]
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NLO MONTE CARLO TOOLS FOR HIGGS PHYSICS AT THE LHC

(  Conclusions )

There are several NLO+PS programs that describe the production of a Higgs
boson in different channels

Although they formally all agree at NLO, NNLO terms can be large for processes
with large K factors.

e Differences among each other are well understood and have been studied in the
past few years

e For processes in the POWHEG BOX, please visit the web page

http://powhegbox.mib.infn.it

Carlo Oleari



- NNLO QCD predictions for Higgs Physics at the LHC I

Conclusiuns

@ The most relevant Standard Model Higgs inclusive cross sections known with
high precision through NNLO QCD.

@ Calculations implemented in public available codes: ggh®©nnlo, vh©@nnlo,
bbh®@nnlo, higlu, ihixs, vbfnnlo.

@ Threshold resummation effects are relevant.
@ Important progress in NNLO fully-exclusive calculations. E.g.

@ Fully exclusive NNLO QCD calculation for associated /-Higgs production
through gr-subtraction method.

@ NNLO QCD corrections for H — bb through non-linear mapping method.
@ NNLL+NLO Higgs gr-resummation:

@ New version of the HqT code: better estimate of perturbative uncertalnty
@ The HRes code: full kinematical dependence on the Higgs and its
decay products. Possible to implement experimental cuts.

Giancarlo Ferrera — Universita di Milano SM@LHC 2012 Copenhagen — 12/4/2012
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SUSY 'Higgs and Composite Higgs

Which Higgs Boson?

U“ﬂ\% Private Higgs

(e L
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a 12gS H’ggs /ess
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Simplest Higgs Phantom Higgs

M.M. Miihlleitner, 12 April 2012, SM @ LHC 2012, Copenhagen



SUSY 'Higgs and Composite Higgs

Conclusions

(i) MSSM Higgs boson production including HO corrections available

(i1) Interpretation of LHC Higgs search results within
* MSSM: requires 'finetuning’
* NMSSM: less finetuned
* Composite Higgs: compatible with LHC results

* Model-independent
- effective theory: global fits to best signal strengths and exclusion regions

- SM Higgs hypothesis consistent w/ data at 94% CL

M.M. Miihlleitner, 12 April 2012, SM @ LHC 2012, Copenhagen



Some items for discussion

* Could one reduce the uncertainties in the H
+0j,1j,2j prediction from data for V+0j,1j,2j?

* hatis the least theory-model independent
way to present BSM Higgs search data?



