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The Large Hadron Collider

� p ! p (soon)p
s = 14 TeV

L = 1034 cm� 2s� 1

� installation test
of two cryomagnets
in LEP/LHC tunnel



ATLAS and CMS

( part of the ATLAS central
barrel hadronic calorimeter

+ 1/5th of the CMS magnet



SM Higgs Pro duction and Decay
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� even in oneHiggsboson
case,there are many
possibilities
. discussa few aspects



Gluon Fusion: Example h 0 ! W + W �
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� result for NLO Xsections
. no masspeak possible
. needto understandsig. and bg

� NNLO di�eren tial k-factor
. a�ects reconstr. e�ciency
. kincl = 2.37! ke� = 2.04



SM Higgs Overview

� recent contributions from vector bosonfusion (VV ! q�qh0)
. explanationsand exampleswill follow ...



Some Motiv ation of VBF: h 0 !  
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� VV ! q�qh0 has two energeticjets in the �nal state
. jet tagging: ET (j ), � � (j; j ), m(j; j ), and few additional jets
. appropriate jet requirements allow to reducethe background



More VBF: h 0 ! W + W � and h0 ! � + � �

� exploit kinematic properties of jets in all vbf channels

� comparedto gluon fusion, signal to background is higher in vbf
. h0 ! W + W � is almost background free
. h0 ! � + � � seemsnot to be accessiblewith gluon fusion

� other associatedHiggsproduction channelsarein generalcleaner,
too, but crosssectionsare much lower



Higgs Mass and Width
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� propertiesof h0 are important to distinguish betweenthe models
. massdetermination is possibledirectly by �tting masspeaks
. width only indirectly from combination of event rates



Higgs Couplings
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ATLAS

-1 L dt=300 fbò* from rate of t �th0 assuming
BR(h0 ! b�b) as known

� combination of event rates (LL an.)
. systematicuncertainties included
. someassumptions:SM-like and

no large additional couplings

� uncertainties > 10%
. no precisiontests, but sensitive to sizabledeviations from SM



Higgs Spin and CP

� useh0 ! Z 0Z 0 ! 4 l � events (here 200GeV < mh < 400GeV)
. de�nition of decay planesand angles� and �
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. simulation of 2 ! 4 processfor signal and Z 0Z 0 background

. simple selection: � , pT , lepton isolation, mZ � 2 � , mh � 2 �

. subtract bg in � and � dist.: NB � � sys: � � stat: = 130� 4:1� 11:4

. obtain parameters� , � and R from �t of � and � distributions

. compareparms. with theory for spin = 0,1 and CP = � 1
) discrimination possiblefor L int = 100f b� 1 and mh > 230GeV

� v from h0 pairs di�cult in SM, but tan � = v2=v1 in 2HDM



tan � Measuremen t

� rate of b�bh0=H0=A0 � tan� 2 in h0=H0=A0 ! � + � � mode
. require exactly oneb-taggedjet ) low � stat , but high � th

. comparerates with theoretical predictions (� th = 23%)

. main experimental uncertainty: luminosity 5%
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Small error bars: stat errors

 errorssLarge error bars: stat + L + 
2 = 300 GeV/cm, 2 = 2450 GeV/ctA

2 = 1 TeV/cSUSY, m2 = 200 GeV/c2M

L/L = 5%D
 = 20%s/sD

. precisionfor 30 f b� 1 is � 5 to � 30



tan � Part I I
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� rate measurement from tH � production with H � ! � � �
. obtain H � massfrom �t to transversemassdistribution
. uncertainties: bg shape, bg rate, energyscale
. in the tan � measurement, � sys: = 10%is taken into account
. results in 5% to 8% precisionfor L int = 300 f b� 1

. H � ! tb doesnot contribute a lot



Radion � ! h0h0

� Randall Sundrum model (5 dim.) with scalar �eld �
. possiblesolution to hierarchy problem
. main parameters: � , � � , m� and mh ) study � -� � -plane
. gg ! � ! h0h0 ! b�b  is most promising channel
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Signal at point L f =1 TeV, x=0.425
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SUSY Cascades
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� scascadesrequire quite special conditions, in particular masses
. complicated�nal state with missingET and many b-jets
. massreconstruction with the two b-jets closestto each other
. relatively low background, mainly combinatorial



Higgs ! � 0� 0
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� invisible Higgs

. VV ! q�qh0 production

. decay to e.g. � 0
1� 0

1
. missingET + forward jets

� H 0=A0 ! � 0
2� 0

2 ! 4l � + X
. � 0

2 ! ~l l ! � 0
1l+ l �

. missingET + isolated l �

. almost background free



Conclusions

� Higgsphysics is a rich �eld at the LHC
. standard searches. parametermeasurements . exotic signals
. ATLAS and CMS will be capableto do most of it pretty well
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