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Higgs Boson

Makes the SM work
allows massive W & Z
allowsfermionmasses

Testable prediction of Electroweak
theory

Scalar Higgs Boson

MSSM (2 doublet)
5 Higgs Bosons

(Explains very little)
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Gluon fusion dominates
difficult backgrounds
triggering problematic

Associated production
lower rate
clearer signatureléptonicdecays of W/2)
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Higgs Constraints and Limiw
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95% CL Limit/SM
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Higgs Constraints and Limi
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Tevatron limits as of last summer...
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Tevatron

Protonantiproton collider

CDE
Centre of mass energy of 1.96V NS s
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Silicon vertex detector
Wire drift chamber
P'Fe-scintillatorcalorimetry
Muon chambers
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Detectors

Silicon vertex detector
Scintillating fibre tracker
LAFU calorimetry

Muon chambers
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SM HIGGS SEARCHES
HIGH MASS
LOW MASS
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Search Strategy /

Analyze final states with clear signatures
electrons
muons
displaced vertices ¢fets)
missing energy (neutrinos)
Combine as many channels as possible

Combine across experiments
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Search Strategy

Most important at low mass

Most important at high mass
g

21,voizusy Jonathan Hays 12



Search Strategy

Channel Luminosity (fb™") mpy range (GeV/e?)
WH — fvbb 2-jet channels 4x(TDT,LDT,ST.LDTX) 5. 100-150
WH — fvbb 3-jet channels 2x(TDT,LDT,ST) 5.6 100-150
ZH — vobb  (TDT.LDT.ST) 5.7 100-150
ZH — (T07bb  4x(TDT,LDT,ST) 5.7 100-150
H— WHW™  2x(0,1 jets)4+(2+ jets)+(low-mee ) 4+-(e-Thaa ) +{pt-Thad) 5.9 110-200
WH — WWTW~  (same-sign leptons 1+ jets)+(tri-leptons) 5.9 110-200
ZH — ZWTW~  (tri-leptons 1 jet)+(tri-leptons 2+ jets) 5.9 110-200
H+ X —=7tr= (1 jet)+(2 jets) 2.3 100-150
WH+ ZH — jjbb 2x(TDT,LDT) 4.0 100-150
5.4 100-150

H— vy

Channel Luminosity (fb™") mp range (GeV/c?)
WH — fvbb  (ST,DT,2.3 jet) 100-150
VH = 7577 bb/qgrtT™ 105-145
ZH —vibb  (ST,TLDT) 100-150
ZH — (707bb  (ST,DT,ee pupt,eercr fifiers) 100-150
VH = 0¥ + X 5.3 115-200
HoaWTW™ = etveTu pTouTo 5.4 115-200
H—WTW~™ = efopFr (0,124 jet) 6.7 115-200
H— WTW™ = (g 54 130-200
H — v~ 4.2 100-150
2.1 105-155

tHH — tibb  (ST.DT,TT A5+ jets)
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Search Strategy

Channel Luminosity (fb™") mp range (GeV/c?)
H—WTW™  2x(0,1 jets)+(2+ jets)+(low-m s )+{e-Thaa )+ (14-Thad) 7.1 110-200
WH— WWTW~  (same-sign leptons 1+ jets)+(tri-leptons) 7.1 110-200
ZH — ZWTW ™  (tri-leptons 1 jet)+(tri-leptons 2+ jets) 7.1 110-200

Channel Luminosity (fb™") mur range (GeV /c?)

H—-W™W~ = FvlTv  (0.1.2+ jet) 8.1 115-200

H—W™W™ — uvmaav 7.3 115-200

H— WTW™ — (ijj 5.4 115-200

VH — (5= +X 5.3 115-200

VH — 7777 bb/qgrr~ 5.3 105-200

H — ~y 8.2 100-150

Updated for combinations for Winter conferences 2011
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High mass: m> 135GeV
Dominated by: ¥ WW

Dilepton (e and >): (~6%)
most sensitive
lowest background rate

Lepton + hadronic tau: (~4%)
brings additional sensitivity
larger backgrounds

Lepton + jets: (30%)

lots more signal
huge backgrounds
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High Mass Searches
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Separate in many suthannels:

lepton flavour/quality:
ee, e, > XDO0)
high S/B, low S/B (CDF)
lepton charge:
OS & SS
jet multiplicity:
0,1and >=2
low and highdilepton mass (CDF)

Use MVA techniquesoptimised in
each sukchannel
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electron+jets

muon+jets
tau+jets

High Mass Searches

tau+jets

muon+jets
electron+jets
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. Dileptons

Select 2 OS leptons + Missing Energy
SpinOHigghgh RAFFSNBY OS AY

opening angle from WW production

CDF Run Il Preliminary IL=7.1 fb™
& 2207 OS 0 Jets Wejes
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Dileptons subchannels

CDF: &ubchannels

CDF Run Il Preliminary J-L =711" .
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DO: 18subchannels
lepton flavour.ee, e, > >
jet multiplicity: 0,1,2+

DT trained to suppress &/
Further DT trained to suppress other
backgrounds
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Dominant backgrounds:
eec Zg* hee
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e> ¢ WW, W+jets
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Other channels

1 04 CDF Run Il Preliminary J- Ldt=7.1f"
*\'."0' 3 # data (7.1 fb™)
E 103 e EmoE:th;r;n;wcz 2""“*‘”“‘
™ 102 . . -Wr:ie-' "
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10" @
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HY WWY Injj
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(CDF result coming soon) 2 af " mi
& F ov
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Experimental Uncertaintiesw

Generally uncorrelated across experiments

Many correlated across channels at a single
experiment

Lepton and jet selection efficiencies
Jet energy scale

QCD ISR/FSR effects

Missing EThodeling
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. Theoretical Uncertainties Iw

Canonical scale variatiéa2 gd bhdominant process
Uncertainties taken from NNLO GrazzinideFlorian
calculation conservatively cover (arXiv:0901.2427)
NLO and NNLO calculations AnastasiouBoughezalPeriello
Investigations at NNNLO show no (arXiv:0811.3458)
unexpected behaviour - resummedNNLL+NNLO

Evaluated separately and correlated
across jet categories and experiments

(7‘33%) g]_o,
S gg—H
Included as £ oi ™
uncertainties in the 3
limit setting E

100 120 . 140 160 180 200
my (GeV/c2)
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. Theoretical Uncertainties II

MSTW2008 NNLO PDEsi(Phys.I 63, 189)

Globalpartonfit includingTevatronjet data
(important for constraining higix gluon)

Includes uncertainties on, following MSTW procedure

Follow prescription from PDF4LHC : ~factor 2 increase using MSTWO08
errors alone. (2.80% @ nF160GeV)

PDF depends on scale choiceffect included in scale uncertainties
ensures correct correlations

Correlated across experiments and channels

Further details on combinationkttp://tevnphwg.fnal.gov
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Techniques: Limit setting

Two statistical approaches employed
Agreement better than 5% over all masses (average 2%)

1. Bayesian

Flat prior for signal, credibility intervals
2. Modifiedfrequentist

Loglikelihood ratio, CLs €ELs+bCLb

Operate on binned finadiscriminantdistributions

Poisson statistics assumed for each bin
Systematicsntroduced as nuisance parameters

Impact ofsystematicanitigated with constraints from data

21/03/2011 Jonathan Hays 24



OS, 0

0S, 1 7.1
OS +2 7.1
Low M, 7.1
SS 7.1
trileptons 7.1
e/>H i 7.1

1.52
2.13
2.74
10.6
2.75
4.9

13.1

CDF: 12 channetsall updated

21/03/2011

. High Mass Summary

OS e>

OS ee 8.1
oS > > 8.1
Inqq 54
SS 5.4

e/>+ ,p<=1j 7.3
e/>H ,\p>= 2] 7.3

1.26
2.29
2.23
5.1
7.0
7.8
12.3

DO: 34 channelg added hadronic tau

channels

Expected limits given for M- 165GeV

Jonathan Hays
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Results

CDF Run Il Preliminary H>W*W" Search, L = 7.1 fb™

D@ Prelitiiiniaey; 1=4.3-8.2 16" Observed-- UV A IR I 1 S S R
[ "SM Higgs Combination =i Expected * Obs R B S DF """"" L 1
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Combinations by experiment: single experiment exclusion from both CDF and DO
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Tevatron Run II Preliminary, L < 8.2 !

L10°F
= F i 2 ® Tevatron Data
glO 50 my=165 GeV/c [ | Background
= e Bl Signal
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Results
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