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The Accelerators 

p‐pbar at 1.96 TeV 

pp at 7+ TeV 

Tevatron 
LHC 

Superconduc(ng Magnets! 

approx 4 miles around (6.3 Km) 

approx 27 Km around 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Luminosi(es are Increasing 

Tevatron by 
Calendar Year 

Fernandez 

We owe a great debt to our 
colleagues in the Accelerator 
and Compu(ng Divisions 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The Detectors (Not to Scale) 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The Historical SM Higgs Context – LEP excludes SM mH < 114.4 GeV 

Small 
excesses 
seen at 
mH=97 GeV 
and 115 GeV 

Search for e+e‐ ZH 
Hbb,ττ,WW 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The Scale of the Problem 

F. Margaroli 
C. Ochando 

Rapid progress through this plot 
expected. 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The Tevatron – Gaining Confidence in Searches with Standard Candles 

F. Margaroli 

Zb bbar 
Calibrates/checks 
   b‐jet energy scale 
   b‐tag efficiency 
   Techniques for separa(ng 
   small signals from large  
   backgrounds using sideband 
   data to model backgrounds 

WW+WZ Diboson 
observa(on in 
MET+Jets 

Similar, but with 
a much smaller 
cross sec(on 

D0 Diboson 
with a Mul(variate 
Discriminant –First 
evidence in 1.1 j‐1 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Mul(variate Analyses and Mass Measurement 

lvjj 
Diboson 

lvjj 
Sinlge top 

F. 
Margaroli 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If a SM Higgs Boson Exists (and isn’t really really heavy), The Tevatron is producing it! 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Event Discriminants 

CDF uses a 2D NN: 
• one axis is ZH vs Z+jets 
• one axis is ZH vs Jbar 
• A 10% slice along the ZH vs Jbar is for display (full 2D is used in limit) 

D0 uses a Random Forest Decision Tree method: 
• 20 well modeled inputs chosed 
• 200 trees are trained, using a random subset of 10 
inputs 
• RF Output is the performance weighted result of all 
200 trees 

R. 
Hughes 

More acceptance:  J. Pilot’s talk 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R. Hughes 
R. Hughes 

Large Mul(jet background – 
two stages of discriminants 
1) An(‐QCD 
2) Select H from remaining 
    backgrounds 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Some of the Prominent Candidates 
in the Low‐Mass Search at the 
Tevatron 

R. Hughes 



T. Junk Higgs Hun(ng Exp. Summary 31 Jul 2010  14 

R. Hughes, 
N. Huske 

Backgrounds: 
Wbb 
Wcc 
W+light flavor 
pbar 
WW, WZ, ZZ 
Single Top 
Mul(jets 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Events at mH=115 GeV 

Two in WH NN: 

s/b of each of these events is 0.3 to 0.4 

ST+ST 

Run 234754  Eve 365736 

Run 264015  Eve 17296825 

Two in WH NN, 
Summer 2009 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Tevatron     

€ 

H→γγ

Diphoton 
mass 
bump‐hunt 

Uses all 
produc(on 
mechanisms 
ggH, WH, ZH, 
VBF 

S. Chakrabar( 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€ 

H→ττ + 2 Jets 

S. Chakrabar( 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WH, ZH  qqbb 

Signal x 1000!   Large 
Mul(jet Background 

S(ll expect to set limits 
~20 x SM rate 

S. Chakrabar( 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High‐Mass SM Tevatron Searches 

Really the dominant  
 search mode above 125 GeV 

M. Kirby 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Analysis Strategy:  Divide into jet categories 
(also separate out like‐sign dileptons, trileptons, 
and taus because signals, backgrounds, and systema(c 
uncertain(es are different) 

M. Kirby 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New Channels Are Always Being Added  

M. Kirby 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Tevatron HWW Projec(ons 

M. Kirby 

137—190 Gev 
with 10 j‐1/Experiment 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T. Junk 



T. Junk Higgs Hun(ng Exp. Summary 31 Jul 2010  24 

T. Junk 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T. Junk 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T. Junk 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€ 

−2lnQ ≡ LLR ≡ −2ln L(data | s+ b, ˆ θ )

L(data |b, ˆ ˆ θ )

 

 
 
 

 

 
 
 

Looking for a Hint of a Signal 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Excluded regions: 

158 < mH < 175 GeV 
100 < mH < 109 GeV 

Expected Exclusion 
(if no signal is present): 

156 < mH < 173 GeV 

Tevatron Observed and Expected Limits 

Bayesian 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Tevatron Projected Performance 

We con(nue to improve our analyses 
as well as collect more data. 

Mul(variate analyses are prepy much at their 
limit:  We now seek more acceptance, looser 
requirements, new channels... 



T. Junk Higgs Hun(ng Exp. Summary 31 Jul 2010  30 

G. Bernardi 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G. Bernardi 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LHC:   First Data – Performance 
and Benchmark Processes 

•   Both LHC Experiments must “Rediscover the Standard Model” 
    In order to back up Higgs and New Physics Searches 

•   Calibra(ons are needed for: 
•   Trigger efficiency for leptons (later, high‐ET jets, MET, ....) 
•   Lepton ID efficiency (electrons, muons, taus) 
•   Photon ID efficiency 
•   Photon Energy scale / linearity 
•   Lepton energy scale / linearity 
•   Jet Energy scale / linearity 

Photons:  M. Aurousseau, N. Chanon 
Jets:  J. Schaarschmidt 
Muons:  R. Wilken 
B and τ Tagging:  M. Bluj 

Lepton and Missing ET Performance Summary:  C. Ochando 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M. Aurousseau 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Using the π0 As a Calibra(on Signal 

Using Conversions to Map Detector Material – Spectacular Moding in Very Early Running! 

M. Aurousseau 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C. Ochando 

Lots of High s/b Samples to Calibrate Muon Efficiency  
and Energy Scale and Resolueon 

R. Wilken 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R. Wilken 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Jet Energy Scale and Resolu(on 

•   Jet Resolu(on Calibrated in Situ with dijet balancing – ATLAS and CMS 

Conserva(ve 
uncertain(es assigned 
for now 

J. Schaarschmidt 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LHC:  B Tagging Performance 

Impact Parameter Significance – Normally it takes years to tune these up, and they 
look great! 

M. Bluj 

Can fit the b frac(on in tagged 
events using the PTrel distribu(on – 
calibrate the b‐tag efficiency 
in the data 

Mistags Es(mated from 
nega(vely‐tagged data 

Mistag rate 
about 1% 
for 80 
GeV jets 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LHC Projec(ons: 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LHC 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Minimal BSM:   Fourth Genera(on 

47 

Theory predic(on: 
Anastasiou, Boughezal, and Furlan 

But:  A fourth Genera(on can  
make mH=400 GeV consistent with  
precision EW! 

A. Hoecker 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MSSM neutral Higgs:  Tevatron 
U.‐K. Yang  Inclusive Hττ  Search by CDF and D0, and combian(on 

Also:  bττ from D0 with a strong constraint 

3b mode analyzed by CDF and  
D0 but not yet combined 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Light H± Search in Top Quark Decay 
CDF: Search for a second bump in mjj where it peaks at mW in lepton+jets events 

D0:  Count events in dilepton, lepton+jets, tau+jets, lepton+tau & fit branching frac(ons 

U.‐K. Yang 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LHC Hττ Sensi(vity Projec(ons 

K. Leney 

R. Tanaka 

0 b‐tag + 1  or more 
b‐tagged channels 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R. Tanaka 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Parton Distribu(on Func(ons 

R. Thorne 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Parton Luminosi(es – Comparing 14 TeV LHC to 
 10 and 7 TeV LHC, 
and the Tevatron 

J. Fernandez 

Tevatron:  10 j‐1 analyzable/exp at 
1.96 TeV by end 2011.  Asking for three 
more years. 
LHC:  1 j‐1 per exp by end 2011. 
Much more data and energy later 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R. Thorne 



T. Junk Higgs Hun(ng Exp. Summary 31 Jul 2010  55 

Valence Quark PDFs and Uncertain(es Largely 
Under Control 

But varia(ons in the predicitons 
of small‐x gluons 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Varia(ons in Predic(ons for Different PDF Sets 

Very 
Measurable! 
(but need 
luminosity!) 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ggH Produc(on cross sec(on depends 
largely on the αs value associated with 
 the PDF set 

But the Ra(o of W+ to W‐ 
Doesn’t seem to depend 
on αs! 

Varia(ons in Predic(ons for Different PDF Sets 

PDF’s are an extrapolaeon from lower energies to the LHC. 
Surprises can sell come from nucleon structure! 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Summary 
•    Many thanks to the Organizers!   Louis, Gregorio, Abdelhak, 
    Yves, Gau(er, and the whole commipee 

•   Many thanks for the opportunity to get experimentalists 
   and theorists together!   We are making progress much more 
   efficiently face to face 

•   The young scien(st forum was fantas(c!   Keep up the good work! 

•   It is a great (me to hunt for the Higgs boson.   
•   The Tevatron is performing very very well and is tes(ng for 
    the presence of the SM Higgs boson 
•   The LHC Detectors are working very very well on the first data 
•   The LHC is running at 3.5 (mes the Tevatron energy and will 
   accumulate soon enough data to test for the SM Higgs boson 
   and hopefully find something new. 

•   The Tevatron and the LHC will be able to answer different ques(ons 
  on the near (mescale.  165?  Same ques(on.  Low mass?  Very high mass? 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So let’s go find the  
Higgs Boson(s) already! 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Backup Material 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The        Detector 
Lepton coverage: 
|η| < 1.5 (muons) 
|η| < 2.0 (electrons) 

b‐tagging with 
|η| < ~1.4 

Jets to 
|η| < 2.8 
Higgs analyses 
restrict to 
|η| < 2.0 

Dijet mass 
resolueon: ~16% 



T. Junk Higgs Hun(ng Exp. Summary 31 Jul 2010  66 

The      Detector 

New Innermost Silicon 
Layer added between 
Run IIa and Run IIb 

Lepton coverage: 
|η| < 2 (muons) 
|η| < 2.6 (electrons) 

b‐tagging with 
|η| < ~2 

Jets to 
|η| < 3 

Similar dijet mass 
resolu(on to CDF 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Lepton Acceptance Gains 

30% gain in CDF single‐muon acceptance 10% gain in CDF electron acceptance 

Inter‐calorimeter electrons 
‐‐ 10% gain in D0 electron acceptance 

CDF Electrons 

CDF Muons 

D0 electrons 

These Leptons don’t all trigger! 
Use another lepton, or MET+Jets triggers. 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€ 

σ( pp →W +W −) =12.1± 0.9 (stat) −1.4
+1.6 (syst) [pb]

SM:  12.4 ± 0.7 pb (MCFM) 

Signal model: MC@NLO 

WW Cross Seceon Measurement 

Checks Matrix 
Element discriminant 
shape of dominant 
background in the 
signal sample 

Same as Higgs search 
but reverse roles of 
signal and background 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CERN‐OPEN‐2008‐020, “Expected Performance of the ATLAS 
Experiment”:  arXiv:0901.0512v3 [hep‐ex] 

ATLAS’s Projec(ons 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Standard Model Higgs Boson Decay Branching Fraceons 

HDECAY by  
M. Spira 

135 < mH <  200 GeV 
H→W+W‐ dominates 

gg→H, WH, ZH, VBF 
all can be used 

114.4 < mH < 135 GeV: 
H→bb dominates. 

gg→H→bb drowned by 
gg→bb.  Use WH, ZH. 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q 

q’ 

W* 
W 

l 

ν 

H0 
b 

b 

q 

q’ 

Z0* 
Z0 

ν 

ν 

H0 
b 

b 

SM Higgs Boson Produceon Mechanisms 

H0  H0 

q 

q’ 

W+,Z0 

W‐,Z0 

q’’ 

q’’’ 

Vector‐Boson 
Fusion (VBF) 

gluon 
fusion 

Associated  
Produceon 

hpp://maltoni.home.cern.ch/maltoni/TeV4LHC/SM.html 
and references therein. 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Studies of Injec(ng a Signal at mH=115 GeV 

•   lvbb, METbb, and llbb 
   channels included 
•   Inject SM*1.0 signal at 
    mH=115 GeV on top of SM 
    backgrounds, and generate 
    pseudoexperiments with that. 
•   Analyze 115 signal+background 
   pseudoexperiments 
   at other test masses – 100 GeV 
   to 150 GeV 
•   Find the median expected limit 
   assuming signal is there (compute 
   it just as you would without the 
   signal)  and compare 
   with the distribu(on of limits assuming 
   the signal is completely absent. 


