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Slide from G. Altarelli, HCPSS’08 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G. Altarelli, HCPSS 2008 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The LEP2 and Tevatron, LEP1, SLD Precision EW Legacy 
Direct searches for 
e+e‐→ZH:  
No evidence below 

Precision mz, mW, mt, Z‐pole 
asymmetries, etc. 

€ 

mH
SM >114.4 GeV/c 2

€ 

mH
SM = 89−26

+35  GeV/c 2

@95% CL, mH<158 GeV/c2 
  (185 including LEP2 direct limit) 

hJp://lepewwg.web.cern.ch/LEPEWWG 
hJp://lephiggs.web.cern.ch/LEPHIGGS/www/Welcome.html 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Vacuum Stability and Triviality Bounds on SM  mH


See also hep-ph/9708416 

Finding a Higgs boson 
with mH “too low” or 
“too high” is suggestive 
of new physics. 

mH too 
light! 

Hambye and Riesselman 

Loops with SM pardcles modify the effecdve Higgs potendal. 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a slide from G. Altarelli’s HCPSS 2008 talk 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How Much Fine‐Tuning Can We Tolerate? 

C. Kolda and H. Murayama, JHEP 0007, 035 (2000) 
mt=175 GeV 

€ 

mh
2 = 2µ2 = 4λv 2

At one loop, 

€ 

µ2 → µ2 +
Λ2

32π 2v 2
2MW

2 + MZ
2 + mh

2 − 4mt
2( )

If the radiadve correcdons to 
mh are not >> mh, we get 
much stronger constraints. 
“Veltman Condidon”: term 
in parentheses vanishes. 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Higgs Boson Couplings to Gluons

H. Haber, HCPSS 2008 

mg=0 by SU(3)color 
symmetry 

Mostly top contributes 

A heavy fourth generadon of quarks would scale 
the gg→H producdon rate at colliders by a factor of ~9. 
But watch out for H→ν4ν4 decays. 
E. Arik et al., Acta Phys. Polon. B 37, 2839 (2005) (hep‐ph/0502050) 
G. Kribs, T. Plehn, M. Spannowsky, T. Plehn, Phys. Rev. D 76 075016 (2007).  ( arXiv:0706.3718 [hep‐ph] ) 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• NLO correcdons ‐‐ ~80% (almost double the LO cross secdon)! 
•  NNLO QCD correcdons ‐‐ An addidonal 40% on top of that! 
   Catani, de Florian, Grazzini, Nason JHEP 0307, 028 (2003)  hep‐ph/0306211 
•   Sou gluon resummadon included at NNLL in plots below 

NLO,NNLO bands:   0.5mH<µF,µR<2MH.  Bands on LO unreliable. 

gg→H Production at NNLO
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An acLve area of research over the last years 
   hNp://www.itp.uzh.ch/events/higgsboson2009  7‐9 January 2009, Zurich 
•   Two‐loop EW correcdons yield up to an 6% boost in cross 
   secdon near mH=160 GeV.  Agliev, Bonciani, Degrassi and Vicini, 
      arXiv:hep‐ph/0610033  (used by the Tevatron at ICHEP 2008) 
•   Newer calculadons:  Anastasiou, Boughezal, Petriello, JHEP 0904:003 (2009) 
    de Florian and Grazzini:  Phys. LeN. B 674:291‐294 (2009)  
   More modern PDF set ‐‐ MSTW 2008 NNLO (lost 14% of cross secdon rel. to MRST 2006 NNLO) 
   BoJom quark loops interfere destrucdvely with top quark loops 

•  BoJom quark loop contribudons get smaller QCD correcdons than top loops.   
•  Running b mass is smaller than pole mass.  

    Less contribudon from b loops means more cross secdon 

    Coincidentally almost the same cross secdon reladve to NNLO QCD (Catani et. al) 
     at mH=160 GeV ‐‐ 0.44 pb at the Tevatron. 

“V”=W,Z 

Recent gg→H Production Cross Section Progress
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EW correcLons to σ(gg→H)  

Passarino, Higgs Boson 2009, Zurich 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Choosing the Right Factorizadon and Renormalizadon Scale and Uncertainty 

C. Anastasiou, Orsay 2010 (www.higgshundng.fr). 

Produc6on cross 
sec6on @ Tevatron 

•   Several points cleared up with Baglio and Djouadi – concerns raised in  
         arXiv:1003.4266 

•   Best scales are low – mH/2 provides much more stability for fixed‐order calcs 
•   Sevng μr= μf gives the largest variadon in cross secdon and makes more sense 
  than exploring the (μr,μf) plane 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Scale Variadon – A factor of Two or Three? 

Perturbadve series converges faster when a more detailed calculadon is 
performed: 
•   RG improvement 
•   sou‐gluon resummadon 
•   using the PDF set which corresponds to each order 

•   LO calculadon with no gluon emission isn’t sufficiently sensidve to the scale 
  to trust it to gauge scale uncertainty 

Ahrens, Becher, Neubert, Yang 2010 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At μr= μf = mH/2, the NNLL addidon to the NNLO cros secdon is negligible 

Baglio and Djouadi, 
arXiv:1009.1363 

Is it Fair to use the NNLL Cross secdon? 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Slide from C. Anastasiou, higgshundng.fr 

It does not look as if there are large negadve contribudons at much higher 
order, and a scale of mH/2 seems stable. 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Parton Distribution Functions of the Proton 

“The LHC is a gluon-gluon collider”   (approximately). 
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SM Higgs Boson 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q’’’ 

Vector‐Boson 
Fusion 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fusion 

Associated  
ProducLon 

hJp://maltoni.home.cern.ch/maltoni/TeV4LHC/SM.html 
and references therein. 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Which PDF Sets to Use? 

Baglio and Djouadi suggest 
taking the difference 
in the predicdons of 
ggH using ABKM09  and 
MSTW2008, CTEQ2008 
PDF’s as a systemadc  
uncertainty 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Variadons in Predicdons for Different PDF Sets 

Very 
Measurable! 
(but need 
luminosity!) 

R. Thorne, Higgs Hundng Orsay Workshop, 2010 
ABKM and HERAPDF do not include Tevatron high‐ET jet  
data in their fits.  High‐x gluons are poorly constrained without those 

PDF4LHC 
recommendadon: 
Use CTEQ, MSTW, 
NNPDF as an 
envelope.  19 Tevatron SM Higgs Searches T. Junk UMD/JHU 13 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ggH Cross SecLon TheoreLcal UncertainLes 
•   Recent Work:   Anastasiou, Dissertori, Grazzini, Stockli, and Webber 
   JHEP 0908 099 (2009).  

Factorizadon and Renormalizadon 
scale variadons are larger when 
requiring 2+ jets than for requiring 
fewer.  Errors correlated, not 
andcorrelated.   Get worse when 
applying other experimental cuts 

Scale variadon is up and down by a factor of two.  Djouadi (Moriond EW 2010,  
arXiv:1003.4266) advocates a larger variadon – currently under discussion. 

Experimental issue – how to incorporate? 
•   Tradidonal:  Set limits on σ x Br.   Draw theory curve on same plot with error 
   bands.  Take ‐1σ variadon on theory as the excludable predicdon (why?) 
•   We have a problem.  Combine ggH with WH, ZH, and VBF signal searches.  What’s 
  the error on the theory band now?  What cross secdon do we exclude? 
   Soludon:  Treat theory uncertaindes like acceptance uncertaindes (when it comes 
   to the kinemadcs, they are hard to separate anyhow).  PDF in pardcular should be 
  treated as a nuisance parameter like all others. 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HqT program   Catani and Grazzini, hJp://theory.fi.infn.it/grazzini/codes.html  
used to compute higher‐order differendal spectra 

Formerly taken as a systemadc uncertainty, now is a central value. 

ReweighLng Pythia DifferenLal DistribuLons to NLO+NNLL PredicLons 

Scale and PDF dependence of Higgs pT and η used as rate and shape systemadcs 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Standard Model Higgs Boson Decay Branching FracLons 

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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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 
resoluLon: ~16% 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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 
resoludon to CDF 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H → W+W‐  Signal and Background 

gg→H Signal Process: 

Dominant difficult background: 
  qq →  W+W- 

•  Higgs is a Scalar!  Angular 
  correlations are different 
  from SM W+W- bg 
•   Signal leptons come out 
  collinear 

W- 

W+ e+ 

e- 

ν 

ν 

Both CDF and D0 Select events with 
•   Two isolated, opposite‐signed 
    high‐pT  leptons (e,µ) 
•   Missing transverse energy 
•   mll > 16 GeV (except now with a new low mll 
   analysis from CDF) 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Five Years ago: 2005 CDF H→WW Analysis 
•  Just used gg→H signal 
   acceptance: 0.7% of ggH, or about 0.55% of all H at 
   mH=160 GeV 
•   Final discriminant: Δφll 
•   Jet vetoes to suppress Jbar 

mH=160 GeV 

Expected  
limit: ~15 x SM 
at mH=160 GeV 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Spliong up H→WW Into Subsamples 

•   Original analysis vetoed on extra jets 
•   But We can analyze these events one category at a dme 

•   WW+0 jets :   gg→H.  Mostly gg→H, but add in WH, ZH, VBF here 
       (6% more signal expectadon) 
•   WW+1 jet :  gg→H, WH, ZH, VBF signals  
      (20% more signal than just gg→H) 
•   WW+2 jets (or more)  60% more signal from WH, ZH 
   and VBF. – most of the signal! Main background is t‐tbar.  Veto events with 
   b‐tags and use them as a control region 
•   Total CDF acceptance summer 2009: 1.1%: DOUBLE the 2005 acceptance. 
     Further improvements since then! 

•   Same‐sign dileptons + one or more jets:  Mostly 
   sensidve to WH and ZH, with leptonic W, Z decay. 
•   New for Summer 2010:  Channels with one lepton and a hadronic tau 
    candidate, and also two new trilepton channels 

Each major background has a dedicated control sample 

Comparable MET resoludon for different lepton categories – ee, eμ, μμ handled 
together.   Forward leptons treated differently from central leptons since the 
fake rates are different.  Called High s/b (central leptons) and Low s/b (forward) 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Drell‐Yan Control Region 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Opposite‐sign, 
same‐flavor leptons 

MET<25 GeV 
76<Mll<106 GeV 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Wγ, W+jets 
backgrounds 

Low‐mll Same Sign 
is used to constrain 
the Wγ background 

W+jets data dmes 
a fake rate funcdon 
gives W+jets 
background 

Same Sign Dilepton Control Region 



Matrix Element Basics 

Predicdons given by QM matrix element and phase space. 

Many processes (signal and background) give the  
same observable quanddes in the detector ‐‐ cannot assign 
an event to be signal or background (if we could, we would!) 

Instead, ask what the rado of chances of gevng an event 
from signal or background processes.  Need to incorporate 
experimental resoludon effects. 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ME  PDFs  transfer 
funcdon 

Imperfect ReconstrucLon 
•   Missing neutrinos!   Missing ET resoludon not perfect. 

•   Jet energies not perfectly measured.  Direcdons are 
   preJy good, and leptons are measured well. 

•   What parton 4‐vectors could have given us the measured events? 

Do this for each physics process ‐‐ form a likelihood rado from them 

y=parton (or neutrino momenta), x=measured jet 
  quanddes. 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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 SecLon Measurement 

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

Same as Higgs search 
but reverse roles of 
signal and background 

Phys. Rev. LeJ 104, 201801 (2010) 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CDF HWW Opposite sign leptons, 0 Addidonal Jets 

Final Discriminant: NN (NeuroBayes(TM)) 
with Matrix element, and other, inputs 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CDF HWW Opposite sign leptons, 1 Addidonal Jet 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CDF HWW Opposite sign leptons, Two or More Addidonal Jets 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CDF HWW Opposite sign leptons, Low Mll and Same‐Sign Channels 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CDF HWW Trilepton Channels 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CDF HWW Lepton + τhad Channels  (e and μ Channels) 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Two Techniques for Compudng Limits 
CLs (used by D0) 

signal‐like  bkg‐like 

p‐values: 
    CLb = P(‐2lnQ ≥ ‐2lnQobs| b only) 
Green area = CLs+b = P(‐2lnQ ≥ ‐2lnQobs | s+b) 
Yellow area = “1‐CLb” = P(‐2lnQ≤‐2lnQobs|b only) 

CLs ≡ CLs+b/CLb ≥ CLs+b 
Exclude at 95% CL if CLs<0.05 
Vary r undl CLs=0.05 to get Rlim 

Bayesian (used by CDF) 

€ 

0.95 =

′ L (data |R)π (R)dR
0

R lim

∫

′ L (data |R)π (R)dR
0

∞

∫€ 

′ L (data |R) = L(data |R,θ)π (θ)dθ∫

Example: CDF 
at 165 GeV 

Expected limits 
are computed with 
pseudoexperiments 

Expected limits can be computed from 
the distribudons of ‐2lnQ 

€ 

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

L(data |b, ˆ ˆ θ )

 

 
 
 

 

 
 
 

Using Joel Heinrich’s 
and Luc Demorder’s 
“correlated” 
prior – flat in the 
accepted signal 
yield 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CDF Combined HWW Limits, ICHEP 2010 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CDF’s Low‐Mass Searches 
Lepton + MET + bb     ‐‐   Primarily WHlνbb  signal 
MET + bb (veto leptons)  ‐‐ Zνν, but also WHlνbb  
llbb                                      Primarily ZHllbb  
Hττ+2 jets                      WH, ZH, ggH and VBF all included 

What’s not included:  ggHbb:  dominant producdon and decay, but ggbb 
 is millions of dmes bigger. 

We can see Zbb in this last channel 
but the s/b is small and the Z producdon 
cross secdon is about 8000 pb instead of 1 pb 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CDF’s Searches for WHlvbb 
•   Select events with an idendfied lepton (e, mu, or isolated track), MET, 
   two or three jets, and one or more b‐tags 
•   Divide search channels by b‐tag category (one or two tags, loose and dght 
    b‐taggers), lepton, and jet categories.   

•   Different signal and background contribudons, 
•   Different s/b   (beJer dijet mass resoludon in double‐tag events!) 
•   Different systemadcs 

•   Train separate neural networks/matrix element discriminants in each category 

Single b‐tag 
Tight+Loose b‐tag  Two dght b‐tags 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NN Built out of (example,  
double‐dght tag, two‐jet events): 
mjj 
PT Imbalance 
Mmax(l+v+jet) 
Qxηlepton 
Sum ET(loose jets) 
PT(W) 
HT 

CDF’s Searches for WHlvbb 

NN b‐jet 
energy correcdons – 
similar width of mjj 
for signal, but higher 
average, so beJer 
reladve resoludon. 

Does not sculpt  
background 

3‐jet events use 
matrix‐element 
(+ flavor‐separator) 
discriminants 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The Top Two WH Events at mH=115 GeV 

Two in WH NN: 

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

Run 234754  Eve 365736 

Run 264015  Eve 17296825 

This was found as the most Higgs like event at 1.9/� 
analysis (event display was blessed). 

Our BNN re‐finds this event!! 

Two in WH NN, 
Summer 2009 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CDF’s MET+bb Search 
•   Events collected with a MET+jets trigger 
•   MET>50 GeV,   2 or 3 jets, one or two b‐tags, lepton veto to be orthogonal to lvbb  
   analysis 
•   And‐QCD neural network to target dominant background – dijet events 
   with mismeasured MET (usually MET points along one of the jets, and 
   calorimeter MET and track MET are misaligned if it’s fake) 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CDF’s MET+bb Search 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CDF’s llbb Search 

•   High purity sample of Zee, Zμμ + jets 
•   Technical challenge to loosen all the lepton ID requirements and calibrate 
   efficiencies and fake rates for loose lepton categories 
•   Special feature:  No real MET in signal events (and most background events). 
   Use MET projecdons and a neural network to improve mbb resoludon 
•   Low expected signal yield though (Br(Zll) ~ 3%) 

Example yield table: 
Two dght b‐tags 

High s/b and low s/b 
indicate different 
lepton ID categories 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T. Junk Stat. Tools for Higgs Combinadon CDF/Tev Higgs Combo ICHEP 2010 Tom Junk 

Three High s/b Candidates in the llbb Channels 

s/b of each of these events is 0.3 to 0.4  48 Tevatron SM Higgs Searches T. Junk 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Higgs Boson Couplings to Photons


H. Haber, HCPSS 2008 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A New Diphoton Channel 

•   Uses triggers based on 2 or more EM clusters.  Lower‐energy threshold triggers 
   have isoladon requirements, higher‐energy triggers loosen this. 
   Single‐photon triggers 
•   Photons are required to be central ‐‐ |η|<1.04 
•   Isoladon required – < 2 GeV of tracks poindng at a photon candidate and < 2 GeV 
  of non‐photon candidate calorimeter energy 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What These Look Like for a 5.0σ Observadon 

CDF Single Top, 3.2 �‐1 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Tevatron Correlated SystemaLc UncertainLes I 
Total Systemadc error count: 109 (not coundng bin‐by‐bin errors) 

Note: correladon in errors on backgrounds between experiments helps 
sensidvity!  One experiment is another experiment’s control sample. 

Luminosity:  3.8% Correlated CDF and D0 σinel(ppbar) 
                     4.4% detector‐specific 

Diboson Cross Secdons:  WW, WZ and ZZ 
Cross secdons used (6% reladve uncertainty) 
σWW = 12.4 ± 0.7 pb 
σWZ = 3.7 ± 0.2 pb 
σZZ = 3.8 ± 0.2 pb 

Jbar Cross Secdon:  Moch and Uwer, evaulated at  
   mt=172.4±1.2 GeV is σJ=7.794 with a 10% syst. assigned 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Tevatron Correlated SystemaLc UncertainLes II 
Signal Cross Secdon uncertaindes: 
   WH, ZH:  ± 5% 
   gg→H:    ± 23%  (Weighted over the jet bins with different uncertaindes) 
   VBF:        ± 10% 
These uncertainLes are treated like other systemaLc uncertainLes, e.g. 
acceptance uncertainLes. 

Applied to SM interpretadons, but taken off for cross‐secdon dmes branching 
rado limits. 

CDF‐D0 Uncorrelated uncertaindes:   
  K‐factors (data driven) 
  trigger efficiency 
  b‐tag efficiency and mistags 
  jet energy scale 
  lepton ID, fakes and conversions 
  MET modeling 

Correlated within 
CDF and D0 where 
appropriate 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Steps Required for CombinaLon 

•   Histograms and named rate and shape errors exchanged 
•   Check stacked histograms and systemadc tables 
   with analysis documentadon total counts:  
         data, signal, background 

•   look for bins with b=0 and have data events (bad!) 
•   Repeat individual channel limits ‐‐ compare against 
   approved results. 
•   Assess correladons on systemadcs 

CDF and D0 teams each do three combinadons, using Bayesian 
   and CLs techniques. 
      CDF 
      D0 
      Tevatron 
       Consistency at the beJer than 5% level required for all 
       combinadons at all test masses.  Take the Bayesian limits (a priori, 
     if for no reason than because we always have). 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−2lnQ ≡ LLR ≡ −2ln L(data | s+ b, ˆ θ )

L(data |b, ˆ ˆ θ )
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Looking for a Hint of a Signal 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T. Junk Higgs Hundng Exp. Summary 31 Jul 2010 

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 condnue to improve our analyses 
as well as collect more data. 

Muldvariate analyses are preJy much at their 
limit:  We now seek more acceptance, looser 
requirements, new channels... 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PRL in February 2010 

•   Issues:  not all input channels are final and published. 
   low‐mll, taus and trileptons (new for Moriond 2010).  Most low‐mass channels 
   are newer and have more data than their last publicadons. 

•   Sdll want to publish the test of mH~2MW.  So publish three PRL’s, one from CDF, 
  one from D0, and one combining them, for all the OS+SS channels. 

•  On agreement of CDF and D0, produce a single author list sorted alphabedcally. 
   1042 Authors!   132 Insdtudons! 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Inclusive Search for Standard Model Higgs Boson ProducLon in the WW Decay  
Channel Using the CDF II Detector 
T. Aaltonen et al. (CDF Collaboradon) 
Phys. Rev. LeJ. 104, 061803 (2010) – Published February 12, 2010 

Search for Higgs Boson ProducLon in Dilepton and Missing Energy Final States  
with 5.4  :‐1 of pp̅ Collisions at sqrt[s] =1.96  TeV 
V. M. Abazov et al. (D0 Collaboradon) 
Phys. Rev. LeJ. 104, 061804 (2010) – Published February 12, 2010 

CombinaLon of Tevatron Searches for the Standard Model Higgs Boson  
in the W+W‐ Decay Mode 
T. Aaltonen et al. (CDF and D0 Collaboradons)    1042 Authors! 
Phys. Rev. LeJ. 104, 061802 (2010) – Published February 12, 2010 

February 2010 PRLs 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The February 2010 HWW (well, llMET really) CombinaLon PRL 

mH excluded between 162 and 166 GeV 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We made the cover! 

And we are the subject 
of a Viewpoint ardcle 
by Klaus Mönig 

hJp://physics.aps.org/ardcles/v3/14 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Fourth GeneraLon Analysis Strategy 

•   Not a straight‐up model drawn on the same exclusion curve: 
•   σ(ggH) is enhanced by a factor of 9 (mH=100 GeV) to 7.5 (mH=300 GeV) 
   but WH, ZH, and VBF remain unchanged 
•   SM combinadon assumes SM mixture of ggH, WH, ZH, and VBF 

•   Strategy: 
•   Remove WH, ZH, and VBF signals, and retrain discriminants just for ggH 
•   Extend mass range 110<mH<260 GeV  (up to 300 GeV coming soon) 
•   Compute σ(ggH) assuming enhancement factor from Tait, Plehn, Kribs 
   and Spannowsky’s HDECAY.  Note:  2‐loop EW piece does not get enhanced! 
      But the interference term does (but by only one power).  
     Waidng for a full NNLL calculadon, but private communicadons indicate 
    we’re very close with this prescripdon. 
•   Set limits on σ(ggH) x Br (HWW).  Draw theory curves on top 
•   Also produce a mass limit assuming theory and uncertaindes treated the 
   same way as for the SM. 

•   Something to be careful about at high mH:   ΔΦll no longer peaks at low 
   values for the signal.  W’s are boosted! 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Four GeneraLons and Higgs Physics 
Kribs, Tait, Spannowsky, Plehn 
Phys.Rev.D76:075016,2007.  
arXiv:0706.3718 [hep‐ph]  

Fourth GeneraLons Possible – Affects the 
 Precision EW Constraint on mH 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Higgs Boson Decay Branching FracLons and Scenarios 

ggH coupling is enhanced, so Br(Hgg) is enhanced. 

SM  (Spira) 
4G (Kribs, Tait, Plehn, Spannowsky)  

Two Scenarios:  “Infinite Mass: “ M(f4)=1 TeV,   Low‐Mass:  M(b4)=128 GeV, M(t4)=256 GeV, 
                                                                                    M(l4)=100 GeV, M(v4)=80 GeV 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Candidate Summaries in the ggH Searches,  
Summed over CDF+D0, all Channels 

Bins sorted by s/b, and summed over all channels. 
Signal normalized to the infinite‐mass scenario 

Tesdng the Fourth‐Generadon “infinite‐mass” scenario at mH=200 GeV 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Background‐Subtracted Data DistribuLon, with Signal 

Background model has been fit to the data and subtracted 
Error on data – background is sqrt(background) 
Blue histogram is the post‐fit uncertainty on the background. 

Assuming a Fourth  
generadon 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Test of the Fourth GeneraLon Hypothesis with mH 

130<mH<210 GeV (approx.) 
   Excluded assuming a 4th Generadon 

arXiv:1005.3216 (2010) 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Tevatron SM Higgs 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T. Junk Higgs Hundng Exp. Summary 31 Jul 2010  75 

Muldvariate Analyses and Mass Measurement 

lvjj 
Diboson 

lvjj 
Sinlge top 

CDF 

CDF 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A
ccepted by PRD

 



Leveraging our Rate Measurements to 
    Measure the Higgs Boson Mass 

Assuming SM cross secdons and branching fracdons, measured rates are strong 
funcdons of mH.  Example at mH=115 GeV, assuming +3 sigma excess, and a median 
outcome in both the bb,ττ channels and the WW channels: 

Tau channels can contribute here, even with 
less precise mrec than the bb channels 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What this looks like at all mH, assuming gevng the median SM outcome and have a 
+3 sigma excess 

Assumes:  Same uncertainty on cross secdon dmes  
b.r. for equal lumi and in bb+ττ and WW channels 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Sdrring it All Together – The LLR Test 

Assuming observed and expected +3 sigma 
excess, and median outcome.  Resoludon from 
‐2ΔLLR = Δχ2=1 

Resoludon at 115 GeV:  ±5 GeV 
Resoludon at 135 GeV:  ~±10 GeV 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Summary 

•   The Tevatron is working VERY WELL!   
     We congratulate the Beams Division for their achievements. 

•   CDF and D0 have vigorous Higgs boson search efforts 

•   CDF and D0 together exclude mH between 158 and 175 GeV assuming the SM 
    And we expected to do that!  (assuming a Higgs boson is truly not there). 

•   CDF Sensidvity alone is at the SM level at mH=165 GeV 

•   CDF and D0 together exclude mH between 130 and 210 GeV (approx)  
   assuming a fourth generadon of heavy fermions exists 

•   CDF and D0 hope to accumulate 10 to 12 �‐1 of data by the end of Run II. 
   Possible run beyond 2011 would raise this number. 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Backup Material 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81 

Parton Luminosides – Comparing 14 TeV LHC to 
 10 and 7 TeV LHC, 
and the Tevatron 

Tevatron:  10 �‐1 analyzable/exp at 
1.96 TeV by end 2011.  Asking for three 
more years. 
LHC:  1 �‐1 per exp by end 2011. 
Much more data and energy later 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November 2009 CombinaLon (Low and High‐mass) for HCP 2009 

does not include new WW trilepton or tau channels, CDF lumi=4.8 �‐1 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Studies of Injecdng 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 distribudon of limits assuming 
   the signal is completely absent. 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Passarino, Zurich 2009 

Comparing H→γγ with gg→H coupling shivs 

Coulomb singularity 
not present in 
ggH coupling 

Moderated by ΓW and ΓZ 

Passarino 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Comparing Pythia DifferenLal DistribuLons to NLO and Resummed PredicLons 

Anastasiou, Dissertori, Grazzini, Stockli, and Webber 2009 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Cross Secdons and Branching Fracdons used for ICHEP 2010 

ggH:  Grazzini and de Florian; Anastasiou, Boughezal, Petriello 
WH, ZH:  Baglio and Djouadi (June 2010, update in hep‐ph Sep. 2010 came too late, 
  even though we knew about it a few weeks before ICHEP by e‐mail) 
VBF:  MCFM 
Branching Fracdons:  Spira’s HDECAY v.3.53 (April 2010) 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