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The State of the Standard Model 
and the Higgs Search

John Hobbs,  Stony Brook
for the CDF and D0 Collaborations
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Outline

•
 

Tevatron, experiments
•

 
Indirect constraints

New W mass measurement

•
 

Direct Higgs Search
Low mass mH

 

< 135 GeV
High mass mH

 

> 135 GeV
•

 
Summary and future

Limit to results new since APS Apr. ‘08

Focus on EWSB and Higgs
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The Tevatron
pp collisions at
√s = 1.96 TeV

Running extremely well
(thanks, FNAL!)
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The Tevatron
Ppbar

 
collisions at

sqrt(s) = 1.96 TeV

Running extremly
 

well
(thanks, FNAL!)

CDF & D0 results in this 
talk, 2 –

 
4.2 fb-1
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CDF & D0

Silicon vertex
Wire-based tracking
Lead/Scint

 
calo

Muon

Silicon vertex
Fiber-based tracker
U-LAr

 
calo

Muon

Somewhat different acceptances
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Physics Introduction

•
 

Standard model has a mechansim
 

for 
electroweak symmetry breaking(EWSB)
–

 
Allow massive W, Z and gauge invariance

–
 

Accomplished via the Higgs mechanism
•

 
Access to EWSB/Higgs sector by either
–

 
Standard model internal consistency

–
 

Search for Higgs production
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Last Year @ APS

Mar.
2008

Indirect Constraints
Fit SM measurements
as function of mH

 

.
90% CL, mH

 

<160 GeV

Direct searches
mH

 

>114.4 GeV
 

@95% CL
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Indirect Constraints: Limiting Issues
•

 
Constraint limited by precision of
–

 
Top mass, mtop

 

(See V. Sorin’s
 

talk)
–

 
W boson mass, mW

W Wt

b

W W
H

Mar.
2008



5/2/9 APS April Meeting 9

W boson mass
•New measurement from D0

– W -> eν
 

mode
–

 
Cannot measure ν

 
or W 

momentum along beam
Use variables defined in 

transverse plane

– Cannot predict analytically
Distributions from     
parametric simulation
critical to analysis!

Electron energy resolution (η=0)
σE

 

/E = 3.6%

 

at 50 GeV

pT
e, ET

 

, mT
mT

 

= √2 pT
e

 

ET (1-cosΔφ)
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W boson mass
•

 
Tune parametric simulation w/full sim, 
and data; ultimately Z->ee

 
data events

EM response and
resolution in MC
tuned from Z->ee

one of many
control plots, mee

Find mZ

 

= 91.185+-0.033 GeV
agrees with world avg.

mZ

 

= 91.188 GeV
used as input

70

70

110mee

 

, GeV
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W boson mass
•

 
Fit data to simulated distributions (with 
varying true mW

 

) to determine mW

Tested methods
w/full simulation
treated as data

For data, blinded
W mass value until
control plots OK

mT

Also fit pT
e, ET

50

50

100

100
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mT

 

:   mW

 

= 80.401 +-
 

0.023 (stat) +-
 

0.037 (syst) GeV
pT

e:      = 80.400 +-
 

0.027           +-
 

0.040 
ET

 

:
 

= 80.402 +-
 

0.023           +-
 

0.044

W boson mass

Most experimental
uncertainties
limited by Z->ee
statistics,

improve with
more data

1.0      0.83   0.82
0.83    1.0     0.68
0.82   0.68    1.0

Correlation
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W boson mass

Future, CDF:  2 fb-1, σ(mW) =
 

25 MeV
D0:  10 fb-1,                 17 MeV

 
(if same theory)

New measurement will 
have significant impact 
on uncertainty of
world average

Phys. Rev. Lett. 99, 151801 (2007). 
Phys. Rev. D77, 112001 (2008). 

(Does not include 
new D0 result)

Combine (w/corr),   mW

 

= 80.401 +-
 

0.043 GeV
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On to Direct Higgs Search
• Production • Decay

mH

 

< 135 GeV
H->bb

mH

 

> 135 GeV
H->WW

Main modes:
pp -> WH, ZH for mH

 

< 135 GeV
pp -> H                       > 135 GeV

See M. Kirby talk…

80 200mH

 

(GeV)

100 200mH

 

, GeV
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Higgs Search: Low Mass
•

 
Primary channels
–

 
WH -> lνbb

–
 

ZH -> llbb
–

 
VH -> ET

 

+bb
ZH -> ννbb
WH -> (l)νbb

•
 

Additional new channels for Mar. ’09
–

 
WH -> τνbb

 
H -> γγ

–
 

VH, VBF -> ττbb/jjττ
–

 
VH -> jjbb

–
 

ttH
 

-> ttbb
V = W or Z
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Low Mass: WH->lνbb, ZH->llbb
•

 
Typical base selection

1 (W) or 2 (Z) high pT

 

e, μ
 

:  pT

 

>20 GeV
ν(W): ET

 

>20 GeV
≥2 jets pT

 

>20 GeV

•
 

Backgrounds
–

 
W/Z+jets

–
 

W/Z+b’s
–

 
tt, t

–
 

diboson
–

 
QCD

A three step approach
1. V+jets

 
base selection 

2. V+bjets
3. Multivariate final step
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Low Mass: WH->lνbb, ZH->llbb
•

 
Apply b identification: 1 or 2 b-ID jets
–

 
Split by jet & b mult/type, different S/B

W+dijets
 

(2tag)
improved S/B

Main bkgs
W+bb
tt

signal x 10
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Low Mass: WH->lνbb, ZH -> llbb
•

 
Apply multivariate technique(s) to gain 
maximal sensitivity

signal x10

Dominant systematic
uncertainties:

10%  NN, 
30% W+bb

 

(10% overall)

mH

 

= 115 GeV

NN inputs
pT

 

(J1)
pT

 

(J2)
ΔR(JJ)
Δφ(JJ)
pT

 

(JJ)
m(JJ)
pT

 

(l,ET

 

)
Matrix Element
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Low Mass: VH -> ET
 

+jets
•

 
Signal Modes
–

 
ZH -> ννbb

–
 

WH -> (l)νbb,  w/l
 

not found;  esp. l=μ
–

 
or WH/ZH with e.g., τ

 
reconstructed as jet

•
 

Higher bkg
 

from QCD, pp -> jets
–

 
no charged lepton

–
 

ET

 

from resolution or misreconstruction
•

 
But, sensitivity similar to WH->lνbb!
–

 
Higher σxB

50%/50% mix of Z/W signal modes
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Low Mass: VH -> ET
 

+jets
•

 
Basic Selection
–

 
Significant ET

 

,  >30 GeV
 

or >50 GeV
–

 
>=2 jets, typically higher pT

 

for one
–

 
Angular requirements: jets, ET to reject 
mismeasured

 
jets

•
 

Higher multijet
 

(QCD) background large 
and hard to model from simulation
–

 
Use data control samples and tag 
probabilities
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Low Mass: ET
 

+bb, QCD bkg
4 regions: 1 –

 
ET

 

near jet  (QCD enhanced)
2 –

 
loose lepton    (EW, top enhanced)

3 –
 

QCD NN low   (QCD enhanced)
4 -

 
signal

Dijet mass
single tag

mH

 

= 115 GeV

CDF
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Low Mass: ET
 

+bb
•

 
1st

 
NN to reject non-signal like bkgs

 
(QCD)

•
 

2nd

 
NN to separate remainder

signal

mH

 

= 115 GeV

QCD veto NN

Final selection
NN output

(2 tag)

CDF
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Low Mass, ET
 

+bb: Yields

Systematic uncertainties
QCD normalization   5.5% -

 
20.6%

b-tag efficiency       4% -
 

12.4%

Note the S/B dependence on tag multiplicity

QCD background 40%-60% of total

1 tag 2 vtx

 

tags vtx+JP

 

tagsCDF, MET+bb
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Example Improvements
WH,

add matrix element(ME)           use ME as NN input
isolated track
jet energy meas.

ET

 

+bb,
1 tag; 1 loose + 1 tight
relax ET

 

cut

ZH
more triggers                          Z: l

 
+ track

expanded l
 

acceptance            electrons in cal. “gap”
kinematic

 
fit
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Low Mass: Summary

Analysis Channel
Lumi
(fb-1)

Higgs Yield
(evts)

Exp. Limit
σ95

 

/σSM

Obs. Limit
σ95

 

/σSM

WH -> lνbb
 
new

CDF (NN,ME,BDT) 2.7 8.4 4.8 5.8
D0 (NN)             new 2.7 13.3 6.7 6.4

ZH/WH, ET

 

+bb
CDF(NN), ST+DT new 2.1 7.6 5.6 6.9

D0 (BDT),  DT only 2.1 3.7 8.4 7.5

ZH->llbb
CDF NN 2.7 2.4 9.9 7.1

ME               new 2.7 2.4 12.3 7.8
D0 BDT            new 4.2 3.1 8.0 9.1
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D0 candidate
H->WW->eνeν

Higgs: High Mass: H->WW
•

 
Main mode, gg->H->WW -> lνl’ν’

Also WH -> WWW,WZZ:  like-sign leptons

•
 

Major Backgrounds
Z -> ll

 
(except eμ)

WW -> lνl’ν’
tt

 
(esp. eμ)
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High Mass, H->WW->lνl’ν’
•

 
Basic Selection (indicative)

2 charged leptons (e,μ).  Typically pT

 

> 15 GeV
ET

 

> 20 GeV
•

 
Follow up selection

MT
min(l,ET

 

) > 30 GeV
Δφ(ll) <2.0

ttbar

Diboson
QCD

Signal x10

mH

 

= 160 GeV

Big range of yield and S/B
for different final states

Same sign leptons
(new category)

Signal x 10

CDF, 3.6 fb-1; mH = 165 GeV

Z+jets
W+jets
diboson

ET

ET
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H->WW
•Multivariate analysis & results

ee, eμ, μμ

Channel
Lumi

 
(fb-1)

Higgs 
Yield

Exp. 
Limit

Obs. 
Limit

CDF ME+NN 3.6 20.3 1.5 1.3
DØ

 

NN 4.2 23.2 1.7 1.3

Main systematics:
cross sections
jet calib, energy

CDF, mH

 

= 165 GeV; 1 jet, high S/B

NN output
WW
DY          Signalx10

NN output
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Results & Combination
•

 
No single channel nor experiment alone will 
be sufficient

•
 

Combine using shape information (e.g. NN)
–

 
Binned likelihood for each final state
Both for B only and S+B using ensembles

Two methods, results within 10%
–

 
Maximize benefit from S/B variations
Many subdivisions: lepton species, number of jets, 

number of tags, …
–

 
Let systematic uncertainties float within est. 
uncertainty (profiling)

See http://tevnphwg.fnal.gov/
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Combination
Result of full combination: CDF & D0, all channels

arXiv:0903.4001

Observed
Expected, B only
68% of exps.
90%
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Return to the global summary

March
2009

First exclusion region
from Tevatron!

Does not include new
W mass

Fit includes new mtop
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CDF+D0

Higgs Search: Future
•

 
These results 1 –

 
4 fb-1.  Expect  8 fb-1

 .
 
(or more?)

•
 

What else?
More modes
Improve methods:

tagging
mass resolution
lower thresholds
categorizing (S/B)

…and many others…
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Summary
•

 
Indirect measurements, mW
–

 
New from D0: mW

 

= 80.401 +-
 

0.043 GeV
–

 
Expect 8x(D0) –

 
40x(CDF) more data

•
 

Higgs search: 1st

 
TeV

 
exclusion region!

–
 

160 GeV
 

< MH

 

< 170 GeV
–

 
mH

 

=115 GeV, Obs(Exp) Limit at 2.4(2.6)xSM
continuing w/more data and technical 

improvements

Much more to come over the next year!
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W Mass talks

Session C13: 
Measurement of W boson mass using  the ratio 
method at D0 (F. Guo)

Session L14:
Measurement of W boson mass at D0 (J. Guo)
A precision measurement of the mass of the 

W boson at the DZero
 

experiment (Osta)
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Standard Model Higgs Talks

Session D9: Mini-Symposium on Standard Model
and Higgs

Session G12. Higgs II
Session X14: Higgs III

And one in Session J10:
Search for a Higgs Boson Produced in Association 

with W Boson using a Neural Network Approach
at CDF (Nagai)
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