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= light SM Higgs boson strongly favored
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leptons

electrons |Nn|< 2
muons |N|< |.5

jets
coverage |n|< 2.8

b tagging |[n|< |.4
energy scale ~|%

dijet mass: 16%

CDF in Run 2




leptons

electrons |n|< 2.6
muons |N|<2

jets
coverage [n|< 3
b tagging [n|< 2
energy scale ~|%

dijet mass ~16%

DO in Run 2



SM Higgs

SM Higgs boson production cross section
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SM Higgs boson production cross section
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SM Higgs

SM Higgs boson production cross section
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SM Higgs

SM Higgs boson production cross section
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SM Higgs branching ratios (HDECAY)
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SM Higgs

: SM Higgs branching ratios (HDECAY)

light SM Higgs boson

bb decay dominates
TT plays a role 0.1

10-2

10°

40 160 180 200
my, (GeV/c?)

3
100 120

SM Higgs boson decay



SM Higgs

: SM Higgs branching ratios (HDECAY)

light SM Higgs boson

bb decay dominates
TT plays a role 0.1

heavy SM Higgs boson 107

WWV decay dominates
ZZ: U BR too small
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SM Higgs

gg—=H—bb/TT suffer too much background

= low mass channels: WH and ZH (with leptons)

SM Higgs Search Channels
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= low mass channels: WH and ZH (with leptons)

SM Higgs Search Channels



SM Higgs

gg—=H—bb/TT suffer too much background

= low mass channels: WH and ZH (with leptons)

bb modes demand
- excellent b tagging
- sharp bb mass resolution
- solid control of background

SM Higgs Search Channels



SM Higgs

Even with optimal conditions, bb modes are a challenge!

2003 Higgs Search Committee report:
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Can we really observe such feeble dijet mass excesses!

Run 2 Higgs Reach

I 10% méss re'solut.ion ]
NN factor applied

| WH, my=115 GeV

Mpp (GEV)

80
60 |
40+

20t

ZH, my=115 GeV

T iy T T .
10% mass resolution

Mpp (GEV)



SM Higgs

oxr (|3DF F}ulnlll If’rlelilminlarly

Q == p—

. E 6; Data (3.5 fb'1)_ |

Look for WW/WZ in g % =K Uncorany _
the MET+jets final 2 %ﬁ_ | Signal Uncartinty |

N

state

We can reconstruct
di-jet mass peak above
large background

0.4 | e ' ' -
0.2 2

0.0
0.2~ | | -

40 60 80 100 120 140 160

WW/WZ All Hadronic

Dijet mass (GeV/c?)




SM Higgs

, gg>H->WW (OS leptons)
High mass search channels:
H—=VWW  (SS leptons)

CDF analysis
oy OS + 0 jets, | jet, 2 jets
v SS+ >1 ]et
: : W+ .
For Higgs, exploit angular v —> — =&
correlation of leptons & &5 o .
due to W polarization v W- <

High Mass Search Channels



SM Higgs

New result shown first at this conference:
CDF SM H—=WW using 4.8 fb"!

CDF Run 2 Preliminary 4.8 fb-1
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High Mass - WW




SM Higgs
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SM Higgs

No signal seen - combine all four channels to set limits

0* CDF Run 2 Preliminary - OS+SS Expected
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DO has very similar analysis; will update soon with full set

High Mass - WW




SM Higgs

Should we really believe such complicated analyses
using neural nets, boosted decision trees, etc?

Existence proof:
single top discovery

Both CDF and DO
achieved >5 sigma

significance using
ME, NN, BDT

MVA techniques




SM Higgs

Should we really believe such complicated analyses
using neural nets, boosted decision trees, etc?
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SM Higgs

Should we really believe such complicated analyses
using neural nets, boosted decision trees, etc?

CDF Preliminary 3.2 fb"

Existence proof: il
. i 3 [ Single Top
single top discovery 108 Os

[]W+HF
WW+LF

Both CDF and DO

achieved >5 sigma

significance using
ME, NN, BDT

Candidate Events
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Normalized to Prediction

Super Discriminant

MVA techniques




SM Higgs

CDF and DO combine all channels
using combined likelihood

Bayesian, CLs methods

Include (possibly correlated)
systematic uncertainties:

K factors

jet energy scale

lepton efficiency

b-tag efficiency/scale factors

MET modeling

CDF + DO Exclusion Limits
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SM Higgs

Tevatron Run 2 Preliminary, L=0.9-4.2 fb™
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SM Higgs

Tevatron Run 2 Preliminary, L=0.9-4.2 fb™
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SM Higgs

Tevatron Run 2 Preliminary, L=0.9-4.2 fb”
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SM Higgs

Tevatron Run 2 Preliminary, L=0.9-4.2 fb
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SM Higgs

SUSY/Higgs Workshop
- Higgs Sensitivity ('98-'99) -
- Study ('03)
| statistical power only
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Run 2 Higgs Reach



SM Higgs

SUSY/Higgs Workshop
- Higgs Sensitivity ('98-'99) -
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SM Higgs

SUSY/Higgs Workshop
-Higgs Sensitivity ('98-'99) 3
- Study ('03)
| statistical power only
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Why has the Tevatron not achieved this yet!?

Run 2 Higgs Reach




SM Higgs

Low mass sensitivity not as good as studies:

- new silicon would have improved b-tag coverage

- MET channel (vvbb) trigger efficiency not 100%
- bb mass algorithms not 10% in all channels

Low Mass - Vbb



SM Higgs

Low mass sensitivity not as good as studies:

- new silicon would have improved b-tag coverage

- MET channel (vvbb) trigger efficiency not 100%
- bb mass algorithms not 10% in all channels

Greatly exceeded expectations in a number of areas:

- added tau channels (~10%)

- Ubb channel much better than expected

- high-mass channels: more powerful methods
- MVA techniques greatly enhance sensitivity
- can still deploy better bb mass algorithms

Low Mass - Vbb



SM Higgs

The “main event” is still the low mass bb channels...

VVbb {vbb Ubb
CDF 2.1 fb! 2.7 fb’! 2.7 fb!
DO 1.6 fb! 2.7 b 4.2 fb!

We anticipate updates soon in a number of these!

VVbb: expected to be the most sensitive
{vbb: heavily studied final state
Ubb: best mpb resolution, low BR

Low Mass - Vbb




SM Higgs

The “main event” is still the low mass bb channels...

VVbb {vbb Ubb
CDF 2.1 fb! 2.7 fb’! 2.7 fb!

D0 16"

We anticipate updates soon in a number of these!

VVbb: expected to be the most sensitive
{vbb: heavily studied final state
Ubb: best mpb resolution, low BR

Low Mass - Vbb




CDF Run 2 Preliminary, 2.1 fb"!
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cannot quite

see peaking

background
WZ/ZZ

CDF Run 2 Preliminary, 2.1 fb"!
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CDF Run 2 Preliminary, 2.1 fb"!
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CDF Run 2 Preliminary, 2.1 fb"!

AN .
22
R e Data
20

18 1 I Multijet
Y b Il Top Pair
s B Single Top
14 Diboson
12 o Z/IW+H.F.
10 Background Error

— H (115 GeV) x5

N A OO0 ®

IllllllllllllllllllllIIIIII|III|IIIIIIIIIII|II

o

100 150 200 250 300 350 400 450

M, (GeV)

room for improving
Higgs mass resolution

Low Mass - VVbb




CDF Run 2 Preliminary, 2.1 fb"!
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SM Higgs

Ve
\\\ b LN
Use neural nets to reduce multijet
background, distinguish Higgs signal
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Split sample into

2-jet and 3-jet

final states, with

| or 2 b tags
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Low Mass - {vbb
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L=271b" W+ 2ets

L=271fb"’ W + 2Jets
105 D@ Preliminary (@) ©Duta

10°%c DOPreliminary ® Data

Events
Events

Split sample into

_' 3_' 0.2 0 02 04 06 08 1 12 0.2 0 02 04 06 08 1 1.2
2 let and ]et 1 b-tag NN output 2 b-tag NN output
final states, with 8w wemwem | 2 Fiogw wewrmws
> D@ Preliminary = e Da S L D@Preliminary e oDua
L i L E +]
| or 2 b tags G | G G
- .ﬁ'
102E Eweb

Use NN output
to discriminate
Higgs signal

1
02 0 02 04 06 038

. "02 0 02 04 06 08

1.2

1 1.2

1 b-tag NN output 2 b-tag NN output
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Events / Bin

10

Clean Z tag, no :
missing energy "
= good bb mass
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DO Preliminary, 3.1 fb-1
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SM Higgs

Higgs search predictions from 2000, 2003 used only bb

Add tau modes! Z—=TT/W—-TV and/or H—=TT

SM Higgs Search Channels



SM Higgs

Higgs search predictions from 2000, 2003 used only bb

Add tau modes! Z—=TT/W—-TV and/or H—=TT
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SM Higgs Search Channels



SM Higgs

Higgs search predictions from 2000, 2003 used only bb

Add tau modes! Z—=TT/W—-TV and/or H—=TT

T

T

...and others: a sort of “kitchen sink” approach
brings about 10% additional sensitivity

SM Higgs Search Channels




SM Higgs

With two experiments,
over a dozen channels,
and complicated MVA
techniques, what would
a discovery look like!?

Tevatron Discovery!?



SM Higgs

With two experiments,
over a dozen channels,
and complicated MVA
techniques, what would
a discovery look like?

Put each event in bins
of S/B histogram:
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=

104}

10

T’

=

10 |

'
[ %]

10

10

Tevatron Discovery!?
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SM Higgs

Wlth two eXPe ri ments, Tevatron Run 2 Preliminary, L=1.1-4.2 fb

10°
over a dozen channels, " | . « Tevatron Data
. @ 4 H™ ~ Background
and complicated MVA 2" |, B Signal
techniques, what would 17}
a discovery look like? 02 et ettt |
. ) 10 L "-
Put each event in bins t
: 1|
of S/B histogram: N
10 | M
10 2 l
10 -4 -3 2 I (I) 1
log,,(s/b)

Tevatron Discovery!?



MSSM Higgs

SM Higgs suffers hierarchy problem
= Higgs sector is more complicated!?
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SM Higgs suffers hierarchy problem
= Higgs sector is more complicated!?

MSSM: minimal supersymmetric model greatly reduces
hierarchy problem (scalars cancel fermion loops)




MSSM Higgs

SM Higgs suffers hierarchy problem
= Higgs sector is more complicated!?

MSSM: minimal supersymmetric model greatly reduces
hierarchy problem (scalars cancel fermion loops)

MSSM: Type-Il two-Higgs doublet models

- one doublet gives mass to up type quarks
- other doublet gives mass to down-type quarks/leptons

MINIM




MSSM Higgs

SM Higgs suffers hierarchy problem
= Higgs sector is more complicated!?

MSSM: minimal supersymmetric model greatly reduces
hierarchy problem (scalars cancel fermion loops)

MSSM: Type-Il two-Higgs doublet models

- one doublet gives mass to up type quarks
- other doublet gives mass to down-type quarks/leptons

Five Higgs bosons, masses governed by ma, tanf3

MINIM




MSSM Higgs

300
&'\250_ . .
200 Almost a no-lose situation:
¢ . must be a light scalar h

€100 | 5
50 L tanp=2 h
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low m(A) high m(A)

MINIM
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- bb and TT decay modes dominate experimentally
- TT is the most sensitive: main background is Z

MSSM Higgs Decay
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MSSM Higgs

Tau pair search:
demand one e or [

plus one hadronically e/H
decaying tau, or
another e or U

no activity
Main background is in region
from Drell-Yan outside
Z/y*—TT: use mass signal cone
to distinguish signal T

from background

Tau Pair Search
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nMSSM: solve “little hierarchy problem™

by adding additional Higgs singlet
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2xCDF Preliminary Projection, m ;=115 GeV
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CDF/DO0 will likely ultimately have ~10 fb-'/experiment

Can we see a 120 GeV Higgs!?
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March 2009: ATLAS
SM Higgs reach at
|4 TeV cm energy
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CDF and DO have drawn first blood in the search
for the SM Higgs, excluding the region 160-170 GeV

New combination soon - expand excluded region

MSSM search is statistics limited: new scientific
ground broken with every update

An SM Higgs at ~120 GeV is exceedingly difficult to
discover and will take a number of years more

A 5-sigma discovery by the Tevatron at low mass is
very unlikely, but an exclusion could happen soon!

Conclusions



Nature will, in all likelihood, surprise us!

Conclusions



