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Outline of Tevatron Presentations

Progress of the Tevatron experiments since June
PAC meeting - Rob Roser

DZero detector radiation aging and collaboration
manpower through 2014 - Stefan Soldner

CDF detector radiation aging and collaboration
manpower through 2014 - Giovanni Punzi

Answers on PAC questions about Higgs sensitivity
and mass resolution — Dmitri Denisov
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The Brief Scorecard....

~100 New Tevatron Results presented In
Paris at ICHEP 2010

Web pages with the details for DO and CDF
listed here.

Most of these results use ~6 fb-1 of data!

10 papers published in PRD/PRL

A large number of articles in the scientific

press regarding Higgs Results and Run Il
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http://www-d0.fnal.gov/Run2Physics/D0ICHEP2010.html
http://www-d0.fnal.gov/Run2Physics/D0ICHEP2010.html
http://www-d0.fnal.gov/Run2Physics/D0ICHEP2010.html
http://www-cdf.fnal.gov/physics/S10CDFResults.html
http://www-cdf.fnal.gov/physics/S10CDFResults.html
http://www-cdf.fnal.gov/physics/S10CDFResults.html
http://www-cdf.fnal.gov/physics/S10CDFResults.html

Future Legacy: Precision Top Mass
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Observation of Y(4140)
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Hints and Excesses

search for t’ quarks
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search for ttbar resonances
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Constraints on Higgs mass

@ Electroweak constraints
— LEP2 and Tevatron (prel.)
|n MH C AMW C Mt2 .54 - LEP1 and SLD
H . 68% CL
”rmﬂ? \ s ’)"M"":a A NeW Mtop
WY “a?‘xﬂ,*"?\ﬁf Y ”\f}\‘,ﬂ"’ {{\_‘_ﬂ / “ﬁ‘f\‘;vh‘ CDF+DO :

ZIW ZIW . b
» Other precision electroweak

observables

® LEP direct searches

b QE >114.4 GeV @ 95% /1: @Q@

® Tevatron direct searches

173.3+1.1 GeV |}

Precision Fit finds
mu = 89.0 *3° 56 GeV
mu < 158 GeV @ 95% CL b




SM Higgs at the 'I;evatron ;
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Tevatron Higgs storyline (Reminder)

@ How to build an advanced Higgs analysis program

» Start with basic analysis for particular channel
» Bootstrap special techniques to gain sensitivity

o Improve acceptance

. Loosen lepton ID & b-tag requirements
. Add backup triggers
. Relax kinematic selection

o But...backgrounds increase & become difficult to model

. Incorporate specialized background rejection techniques

. Don’t cut, separate events into categories with alike S/sqrt(B)
- High S/sgrt(B) gives best signal sensitivity
- Low S/sqrt(B) gives best background constraints

. Use multivariate techniques to distinguish signal from bkgd

. Background modeling checks ! Data must stay well modeled !

@ Repeat for each Higgs topology per grad student

@ Combine modes taking into account uncertainties correle_}led _
between backgrounds 3& Fermilab



Validating background models

@ H—WW topologies have different main backgrounds:
» Isolate control regions to test rate & shape of dominant backgrounds

COF Run N Preliminary

- Wejets Control Region
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ﬁ' Wy Control Region, before correction
- M, = 160 GeVic®

Events / 0.2

o
]
-
g
&

60
3
-
0

Most sensitive

oty . .- kinematic |
variable
e dR(l1,l2)

Test tt

0o 05 1 15 2 25 3 35 4 43 3
A R(IN)

0 2& Fermilab



Gaining faith in multivariate methods

Diboson search : WW + WZ = lvj]
» Same topology as WH — Ivbb

Control region . e :
g o We can validate multivariate analysis
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Summary of low & high mass results

Dataset |[!ncrease since
s EXpt NOW | combination
Ll DO 6.7 24%
bl WY 5.9 3%
WH — Ivbb CDF E—
WH — Ivbb DO 5 3
ZHWH—-METDbb CDF 5.7 60%
ZHWH—-METDbb DO 6.4 3%
ZH — libb CDF 57 o
ZH — libb DO =5 pr
H— vy CDF 5.4 New!
H— vy DO 4.2 0%
H— 1T CDF 2.3 15%
H— 11 DO 4.9 0%
ZH/WH—qqgbb CDF 4 100%
ttH DO 2.1 0%

12

Each channel
represents several
“sub-channels”

H—WW Sub-channels

opposite sign leptons + 0-jets
opposite sign leptons + 1-jets
opposite sign leptons + 2-jets
opposite sign leptons , low M
same sign leptons
trileptons, no Z candidate
trileptons, Z candidate, 1-jet

trileptons, Z candidate, 2-jet

electron + hadronic tau
muon + hadronic tau
leptons + jets

New
2% Fermilab



What goes into the combination?

CDF Run Il Preliminary, <L> = 5.6-5.9 fb"

WH4ZH+YEF «jjab 4.0 fn" Obs WH+7H «METhb 5.7 16" Obs
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ZH bk 5,71k Exp H =~ 540" Exp

WH «lvbhd| 55 b Ohs

WH—Ilvbbaj 5.6 ik Exp
Ho-wwsaih' Db

H «WW 581" Exp
Combined Shs
Combingd Exp

95% CL Limit/SM

1

July 18, 2010
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Example CDF — Ditto for DO 2% Fermilab



95% CL Limit/SM

CDF & DO Individual Combinations

- CDF’s limits DO’s limits

SM éHiggs éComh;inatiot:I Observed

o0 p b | TELEE Expected
LEP Exclusion : I Exoecto

Expected | = b
— Dbserved ~
[ +1o Expected S T—
+20 Expected :

100 110 120 130 140 150 160 170 ;13?61;,{}‘_-%;’“ 100 110 120 130 140 150 160 170 180 190 200
H July 19, 2010 m,, (GeV)
CDF achieves expected DO almost achieves observed
exclusion at 165 GeV exclusion at 165 GeV

@ mu = 100 GeV, both set observed limits below expected

Closing in on low mass LEP exclusion

» 2% Fermilab



Tevatron combination

Tevatron Run Il Preliminary, L < 6.7 fb™
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“Expected sensitivity

100 110 120 130 140 150 160 170 180 190 200
m,(GeV/c?)

@ Low mass sensitivity approaching

: o High mass 95% CL exclusion :
LEP exclusion :

o 158 <mu<175GeV
» Expected 1.45*SM @ 115 GeV » 4 times previous (162 - 166 GeV)

* » Expected (156 < my < 175 GeV)
) » Expected 1.24*SM @ 105 GeV 2 Fermilab
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No Words Needed

Search for the Higgs Particle
Status as of July 2010

Excluded by
LEP Experiments
95% confidence level

140

Higgs mass values

95% confidence level

Excluded by
Indirect Moeasuroments
895% confidence lovel

200 GeV/c?
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Hypothesis :

Tevatron Run II Preliminary, L < 6.7 fb™

« Tevatron Data
| m, =165 GeV/c® u Background
; B Signal

July 19, 2010

mny = 165 GeV

ﬂF + DO Run II Preliminary —— Data-Background
46.71b" [0 Signal

— =1 sd. on Background

m, =165 GeV/c®
July 19,2010
5 -1 05 0

log,,(s/b)

Data - Background shown
compared to signal in red

Excellent modeling, consistent
with no signal :

Exclusion at 165 GeV
25 Fermilab




How Have We done on Improvements over Time

Summer 2004
Summer 2005
Summer 2007
January 2008

=
2
E
-
:
:
w

December 2008

March 2009

November 2009

June 2010

Projected Improvements

2004 analyses
with more data

8 10 12 14
Integrated Luminosity (fb)

High mass : Summer 2010 limits already well into yellow band

32 Approaching target sensitivity
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Why Extend the Tevatron Run ?

2% Fermilab
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Why 3 years (2012-2014)

Tevatron has been running year-by-year since 2007.

We need a sizeable commitment in terms of run-
duration in order to “reload” with new students and post
doc’s who have a career path on the Tevatron

3 more years = ~16 fb-1 of data per experiment; this
enables us to get >3c expected sensitivity across the
entire interesting mass region (114 — 185).

LHC, with their current predicted performance will not
surpass the Tevatron on many physics measurements
Including low mass Higgs with planned 7 TeV Run

2% Fermilab



Prospects for Higgs Evidence

G
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“Biggest No-Brainer in the History of Earth!!!”

You can’t lose....

22

EWK fits all point to a
low mass Higgs — we
have to look there no
matter what is found at
much higher mass!

You either find it...
- OR

Not seeing a low mass
Higgs guarantee’s that
there is new physics
waiting to be found

(5)
8 | Aahﬁ =
i | —0.02758+0.00035
%} - 0.02749+0.00012
incl. low Q% data

Preliminary

Precision Fit finds
My = 89.0 *3° 6 GeV
mu < 158 GeV @ 95% CL
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What do we know?

Theory uncertainty
—— Fit including theory errors
---- Fit excluding theory errors
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The most probable Higgs Mass is 120 GeV
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What Are the Latest LHC Expectations?
Assumes 7 TeVon 7, 1 fb-1

NLO
SM

ATLAS Preliminary (Simulation)
WW+ZZ+yy Combined

Hl : o
[ J+2

Plots and numbers from
ICHEP2010 Talks

Atlas

WW+ZZ+ V V J-Ldt=1 fo'
can exclude 1070 120 130 140 150 160 170 180 1’3'0[62\9]0
(136,190) GeV :

95% CL Upper Bound on /o

CMS Preliminary: projection for 7 TeV, 1 fb”' Mar 17 2010

104 H>WW Jee, ey, up] —— 95% CL exclusion: mean
88 95% CL exclusion: 68% band

95% CL exclusion: 95% band
95% CL exclusion: mean (no sys)

CMS

WW+ZZ+ vy vy
can exclude
(145,190) GeV 260

Higgs mass, m  [GeV/c 2|
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Complimentarity of Tevatron and LHC

To Understand EWSB, one wants to observe
Higgs decaying into b-jets

However, Low Mass Higgs searches at the
LHC rely on H—>yy and H—tt

25 2% Fermilab
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Some Final Thoughts on Run Il

Science iIs about making progress now

Tevatron has a track record — it is straight forward to
extrapolate from where we are now to 2014

It makes sense to run both programs until the
Tevatron physics program is clearly surpassed.

2% Fermilab
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Conclusions

The experiments continue to make great progress in
producing a wide range of interesting and important
physics results

The Higgs exclusion has grown to 158<M,<175 GeV
with 6 1/fb of data.

With 3 additional years of running, the Tevatron can
reach >3c expected sensitivity across the entire
Interesting mass range (114-185) for SM Higgs

Finding evidence for a low mass Higgs boson in b-
decays is essential to understanding EWSB in the SM

— a unique capability of Fermilab’s program
2% Fermilab
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Backup
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Event Yields
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Comparing Tevatron at 2014 with LHC at 2012/13
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