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Accelerators
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Tevatron Performance: Run Il from 2002 to 2009

5x Average Integrated Luminosity per Week Integrated Luminosity (1/ph) Integrated Luminosity 6935.63 (1/pb)
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Ran ~20 months without a long shutdown

Coming back very fast after a long shutdown

Initial instantaneous lum ~ 3 x 1032 cm=2s1
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History of Accelerator Performance

anti proton usage store termination

Fiscal Year | nbl/ mA

Fiscal %Planned
Year Termination
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Accelerator Strategy to complete Tevatron

- Maximize the delivered luminosity

Continue to make small improvements with short
payback times

Optimize running conditions to take advantage of
Improvements

Strive to increase overall machine reliability

No long-term shutdown
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Total Integrated Luminosity: Projections

13

. ~12 fbl

11 by FY2011
. Green curve: same rates as 09

8

We are here

LIS g o ) b W $
CatLmCey @n\l P g W N W o @\‘»\* \6‘%\6\*" Al eﬂ‘*“

Tevatron Collider Program: Young-Kee Kim, HEPAP Meeting, Oct. 22, 2009 # Fermilab



Detectors
Computing
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Detectors operating well

data taking efficiency
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. Operations Improvements

streamlined operations; automate many operational
and monitoring tasks
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Detector Longevity: Silicon Detectors

- No effects on physics program expected

D@ :Some layer 1 sensors reach bias voltage limit
before 12 fb*, but covered by layer O + outer layers

CDF: bulk of ladders fully depleted through 12 fb-2.
Signal/noise projections — no tracking deg. expected

DZ Silicon Detector Radiation Aging Status as of May 2009 CDF Il Preliminary J Ldt=61f"

1 > / [ SVX layer 4
bias scan E2SVX layer 3
(D] W@ SVX layer 2
@ SvXlayer1
BB SVXlayer 0

o0

6 8 10 12

Integrated Luminosity [fb] Integ. Luminosit [fb_1]
. Luminosity
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Computing after Tevatron turn-off

- Fully support analysis computing capability for

~5 years including

Data re-processing and Monte Carlo production
capability: in addition, opportunistic use of other Grid
resources at Fermilab and worldwide

- Computing Division / CDF / D@ continue to
work with the community on efforts towards
long term preservation of both data and
analysis capabilities

Vicky White: DOE S&T Review, June 30 - July 2, 2009 2& Fermilab
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Collaborations
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Effort required to run the experiments

- This is the effort required to do everything
except the physics analysis itself

Physicist
FTEs

DY
2008 Actual

DY
2011 Estimate

CDF
2009 Actual

Manage- | Support

Ops Algorithm | Comp ment Total

55 26 16 10

50 20 15 10

45 20 20 10 95

- 30% less than a few years ago due to efforts
on streamlined operations
Agreed with prediction ~3 years ago

Tevatron Collider Program: Young-Kee Kim, HEPAP Meeting, Oct. 22, 2009 # Fermilab



Avallable Physicists: Total and Physics

« Based on direct feedback from institutions

CDF | CDF | CDF | CDF DJ D@
2009 | 2010 | 2011 | 2012 | 2008 | 2011

Total FTE 292 | 249 | 191 | 141 | 307 | 170

U.S. 46% 48% 52% 51% 50%
Postdocs 71 65 29 65 24
Students 100 77 33 124 53

Lab. sciontists 121 0 U7 93
Run Expt. 95 90 75 15 107 | 100
Physics 197 | 159 117 125 | 200 70

- Enough to run the experiment and produce
key physics results
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Additional Statistics about Collaborations

- In the last few years, collab. decreases <10%
per year. Much smaller than expected (~30%)

Pl's moved their center of mass to LHC slower

Many postdocs who thought they would work 1-2 yrs
at Tevatron and then do LHC did not moved

Assistant professors stayed longer

New graduate students join

. e.g. D@: ~35 joined over last year (~50% from US);
Ph.D. students, diploma, and masters students;
~12 have worked on LHC expt.s before joining D@

We attribute this to the success of Tevatron program,
the impact young people can make at the Tevatron,
the leadership they can take on, LHC delay etc.
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The Tevatron Physics Program

- Precision, new observations, new physics searches
Mixing, CKM Constraints, and CP-Violation
Heavy Flavor Spectroscopy
New Heavy Baryon states
Tests of QCD and Heavy Flavor production
Top-quark and W-boson masses
Top quark properties
Di-boson production and SM gauge coupling
The standard model Higgs is now within reach !
New exclusive/diffractive processes

Searches for supersymmetry, extra dimensions, other exotica:
still at the energy frontier

Probing the Terascale as luminosity increases

Addressing questions of fundamental importance
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The Tevatron: A Luminosity Story

Tevatron Run |I, pp atNs = 1.96 TeV
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Physics Production

. Stable tools and an excellent understanding of
the detectors and the data

- Productivity is higher than ever

Nearly 200 new results between Summer 2008 and
Summer 2009

Tevatron results are dominant in HEP conferences

. Still iIn some areas only scratching the surface

Much potential for further precision, reach, and
observation

We keep exploiting the data from all angles
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Tevatron Physics Impact

# of publications / year vs. CY year
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CY 2009: additional ~20 papers / experiment

About 100 journal publications this year alone (~2 per week)
~60 Ph.D.s / year over the last few years

~350 conference presentations / year

~3,500 physicists have participated in CDF and DG experiments
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Physics Highlights
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Observations: rare SM processes

Tevatron Run Il pf at\s = 1.96 TeV
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Diboson production: more luminosity allows access to smaller cross sections

Tevatron Collider Program: Young-Kee Kim, HEPAP Meeting, Oct. 22, 2009 # Fermilab




Observation in 2009: Single Top

Single Top Quark Cross Section

August 2009

CDF Lepton+jets 3.2 fb™ -
CDF MET+jets 2.1 fb™
D@ Lepton+jets 2.3 b

Tevatron Combination

Preliminary

1
Il B.W. Harris et al., PRD 66, 054024 (2002)

N. Kidonakis, PRD 74, 114012 (20086)
1
|| [

2.17 2438 pb
50 135 pb
3.94 2088 pb

2.76 1025 pb

Miop = 170 GeV

0o 2 4

o (pp = tb+X, tgb+X) [pb]

s-channel

Test s- vs t-channel (new physics)
V,, (precision)
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Observation of New Heavy Baryons
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With more data: emergence of a new particle

unknown composition

Production of Y(4140) Evidence for new particle

B* - Y(4140) K+
Y(4140) 5 J1v 6
JY >
0> KK

— — expected background

_ | Y(4140) + Y(4140) particle

—— expected
background

Events per bin

Y
©
€ CDF: 2.7 fb

proton 5_— &= antiproton

, . . . 1.4 15
Search for structure in J/¥ ¢ mass spectrum GeV/c?

m(p'w K*K)-m(u'y)
2009

These new particles yield a few events/fb-?
- new areas of research @ 10fb-!

Tevatron Collider Program: Young-Kee Kim, HEPAP Meeting, Oct. 22, 2009 # Fermilab




Precision: CPV phase in B, system

S

bﬂa % . D_Jé (SUSY, ED...

S

5

CDF Run ll Prel. 280"+ D@ 2810

68% CL
1l 115 95% CL
M- M- 4}
2 2 99% CL

1r12 _ i
Mz_ 2 M 2

AT, =T, - T, ~ 2|I},|cosg, | } f

| new physics
6M = argl-M/T) 654 40P ad Y

~0.004

087505 025 0 025 05 075
¢//*" [rad]

p-value(SM)=3.4% More data to come
Look also in other channels (asym in semileptonic decays)
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Precision: CPV phase in B, system

Adding constraints from other recent measurements
CP Violating Asymmetry in semi-leptonic B, decays
Flavor-specific B lifetime
BI[Bs > D*y(*) Dy(¥)]

D@ 2.8 No systematics D@ 281" + Ag , 1, Breonstraints

68%CL w7 C 68% CL
95%CL T - 95% CL

99.7% CL ]

1.0 00 1.

D@: p-value(SM)=10% statistics limited
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Precision: Electroweak Measurements

Most precise measurements
Legacy measurements: it will take a long time to get better

W width W mass Top mass

Mass of the Top Quark (*Preliminary)
< Standard Model e

CDF-1dirl 167.4+10.3+ 4.9
CDF Run 01 ——  50.436 - 0.081 DO-I di-l 4

168.4+£12.3+ 3.6

DORunl —o— aam:o0m | | 171.2£ 2729

——

DO Runll (g) 2028+ 0,072 DO-11 di 174729224

CDF Run Il —— 80.413+0.048 CDF-1 I4j 176.1+ 5.1+ 5.3
_ T 1+ 5.

—— 03210, 14
CDF Runll (e+u) 2.032£0.073 Tevatron 2007 —— £0.432 + 0,039 DOl 1+ 180.1+ 3.9+ 3.6
———=&—— D0 Runl (¢) 2.231£0.173

—— CDFRunl(e+y)  2.050+0.128 DOR i g -
unll 80.402 + 0.043 Al 14
e Had. Col. Avg (2008) 2.056 +0.062 B 1737+ 0.8+ 1.6

Tevatron 2009 804200031 | | 7'M 186.0+10.0+ 5.7
——

‘CDF-ll all 174.8+1.7+1.9
—

—e— Prel.LEP Avg (2006) 2196+ 0.084 CDF-l trk 1753 6.2+ 3.0

- World Avg (2 2.106 £ 0.050 8 i B
ord Avg (2008 World average - 803990023 | | Tevaton Marchos 1731206+ 1.1

(Stal) = (syst.
e +/dof = 6.3/10.0 (79%)
1 | -] I -] I L I - | L) | [ | | | ! ‘ ‘ ‘ ‘ ‘

|
2 22 24 26 28 3 32 80 80.2 804 80.6 150 160 :n":fo » \;!gt; 190 200
T (W) Direct Measurements (GeV) m,, (GeV)

Tevatron: 3% 0.04% 0.7%

-8

CDFI 14 172109+ 1.3

EP2 average
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Precision - Higgs constraints

H
t -y
W W w W
u'& OUL R DR my = 873526 GeV

m?ﬂﬂﬂ . . . | : : : : August 2009 m
|1 —Tevatron and LEP2 (prel.)
LEP1 and SLD

L

=157 GeV

(5}
L Adly oy =
1 i —0.02758+0.00035
68% CL 1 t % - 0.02749£0.00012
% %ees incl. low Q2 data

| Excluded \ " ‘4:'5:: Preliminary-
30 100 300
m, [GeV]

m, < 157 GeV @95%CL
(my < 186 GeV when LEP limit inclued)
with 10 fbt | m, <117 GeV @95%CL |(6m,,=15MeV, dm=1GeV)

Tevatron Collider Program: Young-Kee Kim, HEPAP Meeting, Oct. 22, 2009 # Fermilab




The Higgs Search

- The SM Higgs (if it exists) Is being produced
NOW at the Tevatron! We have enough energy
Just not that often & it’s buried in “backgrounds”
It's a story of luminosity, passion, persistence and luck
We know how to look for it and we are in fact closing in!

- Over the last years, there’s been a dramatic
Infusion of people, effort and ideas, aimed at
finding the Higgs
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and some luck Favored mass region

Tevatron Run |l Prolectlon
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Many channels / experiment

CDF Run Il Preliminary, L=2.0-4.8 fb™

\III|IIII|I\IIIIIIIl\III|IIII|II\Ill\lllllllllll\
WH+ZHjjbb 2.0 fb™ Obs WH+ZH >bbMET 3.6 fb”' Obs -
WH+ZH—jjbb 2.0 b™ Exp WH+ZH—bbMET 3.6 fb”' Exp
H-1: 2.0 fb™ Obs WH—Ivbb 4.3 fb™ Obs
Hotr 2.0 Exp WH—lvbb 4.3 b Exp
ZHlIbb 4.1 b Obs H->WW lowMIl 4.8 fb™' Obs
ZH—lIbb 4.1 b Exp H->WW lowMIl 4.8 fb™' Exp

; H—WW SS 4.8 fb™ Obs
H-WW SS 4.8 b™ Exp
H-WW 0S 4.8 ib™’ Obs
H->WW 0S 4.8 ib™ Exp
Combined Obs
Combined Exp .~ -

95% CL Limit/SM

-
o

-

SM

A t17,20
\III|IIII|\\IIIIIII|\\II|IIII|II\\ll\\ulg?sllll gIII\

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

CDF + D@ : up to 70 analyses
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Higgs Search Progress

Progress through analysis improvements and luminosity

2xCDF Preliminary Projection, m =115 GeV 2xCDF Preliminary Projection, m,,=160 GeV

=
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Q
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w
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Summar 2007
January 2008
Decembser 2008
August 2008

With Improvemants

N

Expected Limit/'SM

—
=
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Summer 2005
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January 2000
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March 2004

August 2004

With Impravements

4 6 8 0 12 14 0 2 4 6 8 10 12 14
Integrated Luminosity/ExXperiment (fb ") Integfated Luminosity/Experiment (b )

Expected improvement factors for future analysis
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SM Higgs Search Result: March 2009

Tevatron combination: March 2009

Tevatron Run Il Preliminary, L=0.9-4.2 fb™’

0 LEP Exclusmn s Teivatr'ojn

Exclusion
Expected i ]
Observed | '

=
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E
i
-
&
o2
o)
o

100 110120130 140 150 160 170 180 190 3 200
mH(GeV/c )
160 < Higgs Mass < 170 GeV is excluded at 95% CL
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SM Higgs Search Result: November

Update and new Tevatron combination
expected for HCP conference in November

CDF Prellm 2 0-4.8 fb?! DQ Prellm 0.9-5.0 fb1
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Supersymmetry Higgs (MSSM)

Tevatron Combination D@ Combination
h =2 11 h = tt. bh 2>btt. bbb
100

Tevatron Run Il Preliminary, L= 1.0-2.2 {b B %1 00—
s 90 m, max, u=+200 GeV [ -

" D@ Preliminary, L= 1.0-2.6 fb"
— e Excluded | so- Excluded

Expected limit L m, max, i=+200 GeV

s
A

N

Expected limit + 1o
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60/

\ s
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ tanp =33 e
xcluded by

Al |OW€d 20__ AI Iowed p— 2:::cr¥:;:|lliimmii‘l

[ Expected limit+ 1o
EEi Ex

1111 I 1111 | Lhll I 1111 I 1111 [ 1111 ] 1111 I 1111 I 1111 I 111 L 1 1 1 | 1 L 1 I 1 1 L I 1 ' 1 1 1 I 1 1 1
100 110 120 130 140 150 160 170 180 190 20( 100 120 140 160 180 200 220
m, [GeV/c?] m, [GeV/c?]

Reach sensitivity in interesting region where tanf3 = 35
with 10 fb-! over a wide Higgs mass range

Complementary to B> up (Tevatron:4x108@95%CL,SM:3-4x10°)
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The first, the new, to be watched...

CPT test via a ‘free’ quark

and anti-quark mass diff. 2.50 effects

(] 261
[a] E+JE.t$ Dﬁ 1fb1 = CDF Run 2 (2.8 fb-1)
0] 1?5 : i Preliminary ]

m(t')=450 GeV |

l

t observed
¢
™ top
W+jets

6570 76 ig0 165 170 175 180 200 300
m [GEV] I'Tlt [GEV] Mreco (GeV)

Dark photons
from Hidden Valleys

120 140 160 180 200 220 240 260 280 300 320
chargino mass (GeV)
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Conclusion

- Tevatron program continues to be remarkably successful

- Accelerators, detectors, triggers and computing are
expected to operate well through 2011

- Accelerators
Nearly double the integrated luminosity

- Computing
Provide full support for analysis computing capability

- Collaborations: physicists
estimates 170-190 FTEs available / experiment in 2011
estimates ~100 (or less) FTEs to run each experiment
enough physicists to do wide spectrum of analyses
young scientists stay, new students join
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Conclusion

- Program goals

Extract as much juice from the data as possible
Precision, new processes / measurements, new physics,
Higgs, ...

Reuvisit program, prioritize analysis
What should go on with increasing luminosity
What should wrap up
Easy access to tools

- Physics with FY2011 run

Doubling the dataset

Uniqueness of some physics at the Tevatron
Legacy measurements

Discovery potential

Higgs possibilities
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Draft 2010-13 Accelerator Experiments’ Run Plan

Draft 2010-13 Fermilab Accelerator Experiments' Run Schedule

Typically Revised Annually - This Version from October, 2009

Calendar
Year

2010

2011

Tevatron
Collider

CDF & DZero

CDF & DZero

MiniBooNE

MiniBooNE

OPEN

OPEN

Neutrino
Program

MINOS

MINOS

MINERVA

MINERVA

ArgoNeuT

Test Beam

Test Beam

OPEN

OPEN

E-906/Drell-Yan

2012

2013

OPEN

OPEN

MicroBooMNE

OPEN

MINERvVA

NOVA

Test Beam

OPEN

E-906/Drell-Yan

E-S06/Drell-Yan

This draft schedule is meant to show the general outline of the Fermilab accelerator experiments schedule, including unscheduled periods.

Major components of the schedule include shutdowns:
In Calendar 2010, a 4-6 week shutdown for maintenance is shown.
In Calendar 2011, no shutdown for maintenance is shown.

A 2012-3 11-month shutdown is shown to upgrade the proton source and change the NuMI| beam to the Medium Energy (ME) config.

[_]RUNDATA

[ ] STARTUP/ICOMMISSIONING
19-Oct-09

[ ] INSTALLATION
B VD (SHUTDOWN)
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. 4% workshop on physics with a high intensity
proton source

Nov. 9-10 (Mon-Tue), 2009

- Muon collider physics (detector, machine-
detector interface) workshop

Nov. 10-12 (Tue-Thu), 2009

Synergy: ILC-CLIC-Muon Collider

Tevatron Collider Program: Young-Kee Kim, HEPAP Meeting, Oct. 22, 2009 # Fermilab
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