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Outline

e Introduction

* Physics Results — electroweak, top, b-physics,
QCD, new phenomena

* The Future

NOTE — Higgs Results and Plans will be
presented next by Florencia Canelli
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Final Operations
September 30, 2011
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w Run Il Integrated Luminosity 19 Aoril 2002 30 September 2011
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Impressive Physics Results

D@ History of Journal Submissions

) Run II PUincaﬁonS fgg s Runll: 255 total
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12/17/11 Tevatron Results and Plans - T. Adams, FSU 7



Electroweak Physics



Electroweak Physics Results

EW Boson Production .

— W, Z production

— W, Z differential cross

section

— anomalous couplings

- WW

— WZ

— 2z

— charge asymmetry

* EW Boson Properties

L (a)

— W mass
— W width
— rare decays

o
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® sm
- CDF

H1 prel. (4-D)

H1 prel. (2-D)
Il Do (2-D), 5.0 fi5'

D@ (4-D), 5.0 b5’

68% C.L.
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Di-boson Production

— triple gauge couplings

CDF Run 0/1 —— 80.436 + 0.081
DO Run| —® 1 80.478 + 0.083
CDFRun |l —e— 80.413 + 0.048
Tevatron 2007 —— 80.432 + 0.039
DO Run Il ——i 80.402 + 0.043
Tevatron 2009 —— 80.420 + 0.031
World average o 80.399 + 0.023
l | | July 09
80 80.2 80.4 80.6
m,, (GeV)



Events / (10 GeV/c?)

@ ww/wzo i

* CDF Analysis 7.3 fb!

— Bkgs: W+jets, Z+jets, ttbar/single 500
top, QCD multijets (data-driven)

300

250
200
150
100

N T —
§ —— CDF data (7.3 o ") |
8 + —— Gaussian 2.3%
B WW+WZ 4.5%

30;1 000 W+Jets 79.3%

E r ~2] Top 6.6%

c Il Z+jets 2.6%

2 = QCD 4.3%

¥

— 4.10 excess PRL 106, 171801 (2011) 100 200 (Gevie?
— several theoretical models : e

suggested : g
F HHH*H%H*:
- D243 07 PRt 1od : o 260 ~
E_ (b) I Diboson My [Sevren

.....

.....

4 4.4

Dgmemeneo | o D@ Analysis 4.3 fb?
M, = 145 GeV/c® . E *
— no evidence observed

1« Ongoing joint effort to

P e AR P
50 100 150

A evaluate differences
200 250 300
piams Gevel  petween CDF and D@

PRL 107, 011804 (2011)
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WW/W?Z Production

* Critical background to many Higgs searches

* D@ WH+jets analysis

~ 9000F -1 _ = Data
g 8000 D@ 4.3 fb, 0 b-tag 5%?
S s S
— +3.2 3 6000 g
— o(WV) =19.6*>-%; , pb £ so00 s
. > 4000k 77 Uncert.
Sa) E
. ege 3000-
7.90 significance 2000

— use b-tagging to separate " "' 0IES0

1000

1

o 6000 D@43 bl 1b-ta =+ Data
— +3. 2 : =105 g mww
 o(WW)=15.9 3 7_3 2 pb & 5000~ Wz
. = g B W/Z+LP
7 3.3+ 4.1 b 5 4000- o WIZ+HE
 o(W2) =3.3+ ‘oo M
Y . 33P 5 3000- e
2000
- 1000¢
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< F D@43t ® Measurement 0.10.2030.40.50.60.70.809 1
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(}8) S R e L 95% CL Contour S 1400;_ D@ 4.3 b, 2 b-tag :1\:,)\?\5&
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S = e 5 =
E . ets
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10F T — —
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e ®0.102030405060.70809 1
0 2 4 6 8 10 12 14 . RF Output
WZ Cross Section (pb) arXiv:1112.0536
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Top Quark Physics



Top Quark Measurements

* Production
— cross sections w
— asymmetry proton ‘

— resonance
production NOOOC

— spin correlations
* Decays

— |Vl antiproton
— anomalous W~—
couplings

— new particles
* Properties
— mass — spin
— width — polarization
— charge — lifetime

Q|
~|
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A _ All PETRA cxperiments {+/s = 34 GaV)
FB —

F+ B T T T T T 17 11

* Why measure?

— evidence of new
particles beyond our
energy reach can
appear in asymmetry

— example: PETRA saw
evidence of Z even at TR
Vs = 34 GeV cos
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A, of

the Top Quark

July 2011
(** submitted to a journal)

(* preliminary)

—— 0.158 + 0.074 (:0.072+0.017)
(637

&
0.420 + 0.158 (+0.150+ 0.050)
(5.1

@ (0.201+ 0.067 (+0.065+0.018)
(+ stat + syst)

+0.018
~—e—  0.196+0.060 538
(541"

[ V. Ahrens et. al.,
arXiv:1106.6051v1 (2011)
~F—-B | 7xomsmiss
- F+B
CDF LJ
— lepton+jets 5.3
CDF DIL*
e ~20 deviation from SM
— dileptons 5.1 fb
CDF combined*
e ~2.70 deviation from SM
° D¢ arXiv:1107.4995 DO L+
— lepton+jets 5.4
e ~2.40 deviation from SM | |
-0.4 -0.2 -0
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Top Quark Asymmetry

p
t AFB — F _ B A”_ it parton - level T
F _|_ B ™ CDFdata 5.3 fb"
* CDF has also investigated a 041 M #TORE 1
mass dependence T
— D@ does not see a mass 0.2
dependence |
* Top quark asymmetryisa oo e
different measurement at i
the LHC, but this would -027
manifest itself in other - v

measurements




Single Top Quark Cross Section August 2009

proton

CDF MET+jets

antiproton

Preliminary

) We have now begun USing Single B B.W. Harris et al., PRD 66, 054024 (2002)

N. Kidonakis, PRD 74, 114012 (2006)
1

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

b Tevatron Combination

o 2.17 X328 pb
50 35 pb
3.94 238 o

2.76 *022 pb

Migp = 170 GeV

top production to study top
quark properties and search for

new physics DO 541"
68% C.L.
— |Vl . 90% C.L.
N 95% C.L.

— Width
— Polarization
— Wtb couplings

5.4 fb?!

t-channel cross section [pb]

@® Measurement
11
’ ) H sm
- W'>tb LI Four generations”
PRD 63: 014018, 2001
o {3} PRL gg; 10913028, 2387 o Top-flz\]lor

— FCNC production q ™0 rene
2 4

s-channel cross section [pb]
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B Physics ..

o . D@ Runll, 8 fb AM, =17.77£0.12 ps™*
2 03¢ SM p-value = 29.8%
[_"" 0.2 ;
<

Hadron spectroscopy

0

— discovery, e.g. Q,°, Y(4140), =, -, 2, * ;’j "
-03F

CP-violation measurements
— e.g. D% BY B, A_,, dimuon charge asymmetry n
Production cross sections

— generic charm and bottom, specific hadrons

Decays I
— Including rare decays, e.g. B2 2uu 5 §

. 4j—"-._‘ —
Properties b o /
— mass, lifetimes, etc. A / |
Searches for new particles TN

(=)

0 5 10 15 20 25 30 35 40 45 50
BR(B - u* 1)



w Dimuon Asymmetry

e Count dimuon events with

same sign

— subtract detector
asymmetries

* Primarily from bb events
— one B? or B.° oscillates

— higher order effects
sensitive to new particles

Al = (<0787 +0.172(stat) + 0.093(syst)) % -0.02 |

AL(SM) = (-0.028"9%,
e 3.90 deviation

* Many cross checks have
been performed

PRD 84, 052007 (2011)

mc?j 0.02

b
Asl _

9 fb!

N; =N,

N, +N,”

68% and 95% C.L. regions

-0.04 |

- IP selections

A3

1%

)

are obtained from
the measurements with

DG,9.0 b |

20.04 20.02
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Baryons with Up, Down, Strange
and Bottom Quarks and Spin J=1/2

=, Discovery

* Several new b hadrons have
been observed in the Tevatron
Run 2 data

— Qb-
— Y(4140)

TE+ TI:+

4.2 fb!

M(Z,°) = 578745.01.3 MeV/c?

=0..-
¢

CDF Run 24.2 fb!

Observation e o000 0]

>60

also observed =, in
new decay mode

o/

Candidates per 10 MeV/c’

S o N W E D N LD WeE e~
; - =18

PRL 107, 102001 (2011) :
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QCD

> 10°E D@, 0.70 b * lyl<04 (x32)
o . O 10°E: o 0.4<|y|<0.8 (x16)
Jet production cross sections &y ;s
. . . . . 2&10‘3‘? 1.6<ly|<2.0 (x2)

— inclusive jets, exclusive jets, g < 20424

differential cross sections, minbias

10"E s = 1.96 TeV

Photon production

10°E — NLO pQCD
— inclusive photons, diphotons i
W/Z+jets Osos0 im0 00 - &
— including heavy flavor jets .  cormnL, <o
Angular correlations _ 4t

Jet substructure e
Multiple parton interactions .. . -'--'--'--'-?-?-i,
Diffractive processes

C1 el e
0 01 02 03 04 05 06 07 08 09 1
Planar Flow



do/dM,, (pb/GeV)

Ratio to SHERPA

Diphoton Production

A AR NSRS RO/ RARR) RARS LARR) RARRS RARY
D F CDF Il Di hoton 54fb —e— Data
* Important background to H->yy and new 3 1:_5:13.1,’.?:!2@:3" SRhoxcrcon ]
phenomena searches : ' - RS creonu
. s . ﬁba wimi= PYTHIA yy B
* Tests of perturbative QCD RN :
* Differential cross sections 02 T 5.4 fbl
:IJ V-i‘i:‘i‘i.'ui.'..l -
M(vy), pr(vy), Ad, cos* wi Tl ]
D@ also measured doubly differential cross 10_,% et
1 3 ! " E
secuons % ; s SR
 Disagreement with models in some regions """ s 5 550 500 35 408 450 500
E DO, 421" @ % c s . . . yy Mass (GeV/c)
10713 . SheRa % ) gfg | T By
AN RESBOS e g 1.
AR\ — DIPHOX g - S E— }
102 L --- PYTHIA '8 102 E-O.j;_ . —¢— —;
! E
10°E 10° £ £ E
o i
w 7] E
ﬁ 1 %15 I P E
,g 051 | B b -
— ’ -1E L L L | ! | | L L E
50700 150 200 250 300" 350 1§ 0 10 20 30 40 50 60"70 80 907100 AR o Bk
M,, (GeV) « pW (GeV) vy Mass (GeVic")
PLB 690, 108 (2010) PRL 107, 102003 (2011)
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Searches for New Phenomena



 Search for dark matter in

monojets + MET

— jet P;>60 GeV and MET>60 GeV

— no excess observed

— several models investigated

— improvements in reach beyond
dedicated DM searches

12/17/11

Events/Bin

1000

Data/Background
o
(6]

Vi
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2
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3000 |ess®
o

2000 |

Dark Matter - Monojets

6.7 fb!

CDF RUN II Preliminary 6.7/fb

* CDF Il Data Multijet 1
Mz [ Other Backgrounds
Cw Background+ 1o |
— 1 GeV y, A-V Eff. Theory. @ 50pb |

[Signal Region] ]

oo, 3 +' ¢ + *l *
"""'"'""'"'.0.“'""-".%“.'.'.0.,‘o.é‘ 0“.* ?.? ¢ +¢+¢ ot o W t

%

i
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0—36

=y
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10™°

100

150 200 250
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CDF Run Il Preliminary 6.7/fb

| M CDF 90% CL (Vector, Eff. Theory)
I —m—— CDF 90% CL (t-channel, Eff. Theory)
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S~

S
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Events / 5 GeV/c?

6 fb!

N
o 2

IS
T

CDF Preliminary, L=6 7

*® data

[ JpymHIAZZ > 4L

PR B0 s 1S SIS [0 P St e ma A Loy
150 200 250 300 350 400 450 500

High mass ZZ

resonance

— 222111,
I*Ijj, I"lvv

— combine the
three channels

M, (GeV/c?)

E R +Illjj +|Iivvlexplecleld :

CI) 1 I:l 1 i

§ \ E] 42:u" .

= \ ljj + Ilvv observed -2

2 ha

N 10" o <

T D

o SO U o ARSI

T b R

I

% CDF Preliminary, L=6 fb!

2 P P P P
10200 400 600 800 1000
M. (GeV/c?)
12/17/11  arXiv:1111.3432
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e Search for a narrow
top-antitop resonance

— use |+jets data

— explore tt &1}
mass g ol
spectrum |

10505

Dg, 5.3 fb™

@ Searches Based on Other Analyses w

5.3 fbl

——data
[]M,=950 GeV
[T

[ W/Z+jets

[ multijets

|

i
800 1000_ 1200
TeV]

o)
S, DO, 5.3 fb’
m 1E
b
107 - — Topcolor Z’
- — 95% C.L. observed
- = 95% C.L. expected
2l L N
1077200600 800 1000 1200

resonance mass [GeV]

arXiv:1111.1271
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w Detector Plans

* Cosmic ray operations end this year

* Both detectors are being converted to public
displays N
* Part of the Tevatron

tunnel will also be
open

2= Fermilab
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Make legacy measurements

Concentrate on:

— unique measurements |
— complementary measurements | ‘SR
— previously observed deviations ‘

We have the data
We have the understanding

We have the resources
(people and computing)

12/17/11

Future Plans
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Forthcoming Results
Just a sampling:
W mass (world’s best)
W charge asymmetry

Weinberg angle # Fermilab

top charge asymmetry
top quark properties w
s-channel single top

differential top cross section

like-sign dimuon analysis We still expect 75-125 more
CP-violating DO measurement  publications from Run 2 data!
B2 uu

differential V+jets and photon cross sections

a, dependence

plus, of course, the Higgs boson...
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Backup Slides



i n=0 n=1,"
" Muon Seinilators

n P
Muon Chambers 4

-
-
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Production Asymmetry



5.3 fb!

5.1 fbl

Top Quark Asymmetry w

A, of the Top Quark

CDF A, E—B

5.4fb1 D@

12/17/11

— lepton+jets T F+B
* Measured: 0.158+0.072+0.01
« SM: 0.058+0.009
» ~20 deviation from SM
— dileptons
* Measured: 0.42+0.151£0.05
« SM: 0.06+0.01
» ~2.70 deviation from SM
— Combined
* Measured: 0.2010.07+0.02
* SM: 0.06+0.01
— lepton+jets
* Measured: (19.6 £ 6.5)%
* SM: (5.0 £0.1)%

e ~2.40 deviation from SM

[ V. Ahrens et. al.,
arXiv:1106.6051v1 (2011)

[ w. Hollik and D. Pagani,
arXiv:1107.2606 (2011)

July 2011
(** submitted to a journal)

(* preliminary)
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CDF LJ —_—— 0.158 + 0.074 (20.072+0.017)
(531"

CDF DIL* o
0.420 + 0.158 (+0.150+ 0.050)
(51"

CDF combined* —@®—  0.201+ 0.067 (:0.065+0.018)

(+ stat + syst)

DO LJ* ——  0.196+0.060 3378

(541"
| | | | |
-0.4 -0.2 -0 0.2 0.4 0.6 0.8
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