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Tevatron Collider in Run |1 # Fermilab

 Tevatron ispp collider with +/s=1.96 TeV

 Increase of center of mass energy, crossing
frequency, and bunch numbers

ud W

Collider Run Il peak luminosity

1.96 TeV S0 ES0 2002 2003 J
40 E30 . -
30 E30 2
Tevatron 1
e . i 20 E30, Run 1 record a
B, - :
PSQUIC® 7" Main Injector | ] o
,.? & Recycler ’ ‘ =g . i“ "T. i“ i 4 &
st o 3455 P S A v "

Yurii Maravin, Aspen 04 February 2, 2004



CDF and D@ Collaborations £ rermilab

12 countries, 59 institutions
706 physicists

19 countries, 83 institutions
664 physicists
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CDF and D@ Detectors 2% Fermilab

.
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» New silicon and drift chamber

 Upgrade of calorimeter and
muon system

 Upgradeof Trigger/DAQ

h=1

<4

s | B —A | L=
« New silicon and fiber tracker = e s S
o Solenoid (2 Tedla) “ H T:L“ ‘l H
» Upgrade of muon system e e,
» Upgradeof Trigger/DAQ R _R___ B _B
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CDF and DQ performance £ Fermilab

DO & CDF Run Il Integrated Luminosity

- 400

— CDF Delivered (from 9 Feb 2002) _ 350
— DO Delivered (from 19 Apr 2002) _ 300 5
CDF Live (from 9 Feb 2002) _ 250 ‘é
— DO Recorded (from 19 Apr 2002) — 200 'g
150 E
- 100 3

> — 50
/ : : 0

F-02 A-02 J-02 A-02 0-02 D-02 F-03 A-03 J-03 A-03 0-03 D-03

Extra 230-370 pb-tin The results presented in this
FY 2004 talk are preliminary
— Use asubset of the data available
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Electroweak and top physics R Fermilab

Run I

top quark discovery, precision W mass and width
measurements

Run |l

precision electroweak and top quark measurements,
analysis of rare processes

Sample Run!l [Runll (2fb1)
W® |n 77K 2300k
Z® |*~ 10k 202k
WV (V =W, Z, g 90 1800
/N 30 500
tt (mass sample, 3 1 b-tag) 20 800
Singletop 4 160
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Electroweak program X Fermilab

| Z® |71
 Z, W cross section measurements “

— Detector commissioning and calibration
— W width, lepton universality
— Search for Z' /extradimensiony ...

o Z forward/backward asymmetry
 Di/triboson physics

« W charge asymmetry, differential W/Z cross sections
— PDF constraints

e Use W and Z as aluminosity counter
W mass
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Cross-section measurements of # Fermilab
Z® |*T

Invariant mass of Z® ntm candidate events:

| CDF Run 1i Preliminary, 72pb ™' | DY Run Il Preliminary
2 220 | y Entries 1631 | % =
.@ 200 DZ - | ! g 700 ;—
g 180 e 1L o - 6126 events
i _ ~ 600
g 160] 1631 events| | - % - JL =117 pb'1 . candidate events
i 'R 500 B
140 L =72 pb ]JI E - h]| <18 —— monte carlo
120 |y | < 1.0 a0} '
100 - —— background
+ 300 |
By .i ; E
60 j - 200
40 : ,.',|+ - 100 f_
20 [
;.,.d-r'_“:‘H"i, _#-.-*:' At ;I;W.:L"_.._“ 0 - L L . L
70 75 BO B85 90 95 100 105 110 1-'|25 0 50 100 150 200
M,,.. GeVic M—l'l'l-'»' (Gev)

Good agreement between Monte Carlo simulation and data
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Events per 2GeV/c’

Evenis per 2GeV/c”

| CDF Run |l Preliminary, 72pb E

|
|
B w2 'WE m
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Z® tt 2% Fermilab

CDF Run 2 Preliminary (72 pb")

F T T T T : T T T T 3 13'_-—-—'— data
3 J CDF Run 2 Preliminary (72 pb-1) w1ef O-Z— TuTh |
_ —g :-3; 14 W - QCD
- | —— data 4 O 12t
3 | O Z-m 4 S 10t -
E | [ jet— tfakes 3 @ a8t {r
g MW Z-ee 1 B e _U'r
3 — 3@ Lf T
= 1 o 4:
] ] 2F
§ Iﬂ i i E D
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M(p+t+ED
Ntrack
" D& Run Il preliminary DY Run Il preliminary
..E | -+ opposite sign (u-t) ..g 40 —Pata
35 - ; ) opposite sign-
l:ln . -+— same sign (u-1) % | sare.slgn)
..g Z 1t MC
g d =67pbt
@ 20 :
0 - . 15
Run Il preliminary:
10 1
First measurement at | - Jr
I GI:I 1II32IIJ3IIJ4IIJS]IJEEI?IIJBIJBIJ ) 0 10 20 30 40 50 60 70 80 90
hmron COI l | der inv. mass (u-t), p-type [GeV] inv. mass (u-1), p-type [GeV]

Lumi.

D@: s,«Br(Z® tt) = 222.1+328+56.8 +22.2 pb
Stat. Syt
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W® tn (CDF) 2% Fermilab

w W
CDF Run I Preliminary -, _,r L=72pb" 9. / e
1400 [ W > 1 v : number of tracks, associated with the t© candidate :
B 2345 events UA1 1991 i= 1.01+£ 012
1200 ¢ :
B UAZ 1991 I — 1.02+ 0.06
= —e— Data X
1000— [
. =W —> v CDF 1992 S 0.97+ 0.07
W —-pnv I l
. W > ev !
800 Z s>7t1 DO 1999 — .t 0.98 + 0.031
— —— mm QCD i
600 | LEP 2001 . 1.026+ 0.014
400 - " E PDG 2002 (wfo LEP) —-—i— 0.988+ 0.025
200 CDFI! Preliminary 2003 —#+— 0.99+ 0.04
% 1 2 3 1 5 6 0.7 1 1.3

7 8 9 10
number of tracks

Re-established W® tn signal — sensitive to new physics...

Run Il preliminary

CDF: s,,*Br(W®tn) = 2.62+0.07 + 0.21 +0.16 nb

= + +
/o) =099:QRxQu |,
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W and Z cross section measur ements # Fermilab

Gy z % Br (pb)

-
o

CDF and D0 RunII Prellmlnary

o pp—>Z+X»"+x .................. + .................. -

Center of Mass Energy (TeV)

Theory curves.

Hamberg, Van Neerven,
and Matsuura,

Nucl. Phys. B359 (1991)
343



Sy*Br(W® In)
s Br(z® )

Tevatron Electroweak Working Group:

R Br(W® In), and (W)

World Averane (RPP 2002 -

includes Run 1 http://tevewwg.fnal.gov
Hun-ll-tiuﬁlt:?gr;nbinc-d — preliminary /R S W Br(W? | n) \
= CHEE

Hun il L_'n::-mi::uim-z[} —— S Z B r(Zj I I )
S — preliminary / LEP

COF 1w} — \_. NNLO -

; SM
Run | combined —%—

DO latb{e)—@——

COF Ia(e) : Br(W? In) = GW? In)/{GW)

EWWG Run [l preliminary
Lew o o byw oo low s B wulvouolesy ol R — 10.36i0-31

9 9.5 10 10.5 " 11.5 14

Br(W—lv) “IBr(W® In) = (10.38 £ 0.35)%
G(W) =2.181 %+ 0.074 GeV
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Di- and tri-boson physics £ Fermilab

 Important tests of SM
— Search for anomalous couplings, radiation zero etc.
— Crucial step towards discovery of Higgs

CDF Run 2 Preliminary 128/pb CDF Run 2 Preliminary 128/pb
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e | - E
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Diboson physics 2% Fermilab

CDF Run Il preliminary d_ » 126 pb® 1
* W cross-section
s (Wg)*Br(W® en)=18.0£3.3x25+1.2pb
s(Wg)*Br(W® m)=16.1£34+1.7x1.1pb
e /Q cross-section (combined)
S (Zg)*Br(Z® 1"1")=5.8+1.0+0.4+0.4pb

 WW cross-section (W® In)
s (WW) =5.1"3% £1.3+0.3pb
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Other measurements... R Fermilab

* Forward-backward Z asymmetry

FB

o S(cosq >0)- s (cosq <0)
s (cosqg >0) +s (cosq <0)

— Direct probe of couplings over the range of Q?
» No measurements with Q% > 200 GeV — surprises might await there...

i 1~ CDF Run |l Preliminary

&1 .
0.8 j-Lz?pr_1
0.6 ; + '
0df ++
0.2f ﬁ
ob } Ziy* —e'e’ MC
4}_ ot B
-0.2 __ '_%' : sev:::ﬁ:ulatium
0.4 ++ + Statistical
-0.6 - g Total ;
40 60 100 200 300 600
M, (GeV)

P
0.4 CDF Run Il Preliminary
A
L=72pb
0.2] I P
0_
-0.2— Ziv* > e'e"MC
band includes
eeeeee | theoretical
-0 4__ calculations
r Statistical
-0_6_—....|....|....|....|. ..|To.ta.‘|.|....
70 75 80 85 90 95 100 105
M. (GeV)

* Results agree with SM predictions

o Searchfor Z' — see Jane Nachtman talk later today...
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Summary of EWK results g Fermilab

* Baseline signals are established

o Extensive work is going to understand detector,
triggering, and simulation
— Essential for precision measurement
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Top physicsintroduction £ Fermilab

e Discovered by CDF and D@
collaborations in 1995

* Run | top physicsresults are
consistent with SM

— Statistics dominated errors
* Run Il top physics program will take full

advantage of higher statistics

— Better precision

— Search for deviations from SM expectations

ot an 3rd

1 .
Generation”
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Top production in Tevatron £ Fermilab

e Top pairs produced by gqg annihilation in 85%
e top decaysto Wb in ~100%
— Use W decay mode to classify final state

a / 5% Di-lepton + jets \
/
All jetsfinal

Pt

€ |epton

J
, 44%

7
\J

Antiproton
o) .
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Top physics program 2= Fermilab

1" 3

q g
é )

Preliminary resultson top

physicsat Tevatron:
. J

e tt cross-section
', q — strong physics of top
e Singletop
production
— electroweak physics
SM o TOp Mass
W helicity

New Physics 7




tt cross section (dilepton) X Fermilab

2 high-p; isolated leptons
Largemissing E; 3 2 jets

Event count per jet bin

80 CDF Il Preliminary 200 pb"

70 — WW+WZ+2727
+ + Drell-Yan

60
== + fakes

50 E

30

entries/jet bin

| Totalbkgnd =1 &

|

1
0 1 2 N

-

Run |l preliminary ~

D@ (100 pbl) : s, =8.7"3%(stat)
1\

CDF (200 pb): s, = 6.975(stat) 1.2(syst) + 0.4(lumi ) pb

227 (syst) £0.9(lumi) pb
J
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tt cross section (lepton + jets) e .
(topology, no b- tagglngcz ¥

F Preliminary (195 pb-1)

1 high-p; i1solated lepton WL g A ————— 1
| et \ f 0.0} il
Largemissing E; 3 3jets ot 0.8} N if
£ 0.5~ %6 3]
S 40r ctt (pb)
@
10;}.
20} P
, ¢, WEQCD
4
0IZ! 100 200 300 400 500 600

HT (GeV)

Run |l preliminary

CDF (195 pb): s, = 4.7+1.6(stat) +1.8(syst) pb

D@ (97 pbl) : s, =467 (stat) 7 (syst) £0.5(lumi) pb
g J
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Taggi Nng a b quark # Fermilab

4[ Soft lepton tagging ] [ Silicon Vertex tag L

Secondary vix %

A L 5 displaced tracK

Jet

e or lLin jet

Pri vt d
e b—fvc (BR ~ 20%) rimary vix

ot/ n O
e b—c—lus (BR ~ 20%)

[
o i
i
.
~d
P
#
]
i

Search for non-isolated soft B meson travels ~ 3 mm
lepton in ajet before decaying:
— Search for secondary vertex
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Silicon detectors 2% Fermilab

Run |l: cover entire

A AI Al luminous region
\7: f — b-tagging for all tt!
DO Runll Preliminar ihosi . ‘ 'r[lf‘h ';‘j i\
¥, Luminosity=114 pb 1 5';.
l Bs® J/Y f
“ H N =133+ 17
"] | 'k *
Ltk Hed
ft /W1
T e

L . ¥
5 5.2 5.4 5.6 5.8
Midiy &) Gevie®
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m+ jets double-tagged event X Fermilab

“. B tagging established in both experiments!

|mportant for
the top physics
measurements . P

-




tt cross section (lepton + jets) e
(silicon b-tag)

1 high-p isolated lepton
Largemissing E; 3 3jets

CDF Il preliminary
= | | L
100 Eiesiny Background
Rtz Background errors  _
= 0 Background + tt
£ 80 N {theory 6.7 pb) .l
% 3 S Bkgnd +tterors ]
L e Data
E 60— d =108 P
1] - -
g L
°
= 40}
=]
E
=
& L W
20—
. E
0 I

Number of jets in W+jets
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= Fermilab

-39 Run Il Preliminary
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i ] QCD
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CDF and D@ Run Il Preliminary

tt cross section summary 2% eermilab

(prel Iminary)

D& Dileprons 90-107 l.f;h

CDF Dileptons 200 ph”

D@ L+jets/CSIP 45 pb’”’

5 e } o | D@ L+jets/SVT 45 pb!

D& L+jetsitopa 92 f}h"f

_______________

I o | DE L4 jetsisoft muon 92 pu":""-
z DA L4 jets combined 92 ph "
CDF L+jets/SVX 108 pb
CDF L+jets/HT 195 pb”'

D@ Combined 90-107 pb’!

CDF L+jers/SVX/kine 108 pb™!

L. 3

8.770% (stat) "5 (syst) £ 0.9(lum)
6.9 27 (stat) +1.2(syst) * 0.4(lumi)

7.47%% (stat) 75(syst) £ 0.7(lum)
10.87 2 (stat) %5 (syst) = 1.1(lum)
4.6°5% (stat) 55 (syst) £ 0.5(lum)
11.47% 1 (stat) % o(syst) = L.1(lum)
8.07%%(stat) "1 (syst) £ 0.8(lum)
45+1.4(stat)+ 0.8(syst)

4.7+ 1.6(stat)+ 1.8(syst)

6.9, (stat)+ 0.9(syst)

8.1°25(stat) 75 (syst) + 0.8(lum)

15 .i Kidonakis hep-ph/0303086
Cacciari et al. hep/ph-0303085



Search for single top production # Fermilab

* Very difficult analyss: Z. Sullivan, NLO CTEQ5M1

— Requires a good knowledge of { = 198+ 01300
detector at large || s( )t-channel Jox Ulop

» Very interesting analysis: S (s channet = 0-88 £ 0.09 pb
— Measure V,, directly!
— Probe for new physics

CDF Run Il Preliminary

Run!l 95% C.L. limits:

""""""""""" =ee—%4 « CDFs,<135pb,s,<12.9pb
9 =islglafos 7 o DO s, <22pbh, s.<17pb
(\ « non-top E
/ \ - [S)léjtp: E
f .\. E CDF Run |1 preliminary

| 3 |sy(sttchannels) < 17.5 pb
M;}ﬁ_ - @95% C.L.
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Top mass measurement 5 Fermilab

e Top massisone of the SM parameters
— Higgs mass constraint

e Runll goals(d =2 fb?):
— DM, < 2.5 GeV

e Important to use best analysis tools
avallable to extract the top mass

« Will require help from theorists and
phenomenol ogists to achieve this goal
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Top mass measurement (CDF)

(preliminary)
Template method of top mass
calculation:

— Kinematic fit under (tf)
hypothesis

— Several combinations per event

— Choose the one with best c?
combination lepton+jets sample:

* lepton+jets sample: g =105 ppe
177.577  (stat) = 7.1(syst) GeV/c?

E_ I:l Data (22 evis)
5 % Signal + Bkgd

e
<] Bkgd only (6.5 evts)
L

3
0.5
130 140 150 160 170 180 '19‘0 20‘0 2'1‘0 FH
- 2
o / Top Mass (GeVic’)

0 540 260280

Events/(15GeV/c?)

Reconstructed Top Mass Tagged Events (GeVIc )
1.8

1.6

- T T ] TED 'l'll. 720
I CDF Run || preliminary
r & MC (M, = 175 GeV)
I < DATA

] 1 | 1 1 1 1
100 150 200 250 300
Mass / GeV

GeV
N
|
\)

[
Co M~ o
| |
-/f
=1 Lesgil |hn
£

dilepton sample:
175.07; 5 (stat) £ 7.9(syst) GeV/c?

number of events / 10 Ge
S © ©
T

=}
[ S
<|||




Top mass measurement L3 Fermilab
(Run | DQ) b

* While accumulating and analyzing new data from Run

I, we use Run | data to develop new, more powerful
techniques to measure the top mass.

e Matrix Element method:

— All measured information are used in the fit
— Wdl measured events contribute more to the fit
— Each event has the probability distribution

o Significant improvement of the statistical error:
— Equivalent to 2.4 more datain Run 1 sample

Preliminary
D@ Run | |+jetsdata: M, = 180.1 + 3.6 (stat) + 4.0 (syst) GeV/c?
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New Higgs mass prediction 2L Fermilab

(preliminary)
e 6 1 :n
=2 i % — All data, with old !
<] .'11 world-average M, !
5 - \  --- All data, !
| '1 with D@'s new M, 'r'
8 Bl Theory uncertainty ,"
4 — !
i ,"
3 — ,;
=l ‘;
2 =
1 - Region
excluded
1 by direct /;
searches w
0 1 I 1 I
20 100 200
Higgs Boson Mass (GeV/c?)
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W helicity in top decay (DO)

e Top quark decays before it can hadronize:

T :
= Fermilab

— Unigue opportunities to study bare quark with the mass of

natural electroweak scale

« Angular dependence of the top quark decay:

w(cosj ;) S F >§(1— cog . )+ FO>§(1— cos’j . )+F xg(l cosj ., )°
b Igs :EE Igﬂ
Right /'

i o b .\ Left
W+ a N\

W rest frame

Long.

Preliminary D@ Run | result

|

ol
/-
I

1
os ¢

Standard model predlctlon L 03, F,=07, F,=0J

[ Fy= 056+ 0.31 (stat)+0.04 (3yst) |
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Top physicssummary S Fermilab

e Tevatron isthe only place to study the top quark
until first results from LHC are available...

» Measurements of tt cross-section, aswell astop
mass are available and rapidly improving

 Already more than twice the Run | data:

— Go beyond discovery stage: start to measure top quark
properties...
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Conclusions 2% Fermilab

 CDF and D@ plan to make an extensive set of
publications using the first 200 pb! of data

e Expect at least 30 times more data than in Run | by 2009

80.6 ———r———r———
1 —LEP1, sLDData | DD/ CDF
: Run ||

80.5 - 68% CL Goal (2fb1)

130 150 170 190 210

Yurii Maravin, Aspen 04 February 2, 2004 m, [GeV]



T :
= Fermilab

Additiona dides
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Measuring efficiency with Z® mm 2= Fermilab

\ “CONTROL - p”

offline and

trigger ;'/l- )i \\,f"'t;:entral tracLI:iH\
99 H k“‘:fi_ . \\\\pT:’ 30 GeV
isolated "’x N
\_central track “\\\"'“"-~-~:.f,g,‘w_h
 Therearetwo muons P26 < )
isolated
 Low background trigger 1 22

e One can select a sample of

pureZ candidateswitha ¢. ¢ 7. 7
. w +4
very looserequirement on - +
one of the muons - D@ Level 1 trigger
ool efficiency
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Signature of Z and W decays 2 Fermilab
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tf cross section (all jets) X Fermilab

no high-p; isolated leptons
nomissingE; 3 4jets

Run 1 data

D@ Run 2 preliminary

250

200

150

Luminosity 80.7 pb*
# Selected events: 78
Expected BKkg. : 68.0+1.6

o Very difficult

A andysis

— SBislow

100

on
o

=]

events /0.05
[ 4% ]
[ ]
[ ]
c_llII|IIII|IIII|IIII|IIII|IJ_IIIlIII
B |

0.1 02 03 04 05 06 07 08 09
neural network discriminant
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1

i » Considered to be
almost impossible in
LHC



W helicity: test of SM 2= Fermilab

 Natural extension of the Matrix Element method
developed for the top mass measurement

e Use Run 1 data:

| F=056+ 031 (stat)+0.04 (syt) |

apply thesame il mum||m||m|mu|>m|> _,_,__:.___;___,_;

methodon Run2 | S LSS
data sample

o il

[
llI|||IIi“.'.'".-_“-‘-‘._I:I.:I;I:Eléiiiiis :
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