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Tevatron currently operating with proton bunches on antiproton bunches
at a centre-of-mass energy of 1.96 TeV.
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Tevatron “Runs” and Luminosity

Run 1: /s = 1.8 TeV, bunch spacing = 3.6 us
Run 2: /s = 1.96 TeV, bunch spacing = 396 ns

Run 2 is underway ( “good data” since January 2002).

At the shutdown this August will see about 150 pb~!
(Run 1 total integrated luminosity was about 100 pb™!)

Results presented here use data recorded up to January
2003 shutdown. Relevant luminosities of analysis quality
data:

D® CDF
Total ~50+5pb7 |72+ 4 pb7!
Total with SVX 57+ 3 pbt

Between January and April we have another ~ 50 pb~!
written to tape — the results from which will ready by the
end of this summer.

The Tevatron Goal is to deliver another ~ 250 pb™! in
FY2004 (of which we should write about 90% to tape).

—
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Tevatron Status

® Initial Luminosity (1031 cm_zs_l)
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= Initial luminosity has been steadily increasing

= Run 2 goal is about 2 x 103
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The CDF and DO Run 2 Detectors

General purpose detectors: tracking systems, calorimetry, muon systems.
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Main Improvements from Run 1

e DO

= New inner tracking

Silicon detector, fiber tracker
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Physics Processes @ Tevatron

Events Produced
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The statistics from Run 2 will allow precision measurements
of top quark and W boson properties, and detailed studies of
diboson production which are important calibration samples
for Higgs searches.

—
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—

W and Z bosons

Large cross-sections give large statistics for precision
measurements

olpp — W+ X) x B(W — fv)=2.Tnb

= ~ 270,000 W — fv events produced every 100 pb~!

— MW — 80.456 £ 0.059 GeV
(Run 1 CDF + D@ - better than 0.1% precision)

olpp— Z+ X)x B(Z —{T¢")=0.26nb
= ~ 26,000 Z — ¢/ events produced every 100 pb~!

Measurements at the Tevatron:

—> W/Z cross-sections, and o(W)/o(Z)
—> Lepton Universality

—> Forward-Backward Asymmetry

—> W charge Asymmetry

—> Diboson production
—> W mass and width
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o(W) x B(W — fv) at 1.96 TeV

® Signature is one high-Pr lepton, and large missing
tranverse energy — very clean signal.

® Backgrounds (Z — 0, W — Tv, bE) around 10% on
average (26% for 7 channel).

® Transverse mass spectra from W — uv events:

CDF Run Il Preliminary, 72pb *
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Summary of (W) x B(W — (v) at
1.96 TeV
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o(Z)x B(Z — ¢f) at 1.96 TeV

® Signature is two high-Pr leptons
® Backgrounds are very small (less than 1%)

® Sample is also used extensively in other analyses for
energy scales, resolutions, and lepton ID efficiencies.

® Invariant mass spectra from Z — ee events:

> 160~ DZ Runll Data ¢ 3 —
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Summary of o(Z) x B(Z — (/) at 1.96

TeV
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Tevatron W and Z Cross-Sections
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More on W — 71v

® Test of Lepton Universality.

® Provides a baseline for all analyses using 7's — will be
much more extensive in Run 2.

. W W
CDF Run Il Preliminary, JrLz 72pb” g. /9.
140(); W - tv :number of tracks, associated with the t candidate I
- 2345 events UAT 1991 . 1.01+0.12
1200— $ .
- UA2 1991 —r— 1.02+0.06
- —eo— Data 0
1000— W - TV i
i W= pv | CDF 1992 —-ﬁ— 0.97+0.07
800; W - ev :
i N7 L T1 DO 1999 — 0.98+ 0.031
i ; == QCD '
600~ | LEP 2001 . 1.026+ 0.014
200— ' PDG 2002 (wlo LEP) ~ —e— 0.988+ 0.025
200l CDFII Preliminary 2003 —e+— 0.99+ 0.04
OE - ! ! 0.7 1 1.3
0 1 2 3 4 5 6

7 8 9 1
number of tracks

B(W — 1v)
B(W — ev)

= 0.99 £ 0.04 (stat) £ 0.07 (syst)
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Forward-Backward Asymmetry

do(cosf > 0) — do(cosf < 0)
do(cos@ > 0) + do(cosd < 0)

AFB —

® [orward Calorimeters crucial for measurement.

® Direct probe of v, Z couplings — deviation from
expectation could be due to interference from new
physics.

® High mass reach is unique to the Tevatron.

® \With the current Run 2 statistics no deviation from the
SM observed — new results out with double the data by
end of summer.
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Top Physics

® The Fermilab Tevatron has been the only place to study
the top quark, and will be until the LHC turns on.

® Everything we know directly about Top is based on about

100 tt events from the Tevatron “Run 1" by the D@ and
CDF collaborations.

® \With the significantly more ¢t events produced in Run 2,
we will move beyond our discovery phase and make
precision measurements of top quark properties to try and
answer such questions as:

—> Why is Top so heavy ?
s it, or the third generation, special ?

%
— |Is Top involved in EWSB ?
%

Is it connected to any new physics ?
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Top production at Hadronic
Colliders

Production Cross Section (pb)
Run 1 Run 2 LHC
pp 1.8TeV pp 2.0TeV pp 147TeV

In pairs via the strong interaction

q t

90% 85% 5%
q t
g t 9 yrvvesrTey v
4 10% 15% 95%
g t 9 yoyywwewes v
5.0 7.0 800
Singly via the electroweak interaction
q t
w 0.73 0.88 10.2
q b
.
q T q
w
W t 1.7 2.4 245
b
b t g
b
g t S A LA R B
i . 0.07 0.12 62
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Expected top production numbers

Run 1 Run 2 LHC
(100pb~1) (per b 1) (per 10 b 1)

CM Energy (TeV) 1.8 1.96 14.0
L(em™2s71) 2 x 10%1 2 x 10% 1037
o(t7) (pb) 5.0 7.0 800
o(single top) 2.5 3.4 320
N (tt) produced 500 7000 8,000,000
N (single top) produced 250 3500 3,200,000
N(tt — dilepton) 4 80 50,000
N(tf — I+ > 37) (> 1 b-tag) 25 700 400,000
N(t — I+ > 4j) (2 b-tags) 5 300 200,000
N (single top) (W + 27, 1 b-tag) 3 70 60,000

® Run 1 uncertainties dominated by lack of statistics.

® Measurements in Run 2 (particularly of mass and cross
section) will be dominated by systematics, which will
require more work to reduce.

—
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Top Decay

® In the SM, assuming V-A coupling with a CKM mixing parameter |Vj;| = 1 for
the ¢ — bW decay vertex, one gets (LO) :

M 3
T(t = bW) ~ 175 MeV (M—t) (M, My > M,)
w

=Tt —=bW)~15GV = 71(top) ~4x10"%s

® Non-perturbative QCD hadronization takes place in a time of order:
Agep ~ (100 MeV)™ ~ 1073 5
= top decays as free quark (no top hadrons, no toponium spectroscopy)
= top decay will remember its original spin—% state

® (- Wsandt— Wd allowed but suppressed by factors of ~ 1073 and
~ 5 x 1077, respectively.

®  Decay signatures and branching ratios :
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P, (GENP, leading b-jet) (GeV) P, (GENP, second b-jet) (GeV)

2000 [~

1500 -

BR(W — fv) =3/9
BR(W — ¢7) = 6/9

1000 -~

500 -

3 classes of signal : RN ‘1°°p:12(é;v‘§° T |e;?tonp£eud;fapidi§
Dilepton (2 high-Pr leptons, 2 b jets, large Missing Er ) : BR = 1/9
BR(ee,uu,en) = 5%
Lepton + Jets (1 high-Pr lepton, 4 jets (2 b's), large Missing Ep ) : BR = 4/9
BR(e, p + jets) = 30%

All-hadronic (6 jets) : BR =4 /9
BR = 44%

—
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What we can measure from tt

W helicity l,

Top spin polarization]
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Production Cross Section

Decay modes

Resonance production ?

Branching ratios

Production kinematics

CKM matrix element |Vipl

SM

Rare decays

\ 4
t->Zc/Yc, t->WZb, ...

New Physics ?

Non-SM decays
t->H-, t->t, ..
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General event selection for top

events

® |eptons : (from leptonic W decays)

ngh Pr - ET<€), PT</L> > 20GeV

Central (|n| < 1.0), isolated, good track and cal quality
® Jets : (from b quarks, hadronic W decays, ISR, FSR)

Er > 15GeV,
b-tagging using SVX to measure secondary vertex (SVX)

n| < 2.0

b-tagging using identification of lepton in jet (SLT)
Jets corrected for detector response

® Missing transverse energy : (from neutrinos)

ET > 25 GeV

® Kinematic variables : (exploits large Mj,,)
Sum of Er of all objects (Hr)
Aplanarity, sphericity

Neural nets

® Many of the Run 1 selection cuts were remnants of top search
analyses.

® In Run 2 we are better optimising the selection for measurements —
also many new tools being developed.

—
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b tagging

® b-quarks have a long lifetime : 7(b) ~ 1.5ps (¢7 ~ 450 pm)
— B hadrons travel Ly, ~ 3mm before decay.

® b-tagging using displaced vertices (SVX)

displaced e Uses SVX tracking

tracks

Secondary e Secondary vertex > 2 tracks
vertex
\ Ly - o Tagged if Ly, /o, > 3.0
Primary - . (typically OLy, ~ 150 fum)
vertex d0
. €p 25%
y e(top event) ~ 50%
€. ~ 4%
X €fake ™ 0.2% per jet
prompt tracks z

® Soft lepton tagging (SLT) of b quarks

e Identifies lepton in semi-
e or Win jet leptonic b (or ¢) decays

e Lepton softer, less isolated
than from W/Z decay

~==='b €p ~ 7%

e(top event) ~ 16%
e b tve (BR ~ 20%) o 4%

C
e b—c—lvs (BR ~ 20%) € fake ™ 1% per jet
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Dilepton decays

o tt — WTbW™b — (£ vbl~vb (£ =ceor )

® Branching ratio small (5%), but signal to background
ratio large — no b-tagging required.

® Event Selection :

2 high-Pr leptons (Pr > 20 GeV)
Large Missing Er
Veto ee and pu events in Z mass window (D@ do not

reject all events in this window but rather raise the
Missing E7 cut)

At least 2 jets with large Ep
Large total transverse energy

Acceptance around 1%

® Main backgrounds :

® Cross Section:
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D@ Dilepton results: Run 2

preliminary

ee pp ep

Background | 1.00 £ 0.48 0.59 +0.30 0.07 £ 0.01
Expected ¢ | 0.25 +0.02 0.30 & 0.02 0.50 &£ 0.01
B +tt 1.25 £0.48 0.89 £0.30 0.57 4 0.02
Run 2 Data 4 2 1
(,,10 _ Before #, > 20 GeV cut
==
R o et
33 pb~"
DO e channel L R L
i 1 ’ Nur?1ber4of Jetss
0 —> Kee
Sk L After ¢T220 GeV cut
LE -: Data —@—
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107k ww T
F T ' Zott T
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1072 0 1 2 jl 4 I 5
Number of Jets
% 1 - Keep -‘-
G |
107 | B peTee
10‘2;- :i—l """
1 0_3 O: 50 100 150 200 250 300
E(e)+E(jets) [GeV]
o +21.0 +14.1 +3.0
04 = 29.9 75 7(stat) Tgi (syst) Z3ip(lum) pb

—
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CDF Dilepton results: Run 2
preliminary

ee i ep
Background | 0.10 £ 0.06 0.09 4 0.05 0.10 £0.04
Expected tt | 0.47 +0.05 0.59 +0.07 1.44+0.16

B +tt 0.57 £ 0.08 0.68£0.09 1.54 +0.16
Run 2 Data 1 1 3
CDF Run Il Preliminary - A@vs ET Njetszz, After all cuts
3.5_
MC tt
3 ® Data ee
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=25r * Data el
2, B
% 2
3 i
(n -
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1_— u *
o5 M ®
. = |
o | $ oo *| $ | . | |
O_I___L___L_l__ (0] P 4GOI OO oV Kb |, o? P | O] |
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#, (Gev)

oy = 13.255(stat) T53(syst) 2§ (lum) pb
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Number of Events

—
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CDF Run 2 Dilepton kinematics

Before Ht cut

CDF Run Il Preliminary - H; Distribution

3k O MC tt X 10
B m Data ee
2.5~ = Data pp
B = Data el
21~
1.5F
1
0.5

H; (GeV)

Compare with Run 1:

9 events observed

B=25+05 (B(ey) = 0.8+0.2)
Expected tt = 4 events (2.2 eu)

00 50 100 150 200 250 300 350 400 450 500

A@ (F,.closest | jet)

3.5[
¥ MC tt
3 ©® Data ee
- W Data pu
2.5~ * Data epl
21~
1.5F ®
C *
1 - *
05 e @ g
- . *‘ . | , I,
O_L._A_s ______ 8 Jge| 00 o v Kb |, o
0 40 60 80 100 120 140
E; (GeV)
o
% L
-g 3j ® ce
= Niets > 2 mouu
-i—)-z.s— * e
c
2 [
@ 2
=
L
\2/ L
e_1.5?
3
" : *
1- = *x K
7.-.... * *
05 = ® ol
e, m
[w e
ofo'=.‘°\"‘.m'm”MHM*‘\H‘\‘
0 20 40 60 80 1 120 140

CDF Run Il Preliminary - Apvs ET Njetszz, before H; Cut

00
Missing E (GeV)




Lepton + Jets decays

o tt - WTbW™b — q¢'blvb

® Branching ratio larger (30%), but background much larger
so b-tagging useful.

® Event Pre-Selection :
= 1 high-Pr e or u (Pr > 20 GeV)
= Large Missing Er
= At least 3 jets with large Er

® Further selection to reduce background :

= topological: > 4 jets + kinematic requirements (DQ)
= At least one jet with a Soft Lepton Tag (DQ)

= At least one jet with a displaced vertex (SVX tag)
(CDF)

® Main backgrounds :

=
=
=

—
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D@ Run 2 Lepton + Jets results

Topogical analysis: > 4 jets, requirements on the total energy in the event.

SLT analysis: > 3 jets, one with a soft u, softer topological cuts

e + jets u + jets

e + jets/p p + jets/p

Background
Expected tt
B+t

2706 2.7+1.1
1.8 2.4
4.5 5.1

0.16 £0.10 0.74 £ 0.38

0.54
0.70

0.82
1.6

Run 2 Data

4 4

2

0

100

L =2 jets

80—

Events

60—

D@ Run Il
+ Preliminary

t t 40pp

1
t
sl ++

20 ¢
¢¢

0 20 40 60 80 100 120 140

M. [GeV]

‘ 4
DO p + jets channel +++¢*¢*.

> 3 jets

o

"M+ titit
bb+tjets
0 20 40 60 80 100 120 140

M [GeV]
F 24 jets N,, =125

N, =25+9
N, =3
Ndata:38

00 20 40 60 80 100 120 140 160

M, [GeV]

g (lum) pb

Events

N
a
T T T T T

Events

10F

sf

+4.1

oy = 5.85 (stat) 55 (syst)
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CDF Run 2 Lepton + Jets results

SVX analysis: > 3 jets, one jet with an SVX tag

W +1ljet W +2jets| W + 3jets W + > 4 jets

Background | 33.8 5.0 16.4+24 | 29+0.5 0.9£0.2
B+ tt 34.0£5.0 187X£24 | 74+£14 7.6 £2.0

Run 2 Data 31 26 7 8

CDF 1l preliminary

5% Background errors
— Background + tt

'E 7 R Blkgnd +tterors —f
E - o ® Data(57.5pb") -
E 20 W E
g 152— —f
£t :
Z 10—
55— | | -
ot | | | L | -
1 2 3 >4

Number of jets In W4jets

o7 =b. 3L (stat) T3 (syst) O3 (lum) pb
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Top quark cross-section summary

Run 1 combined | Run 2 combined (preliminary)
D@ | 594 1.7 pb 8.571% pb
CDF| 6.5 pb 6.973 pb

TOP PRODUCTION CROSS-SECTIONS
(RUN 2 PRELIMINARY)

14 :
= DO combined
e CDF combined
12 +
10 |-
3 [ |
Sst e
b I PRy R,
I T S
L o T
6 I ______________________________________________
g L
2 -
Theory curves: hep-ph/0303085
°L75 18 185 T To8 = o

Centre of Mass Energy (TeV)

® Theory curves from hep-ph/0303085 (Cacciari, Frixione, Mangano,
Nason, Ridolfi) where the upper and lower curves represent doubling
and halving the central scale of m,, and incorporate the spread from

different PDF's.

—
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CDF Run 2 Top Mass measurement

® With no tagging requirements 33 lepton + > 4 jet events.

® Fit to signal and background shapes

CDF Il Preliminary (72 pb '1)
M., =171.2 + 13.4 + 9.9 GeV/c’

ED Ciata (33 evars) 0.
El:l Background D:
ED Bckg+Signal !

D Evants with tag (8)

-t
o

-A Ln(L)
o0 o090 000

180 165 170 175 180 185 1890

Top Mass (GeVic')

g i
100 150 200 250 300 350

Reconstructed Mass (GeWcz)

Events/(15 GeV/c?)
- N W 00 O~ 0 O

=]

® CDF and D® working towards a mass from b-tagged events by the
end of summer.

—
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Tevatron Top Mass Summary

® From Run 1:

Tevatron Top Quark Mass Measurements

—_ 168.4 + 12.8 GeV/c” Dilepton
—e— 173.3 £ 7.8 GeV/c* Lepton+jets

—e— 172.1 £ 7.1 GeV/c* Combined

—— 167.4 + 11.4 GeV/c’ Dilepton

—e— 176.1 £ 7.4 GeV/c* Lepton+jets

——e——[186.0 £ 11.5 GeV/c* All—Hadronic

—o— 176.1 £ 6.6 GeV/c’ Combined
"""""""""""""""" . Tevatron
combined
o 174.3 + 5.1 GeV/c? ~ 3% precision
\\\\‘\\\\‘\\:\\‘\\\\‘\\\\

150 160 170 180 190 200
Me, (GeV/c?)

® CDF Run 2 preliminary measurement in 72 pb~" without a b-tag
requirement:

Mo, = 171.2 4 13.4 (stat) & 9.9 (syst) GeV /¢’

® D@ have a recent new analysis using a subset of the Run 1 events, in
which all features of individual events are included, so well-measured
events contribute more than poorly-measured ones.

My, = 180.1 4 3.6 (stat) £ 4.0 (syst) GeV/c?

Improved sensitivity equivalent to 2.4 times more data !

—
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Top quark prospects in Run 2

Short-term (this year)

® D@ will soon include a o7 using SVX b-tagging.

® By the shutdown in August will have more than double the current
Run 2 statistics (which will be about 50% more than Run 1) for
improved measurements. Will also have improved systematics.

® Mass measurements, including those in the dilepton channel.
® Top in “all-hadronic” decay channel.

® Further elucidation on some Run 1 results: ex channel, heavy flavour
tagging in the lepton + jets channel.

Longer-term (~ 1 fb™!)

® Discover single top production.
Measure cross-section to about 10%

®
® Measure top mass to about 3 GeV (CDF and D@ combined).
[ J

Many other measurments to be made in order to maximize our
understanding of the top quark: W helicity, top spin correlations, rare
decays, X — tt, |[Vip!, -......

—
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Diboson physics

CDF Run 2 Preliminary L=72 pb™

® Measurement and understanding of W' and W Z production will
not only provide useful measurements in their own right (as well as
provide limits on anomalous couplings), but will serve as an important
precursor and calibration for associated Higgs production searches

(q¢ — VH (V =W, Z)).

® W and W Z Cross-sections of the same order as tt but harder to
discriminate signal over background.

® |nitial Run 2 studies of W+, Z~ and WV production are underway.

W~ analysis: 1 high-Pr lepton, missing energy, 1 photon.

CDF Run 2 Preliminary L=72 pb™

% NOZZ:
(960— ®  Data (81 Events) ; ; +  Data (43 Events)
g B waBackground 820? % Q::zc::::ackgmund
8 QCD+Z y+TvyBacl kgroun d %18} i D Zy+1vy Background
G %w . S16F
401~ T1gf
I 12}
10F
20} sF
°F
-
. 2
0 L I_ﬁ == n okw PRI R !
0 20 40 60 0 20 40 60 80 100 120
Photon Et (GeV) Transverse Mass (GeV/ ¢?)
CDF
sample | B | o x B(W~vy — fvy) (pb) || sample | B | o x B(Zvy — {lv) (pb)
e 43 33% | 17.2+3.8+£284+1.0 11 5% | 5.5+£1.74+0.6+0.3
7 38 29% | 19.8+45+£244+1.2 14 5% | 6.0£1.6+0.7+0.4

—

SM o x B(W~ — lvy) =18.7+ 1.3 pb

M. Kruse, PIC03, 28 June 2003 34

(Er(y) > 7 GeV, AR({,~) > 0.7).




WW production in the dilepton

dilepton channel.

in the events.

channel

CDF Run II Preliminary

from this search.

M. Kruse, PIC03, 28 June 2003

H — WW 1 D@ already
have preliminary Run 2 results

® |argest backgrounds are W7, Z/~* — ¢/, Fakes.

® CDF results from a preliminary study of WW production in the

® Signature is 2 high- Py leptons, large missing energy. Require zero jets

CDF Run Il Preliminary -A@vs £, N._ =0

jets

Source ee i e o
Drell-Yan ete™ 0.16 +0.09 0 0 0.16 £0.09
Drell-Yan ptpu~ 0 0.34+£0.15 0.16 £ 0.09 0.50 £0.18
Drell-Yan 77~ 0.011 + 0.004 0.012 4+ 0.005 | 0.034 £0.013 | 0.056 +0.015
wWZ 0.010 £ 0.001 0.017+£0.002 | 0.029 £+ 0.003 || 0.057 £ 0.005
Fake 0.11+0.10 0.095+0.111 0.54 £ 0.59 0.74+0.61
tt 0.0039 £ 0.0025 | 0.0033 £ 0.0022 | 0.015 4 0.006 || 0.022 + 0.007
Total Background 0.294+0.13 0.47+0.19 0.77 £ 0.60 1.53 £ 0.64
WW — dileptons 0.55+0.13 0.66 £ 0.15 1.58 +£0.36 2.79+0.62
Run 2 Data 1 0 1 2
® Efforts now to get better 3.51
fake estimate, optimize o
selection criteria - new i
results soon with more data. 2.51-
®  Analysis will naturally lead 3 21
. . o n
to high mass Higgs searches, 2
w1,

)

A

MC WW
@ Data ee
M Data pp
* Data e

J' L dt=72 pb™

*

| 1 L1 1 ‘ L1 1 ‘ L1 1 ‘ L i 1

60 80 100 120 140
7, (GeV)

—



Searches for Higgs

® In the SM, Higgs integral to EWSB and mass generation

® Precision measurements of
80.6 —T— ——
MW and MtOp :> MH - 68% confildence level (1|0) contoursI

- %J - — LEP1, SLD data
[ Pl’eCISIOH measurements O, - #EP% CDFE, Dﬁ data
80.5 === evatron Run
of all EWK parameters S|
predict a light SM Higgs: :
80.4 |-
Preferred: i
_ +58 2
MH — 91_37G6V/C B
At 95% CL: 803 ng\s;s]z/s
2 reliminary 7
MH < 211 GeV/C LEPE;/VII/G W'O\}'B/ i
1 1 1 I 1 1 1
® | EP2 have set a 80-230 150 170 190 210

oo [GeV
95% CL lower limit Myop [GeV]

of ~ 114 GeV/c?

® These results give guideline 6

of where to look |\ L mal=
: — 0.02761+0.00036

=== 0.02747+0.00012

® Possible to discover
at the Tevatron in
the next few years 77 4

® This is an important 21
physics motivation
for the Tevatron | Excluded L/ Preliminary_
Run 2 programme 20 100 400

m,, [GeV]

—
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HY Production &

Production

Decay @ Tevatron

® g — H dominant, but no sensitivity to H — bb due to large QCD

background.
® WH/ZH provide

most sensitive channels

10 ¢

for light Higgs searches

at the Tevatron. 10t

102 F——

o(WH) ~ 0.15 - 0.05 pb ,,2[

M, = 175 GeV
CTEQ4M

—
: o(pp- H+X) [ph]
A Vs =2 TeV

® ----------- 3
(FOF MH ~ 120 -1 60) i i \.....,....._.,_..._......._.,._;-.-,:-.-.;;;;;;;:;;::::;:::::;;_--.....A,,____gg_fqq~ Htt
- (W H) /U ( 7 H) ~ 16 107 ] ------------------- 3
af 9g.qo-Hbb
® = Needa 10 6 100 120 140 160 180 200
LOT of luminosity ! M, [GeV]
Decay | —~
. . C WwW ]
® Light Higgs: [ Standard Model ]
My < 130 GeV/cz, BR(hg,) /_,
H — bb dominates. l /
10' + - ;.' -
® For UV < 130GV /2 J
_____ J2z
-2
10 E =
30 — 100 I 120 140 160 I I 180 I I 200
M, [GeV]
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V H' Signatures, for My < 130 GeV /¢

® For My <130 GeV/c* focus on V H production with
H — bb. The decay channel then depends on the vector
boson decay.

7 — BR W — BR
7 0% @ 67%
1% 19% 2%, 22%
(0 (b=e,u)| 6.8%

TrT 3.4% TV, 11%

® 4 search channels:

pp — W + H® — lv + bb

require 1 b-tag only (st), or > 2 b-tags (dt)
pp — Z + HY — v+ bb

require 1 b-tag only (st), or > 2 b-tags (dt)
pp— Z + HY = (0~ +bb

require > 1 b-tags

$ 4 4

® b-tagging and M;; resolution are critical for a light Higgs.
Success of the CDF and D@ Silicon Vertex triggers is
crucial = large Z — bb sample.

—
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Prospects for Run 2

0 "‘102 CDF PRELIMINARY Run1
® In Run CDF Set 95% CL @ 957 CL upperl\lmuts
limits about 30 times N e
higher than SM prediction R \“\---'1/__'@;)____"'_”_'"_”_'
z g bt
at Mg ~ 115GeV @ 10 © - ugbb _ _ _ _ _ g
VH Combumed
— sets scale for % a |
. . . S %
required luminosity | T =
o S
o 1 a -
B f L
) combined CDF/QO thresholds I
10 i _li Standard Mo
lso - 2090 100 110 120 130

Higgs Mass (GeVA)

® [or maximal sensitivity

l2 o in Run 2, D@ and CDF

— 95% CL limit

integrated luminosity/expt. (fbo™)
)

10° f — 30 evidence ; will have to combine
i . E— 50’ dlscovery _
80 100 120 140 160 180 200 their results over
Higgs mass (GeV/c?) all channels.

® More extensive use of NN's to optimize all kinematic
information.

® With ~ 10 fb~! could discover Higgs if
My < 130 GeV/cQ, or, exclude it up to 180 GeV/c2.

® Run 2 sensitivity studies are in the process of being redone
with the understanding of our new detectors.

—
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Conclusions

® Both the CDF and D@ detectors are now working well in
Run 2, and the understanding of their performance is now
leading to high quality physics results.

® The first Tevatron Run 2 W, Z and tt cross-sections have
been measured, with the top quark observation
re-established in Run 2.

® These measurements are only the beginning of a rich
program in next few years in electroweak and top physics.

® The Higgs program is underway with background studies,
and awaits the significantly more integrated luminosity
expected for its observation.

—
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Heavy Flavour tags in

lepton + K7 + jets events

® Studies of the top cross section in the lepton(central) + jets channel
with an SVX tag and an SLT tag prompted a detailed examination of
the W+ heavy flavour sample.

® 13 lepton + K + 2/3-jet events were found with one of the jets
containing both a SVX and SLT tag.

® The SM expectation was 4.4 + 0.6 events.

10 80

F L ) data
N Eventswith superjets Complementary sample
9
i o ] rop
8 - ° ° data di-Bosons
% r |:| TOp % 60 - singletop
s [ o ] we
50
% 6 — - Other §7 - Wbb, Wce
g o Z+hf.
5 5+ ° 5 40
° o [ mistags
2 2
E " E oW
Z Z
z , z
20
2
10
1

0

Number of jets Number of jets

® A complimentary sample (SVX only tagged jets) consisted of 43
events with a SM expectation of 43.6 + 3.3.

® Over all jet bins the probability of consistency with the SM is 0.65%.

® The “a posteriori” probability of observing 13 or more events in the 2
and 3 jet bins with a superjet is 0.1%.

® | ook at kinematics.....

—
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Heavy Flavour tags in
lepton + K7 + jets events

® |If the 13 events are a statistical fluctuation, the kinematics of this
sample should be consistent with the SM and the complimentary
sample.

® 18 kinematic distributions of the 13 events, and of the complimentary
sample, were compared with expected SM distributions, and their
likelihoods determined.

H L L L L T rrT T L L
(a) (b)
2t events with superjets | complementary sample
1 L — _
1 1 _
O L by by 0 | [ L L
0 20 40 60 80 100 O 20 40 60 80 100
P (%) P (%)

® Comparisons by some authors with the complimentary sample showed
the disagreement to be at the 1079 level.

® Anomalies have no explanation within the SM. Also hard to reconcile
in exotic models.

® Many cross-checks and further studies done.

® Detector effect ? Obscure feature of simulation 7 New physics ?
Run 2 will tell us.....

—
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R and FW

2006
i o
- World CDF Run Il Preliminary
2002 VOO e 1
2000} —e— DO | (e+1)
. 1998/
S i <«— Standard Model
> 1996
L —e— CDFI(e)
1994__
1992 . UA2(e)
i ¢ UAl(e+p)
1990_—
1988_ | | | | | | | | | | | | | | | | | | |
1.8 19 2 2122 23 24 25 26 2.7 2.8
(W)
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