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Tevatron Collider Run I

- More bunches in Tevatron .
More pbars in a bunch
- Higher energy

Main Injector
Recycler Ring

Run Ib Run lla Run Ilb

Bunches 6Xx6 36x36 140x105
Energy(GeV) 900x2 980x2 980x2
Protons/bunch 2.3x10" 2.7x10" 2.7x10M
Antiprotons/bunch 5.5x1010 3.0x1010 | 1.0x10!"
Pbar production rate(hr-1) 6.0x1010 1.0x10!"! 5.2x101
Crossing angle(urad) 0 0 136
Luminosity(cm-2sec) 0.16x1032 | 0.86x1032 | 5.2x1032
Int. Luminosity(pb-1/week) 3.2 17.3 105
Bunch spacing(nsec) ~3500 396 132
Interactions/crossing 2.5 2.3 4.8

Planck 02: T. Yasuda, Fermilab




L,

Integrated Luminosity (pb™)

3o

25

20

15

10

Integrated Luminosity

350
[ £ ID Preliminary |
i D.eln-'ered 100
— e Live
i Live (Phwvsics Runs) ]
I 1 250
- Detector Commissioning; .
- Timing in; Improve electronics, 1 200
- DAQ and offline & .
- ~ ]
- _ . 1 150
i First Collisions ]
- Run I start 71 100
—DO roll-i ST
. 1 s0
. v £ .
S = m = b @ & O @9 @ @ o = n o= mow 0
g8 g8 g 2 2 8 2 2 8 2@ 2 2 @ g9 9 G 3 8
Date

2002 PrOJected

...........................................................................................................................................................................

Jan/l  Feh/2T  Apr/26 Juni23 Augf20 0ct/17T Dec/ld

Planck 02: T. Yasuda, Fermilab




Run Il DO Detector

Forward Mini-drift
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Run Il DO Detector

New magnetic inner tracking
system
- 2T superconducting solenoid

- 800k channel silicon strip
detector

scintilating fiber tracker

- preshower detectors
Faster calorimeter readout
electronics for shorter bunch
spacings
Upgraded muon system

- new forward muon detectors

- additional scintillation
counters in central

- Increased shielding
Forward proton detector

New trigger & DAQ system
- Silicon Track Trigger
- 10 kHz accept rate at L1
- 1 kHz accept rate at L2
- 50 Hz accept rate at L3
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Run Il CDF Detector
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Run Il CDF Detector

New Silicon Microstrip
Tracker
- layer 00
- SVXII detector
- Intermediate Silicon Layers
New Central Outer Tracker
- 96 wire planes
- 0.88 cm drift cells
- 100 ns drift time
New Time-of-Flight detector
- TOF resolution ~100 ps
- improve 1i/k/p separation

New Plug Calorimeters
- scintillating tile calorimeter
Silicon Vertex Trigger at L2
- Triggering on impact
parameters
Cerenkov Luminosity
Counter
New trigger/DAQ system
- <50 kHz accept rate at L1
- 300 Hz accept rate at L2
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Constraining Higgs Mass

One of the most important

goals of Tevatron Run llisto ~ 80:6] T T
search Higgs boson. - ’ ala
Precision Electroweak 8051 68%CL
measurements can provide S '
constraints on what Higgs 2 |
mass should be. = 80.4-
- .
S
80.3-
my, [Ge ]
80.2 114 ?’0. 10007 IPlrelllmllna.ry
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Electroweak Higher Order Corrections

Standard model parameters: - Various schemes in use:
- a=1/137.0359895(61) - On-shell

- G=1.16637(1)x10°GeV-2
- M,=91.1872+0.0021 GeV

sinfyy = 1— MZ/M:2
TCE 1

With these, M, can be Ko V2G psin Gy (1 — Ar)if2
constrained by M, and M,
(or sinB,) - MS bar
- OM,=2GeV corresponds to - Effective angle
oMy =12MeV - used in LEP Asymmetry
- dM,=30MeV corresponds to measurements
dM,=30GeV s i
sin“gelelve — (1 4 Ax(M,, Mg))sin® 8y
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Electroweak Higher Order Corrections
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Top Quark Mass Analyses from Run |

Data

- DO: 125 pb-', CDF: 109 pb-!

Dilepton channel

- Clean signal

- Small statistics

- two undetected neutrinos
Lepton+jets channel

- Larger background

- Larger statistics

- one undetected neutrino
All hadronic channel

- Large background

- Larger statistics

- no undetected netrinos

DO CDF
Channel Nobs Nbg Nobs Nbg
Dilepton 6 1.4+0.4 8 1.3+£0.3
Lepton+jets 77 ~50 76 ~30
All hadronic — — 136 108+9
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Top Quark Mass

Tevatron Top Quark Mass Measurements

Tevatron
combined

150 180 170 180
My, (GeV/c%)

168.4 £ 12.8 Gev/c*
173.3 + 7.8 GeV/c?

172.1 £ 7.1 Gev/¢?

1674 £ 11.4 GeV/c®
175.9 + 7.2 Gev/c’
186.0 + 11.5 Gev/c?

176.0 £ 6.5 GeV/¢’

174.3 + 5.1 Gev/c’

190 200

Dilepton
Lepton+jets

Combined

Dilepton
Lepton+jets
All=Hadronic

Combined
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Run Il Prospects for M, measurements

- Lepton+jets channel

Run 1 (DO) | Run lla (2fb-1)
statistics 5.6 GeV 1.3 GeV
Jet E scale 4.0 GeV 0.5 GeV
MC generator 3.1 GeV 0.7 GeV
MC model 1.6 GeV 0.4 GeV
Fit procedure 1.3 GeV 0.3 GeV
Total syst 5.5 GeV 1.0 GeV
Total 7.8 GeV 1.6 GeV

- dilepton channel (smaller
syst, larger stat)

- Improvements

- calibrate jet E scale using
data
. Z+jet, W —jj, Z -bb
- Constrain gluon radiation
effects in MC with data

- double b-tag
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Improved DO W mass measurement
submitted to PRD, hep-ex/0204014, FERMILAB-Pub-02/055-E

82 pb-! of Run | data

Using edge electrons in the
central calorimeter
- Previous analyses discarded
two 10% azimuthal regions
near an edge
14% increase in the W boson
sample in CC

Improved determination of
the response parameters
using edge and non-edge Z’s

W mass with edge electrons
- My=80.574+0.405GeV
CC W mass
- My=80.446+0.108GeV (old)
- M,,=80.438+0.107GeV (new)
EC W mass
- My=80.691140.227GeV (old)
- My=80.679+0.209GeV (new)
CC + EC W mass
- M=80.482+0.091GeV (old)
- My=80.48110.085GeV (new)
All combined
- My=80.48340.084GCeV
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MT distribution with

edge electrons

“Edge”

EM modules

50

25

o

¢

i

+
i

Wt ﬂ"ﬁ

=44 76,29 +
MW:8OA596+—OA23iﬁx,
T

modules:

Central Calorimeter 3@

Boundary between { %

I

e i)
|

(=

[t
0 50 55

T T B o e e L.
O B Fae =) 850

DO preliminary

SI[ILPOUT THD D) .I()(]I.{.‘SI’HII 0M] 977 JO MITA

85JHQO a5 100
eV

Planck 02: T. Yasuda, Fe_rmilab

ZSDJDOQ Moppa, % ]

|

-
i FEIsndig




W Mass Measurements

x*INexp = 0.6/4

Updated DO measurement with .
80.360 +/- 0.370 o CUA2(W - ev)

additionally constrained |
calibration and edge electron fits  80.410 +/- 0.180 —@——ICDF(Run 1A, W — ev,pv)

(8% improvement) 80.470 +/- 0.089 ~@® - CDF(Run 1B, W - ev,jv)
80.433 +/- 0,079 @ CDF combined
80.350+-0270 | @+ DORun 1A, W - ev)
80,498 +/- 0,089 @ DO(Run1B,W - ev)
80.483 +/- 0.084 —@— DO combined
80.454 +/- 0.060 @1 Hadron Collider Average
80.450 +/- 0,039 ® LEPII (ee - WW)
80.451 +/- 0.033 ® World Average

795 797 799 801 803 805 80.7 809 811 813 815
Mw (GeV)
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Prospects for W mass Measurements in Run |l

Run lla with| [dt=2fb""

Stat. uncertainty=13MeV/c?
per channel, per experiment

Detector-specific
uncertainties scale as 1/W,

- lepton energy and
momentum scale

- W recoil modeling
- 15MeV/c?

Theoretical uncertainties
- PDF
- Wpy
- QCD higher order effects
- QED radiative effects

- 20MeV/c?
Total uncertainty=30MeV/c?
per channel, per experiment
Run llb with[ Ldt=15fb"!

Stat. uncertainty=5MeV/c?
per channel, per experiment

Systematic uncertainties are
hard to predict at this level

- Hopefully improved as stat.
Uncertainties

10 MeV/c?2 measurement
possible
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W —ev from Run Il data (DO)

Background subtracted

w/o. track matching

. Missing Transverse
i Energy

4t

Track matching of
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Events

Events

<> Drell-Yan + QCD

b

0 300
Mee (GeV)

351
3of
25f
zof
15f

10F

Mee (GeV)

DO Run I
Preliminary

w/o track match

with track match

Matched track:

* | %lectron_ (Rrack| <0.02
* Close to vertex (< 1 mm)
- |E/P|<2
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Z —ee from Run Il data (DO)

E/P distribution for events
* within Z peak (75-105 GeV)
* outside Z peak




Di-muon Mass Plots from Run Il (DO)

Taking the 'best' track
for each muon,
applying the correction
to axial tracks

Top two plots require
pT > 15 GeV gtracks

Bottom two plots
require
pT > 2 GeV gtracks

# entries

Di-muon Mass, pT>15, like sign

Di-muon Mass, pT>15, unlike sign
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W —uv Candidate from Run Il (DO)

Central track matched to omtydn JZ,T
Transverse Mass = 78 GeV
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W Mass from v Interactions
NuTev, PRD 88, 091802(2002)

- Measure sin?0,,©-shel) from

o 3 fan—shell) i L
: sin® B = 02277 + 0.0013(stat.) £ 0.0009(syst.
the ratio of neutral and BN e fLrT?Eﬂ:"m? syst.)
charged current interactions — 000022 x (—————
(30GeV)?
My
R g[upﬁ—}yp)f}—gfﬁuh’ — 0, X)) + 000032 = l“{l'{]f’ \,'J
- E tl TE '
(v, N = p=X) = a{g,N = u*X)
R¥ — v R?
T =95 0k

~. M, =80.14+0.08GeV

where

gi = (e§)* +(ef)* )
= %—singﬂw+§sin"ﬂw

o= (G
il
= —gin? B

G
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sinB,, from Forward-Backward Asymmetry

Sin%0 q=(1+AK)sinG,
LEP Experiments:

- AR%'=0.0171+0.0010 from
total of 1.7M events

. 5in204=0.23099+0.00053
- A%P=0.0990+0.0017

. 5in204=0.23226+0.00031
- A%=0.0685+0.0034

. sin20,,=0.23272+0.00079

First measurement by CDF at
Tevatron

CDF: PRL 77, 2616(1996)

75<M,.<105GeV/c? from

5463 ete~ events in 110pb-!
- AFB:O.43'|_'O]O fOI’

M..>105GeV/c?

With 10fb-!, DO and CDF will
each have 1M ete +putu-
events.

- Competitive to LEP
measurements
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do/dM and Ag; from CDF Run | Analysis
PRL 87,131802 (2001)

Forward-Backward Charge Asymmetry, App + __
[ £ dt = 108 pb~! da%_%;

T T T T T T T T T T T , 'M . M .

i PPbar —> 7*/7Z + X 1 A}B = ! - =
L+ 1992-1995 Data v* /7 —> ee | do do O
1.0~ — SM prediction M(ee) > 40 GeV/c? m giﬁ + %7 ]
| (NLO QCD with MRST) | dMl. dMl. ]

- Good agreement with SM

; |« The highest bin (4 events -

300<M_.<600GeV) is 2.20
below the SM prediction

A .
(probability of 2.5%)
| | | O |
50 70 100 200 300 500 700 1000 . Negat|ve asymmetry in thIS
M(ee), GeV/c” region could result from new
Solid line is NLO QCD calculation with MRST (NLO) interactions

PDFs
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do/dM and Ag; from CDF Run | Analysis
PRL 87,131802 (2001)

Differential Cross Section, dalM -Compare to Standard Model

I o Jede=10spp 1 Drell-Yan predictions and
02 L ppbar > %z + x 1 search for evidence of new
& 7/Z—>ee | jnteractions
@) M(ee) > 40 GeV/c
>~ -
E 109 | . - additional gauge bosons
> . - quark-lepton compositeness
F5107° 1 . .
. - exchange of R-parity
S + 1992-1995 Data S ‘ violating SUSY particles
E 10~4 - — SM prediction — —
- (NNLO QCD with MRST99) . |ept0qual’ks
10*6 | I O S O I | | | [ | . extra dimenSionS
50 70 100 200 300 500 700 1000

M(ee), GeV/c?

Solid line is NNLO QCD calculation with MRST99
(NLO) PDFs, scaled up by a factor 1.11.

- Good agreement with SM
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Direct Measurement of W Width

- Indirect measurement uses . 10% 0 Prel
. 0 £
cross section measurements o P f?ﬁﬁ”@ﬁ
and theoretical inputs. Yol B
. olpp— W+ X) x BIW — ev) E Blue down triangle — W width=2.6Ge
alpp— £4 X B2 — ee) 0l
ow Uz Dwon g
.-E —

0z rz-u: 1qr.r

- Direct Measurement avoids i
using theoretical inputs. i

sensitive to ' (W) and can be 40 60 80 100 120 140 160 180 200
used to extract I' (W). " Me.)Gev
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Direct Measurement of W Width

DO direct (W) = 2.231 +0.145
_o.13g (stat) = 0.092 (syst)
GeV

> 104 —

I F DO Preliminary

o L

E 10 3L Blue — Monte Carlo

g E Red — data

i r Green — background
0%k

10 £ .
1[
:\\‘\\\‘\ ‘\\\‘\

L1 L1 ‘ Ll ‘ I
40 60 80 100 20 140 160 180 200
Mi(e,v)GeV

MT

Run lla with 2fb-1, each
experiment can make a

~40MeV width measurement.

Standard Model Prediction —

DO . ¢ Iy=223110.173
CDF . e Iy =2.050+0.130
Hadron Collider Avg ® I'y=21151£0.105
LEP2 Avg ® Iy =2.150+0.091
World Avg ° Iy =213510.069

| | 1 ‘ | ‘ | ‘ | | ‘ | | |
1.6 1.8 2 2.2 24 2.6

2
I, (GeV/c?)
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Triple Gauge Boson Couplings

Direct consequence of the
non-Abelian SU(2)xU(1)

Measurements of the

couplings - crucial direct test

of SM

Deviations from SM - Signal
for new physics

In Run I, Wy, WW —dileptons,
WW/WZ _lepton+jets, and
WZ _trileptons were studied.

Combined fit of all available
results provides the strictest
limits on couplings from
Tevatron.

Expected improvements on
limits from Run Il will be
proportional to ( Ldt)!/4
without improvements in
analysis technique.

- With 15fb-1, a factor of 3.5
improvement expected.
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Limits on Triple Gauge Couplings
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+0.058
— 0.396 '00056

+0.025
= -00023 ‘G-Ms
+0.023
=0.990 *002



Limits on Triple Gauge Couplings

DO Run | Limits LEP Limits:
with ~100pb-': A,=-0.023+0-025 ;.
A,=0.00 10.10 K,=0.896+0:058 .

Ax,=-0.0810.34

LEP limits are 4 to 6 times tighter than DO Run | limits.

With 15fb-1!, DO limits should improve by a factor of 3.5.
Combining with CDF should make Tevatron limits competitive

with LEP.

This assumes there will be no improvements in technique.
But ...

Planck 02: T. Yasuda, Fermilab



Wy Radiation Zero

Destructive interference
between S- and t-channel
production diagrams casues
amplitude zero iny-lepton
angular distribution (SM)

If WWy couplings are
different from SM values, the
gap is filled.

With 2fb-1, 1500 events in
each of ewy and pvy channel

with 15fb-1, T1000 events
each.

Planck 02: T. Yasuda, Fermilab

Generator level MC for the
Radiation Amplitude Zero
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oy as a luminosity monitor

The uncertainty on the
integrated luminosity in Run
| was 4.5% for both DO and

Estimated uncertainties on
luminosity in Run II:

CDF. Component | Uncertainty
Normalized to the total faco 1.5%
inelastic cross section. € 0.9 %

- DO: world average A 0.5%

- CDF: own measurement Ncand 0.08 %
With1M W —ev in Run lla with Nz 0.0 %
2 fb-1, g, can be used for AJA 0.0 %
normalization of integrated Ow 4 %
luminosity.
gdﬂtﬁrﬁctions/crossing In . With improvements in g,

3~4 % uncertainty possible.
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Concluding Remarks

Tevatron Run Il has started, with ~30pb-! delivered to
each experiment so far.

Shake down of the upgraded detectors in full swing.
300pb-! will be delivered in 2002.

- With 2fb-' from Run lla, M,,=30MeV/c? and dM,=2GeV/c?
are possible.

Many interesting measurements are in horizon.
Stay tuned.

Planck 02: T. Yasuda, Fermilab
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