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Fermilab Tevatron Upgrade
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> New Main Injector: L e T
* Improve p-bar production R -

> Recyclerring:
* Reuse p-bars




Tevatron Upgrade Goals
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Electroweak Physics Program

> Run 1: Top discovery, precise M, I'y,, and more

» Run 2: High statistics, precision W physics, precision top
quark measurements, rare processes

Event yields in per experiment

Sample Runl | Run lla
W=ty 77k 2300k
/U 10k 202k
WV (w-ev, v=w,y.2) | 90 1800
Run | 105 pb- ZV -t v-wyz) | 30 | 500

Run lla: 2o tt (mass sample, >1 b-tag) | 20 800




Precision W Physics

» The Tevatron will make
a W mass measurement
comparable to or better W-Boson Mass [GeV]
than that of LEP

pp-colliders —e—  80.454 + 0.059

» Run 2 combined CDF
and DO prospects for

2 (10) fb-': Average 80.450 + 0.034
° My, = 30 (20) MeV/c? L/DoF 00
o SFW ~ 40 MeV (direcf) NuTeV ——h—— 80.136 + 0.084

LEP1/8LD —A— 80.373 + 0.033
» Searches for rare

decay processes: LEP1/SLD/m, -4 80.380 + 0.023
°Won+y D +y, ... 80 80.2 80.4 80.6
*~250 million W bosons m,, [GeV]

in 10 fb-! of data



W Mass Measurement

CDF/D0 Combined From Run |

Statistics: 40 MeV
Systematics: CDF: 80.433 £ 0.079 GeV

scale: 40 MeV * DO0: 80.483 + 0.084 GeV
recoil: 20 Mev * Comb: 80.456 + 0.059 GeV

modeling: 15 MeV )

other:15 MeV *
Sys Total: 38 MeV

+ largely statistical in nature
* correlated among expts

= Run Il projections assume detectors will perform similarly
to Run |, so that the mass uncertainty scales with statistics

=> How will missing E; resolution scale with inst. luminosity?



Improved Tools for
Precision Measurements

» CDF:

* 8 layers of silicon

> DO:

*4 layers + disks of silicon

* New drift chamber (COT) * New fiber tracker (CFT)
* Extended lepton-ID: |n|>1 *Solenoid (2 Tesla)
* Displaced track trigger * Extended lepton-ID: |n | >1




Momentum Scale/Resolution

Assuming “nominal” positioning:

- y?/ndf=4.6/13
Mean =88.9+ 1.4

Sigma=11.6+ 1.5
Bkgd =2.8+ 0.7
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DO Run Il Preliminary

1 mean = 3.071 +0.003 GeV
G =0.088 + 0.003 GeV
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D0O’s New Central Fiber Tracker (CFT):
*2 Tesla field, 8 axial/stereo layers each
» Expect high tracking efficiencies
e Alignment underway




Calibrations Using Low P+ muons
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Events/4 GeV

Events/4 GeV

Energy Scales in Run 2

Central Dielectron Mass

DO Run Il Preliminary

oF- > 100
: CDF Run II Preliminary S - | Number of Entries: 604

60" ., @ gol_ | Peak Mass: 90.8 +- 0.2 GeV

50 _[L“'l" pb E - | Width: 3.6 +- 0.2 GeV
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Mass/GeV
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Central Plug Dielectron Mass Di-Electron Mass (GeV)

1201
1ok *D0: central + forward electrons

o with only partial corrections.

: Resolution will meet expectations.

- B Bockarond * CDF: central & fwd electrons with

L + background N o o

: dominant corrections included.

60 80 100 120 140 160 180 200 resolution as expected.
Mass/GeV




CDF W Cross Section Analysis

W-oev cross section: - 500 Transverse Mass
Q E CDFRunll « Data
Number Of andlda‘l'es: 34502— Preliminary (5547_WE;I§;‘((:;;dTates}
° 5547 in ‘IO pb-‘| 2400;_.[L~10pb'1 + _/ Signal Prediction
©»n350- March - i i e
Bquground (8%): §300§—‘]”“e 2002 y = gcn BkgMC

(from data)

eQCD: 260 +34+78 "'"250§
el >ee:54+2+3 200

Ti;f;;/“
//;//// /%//

. 150 W V7
Wotv: 956 +6+1 100l ;///%4/;/?;?//////;
- i ‘-
sof //////////////f////
Missing Transverse Energy 0§ ”/ Z '_ Z /j/é //// 7 e
> g0ok = e its . I
8 - CDF Runll « Data 40 50 60 70 80 90 100 110
o 700 Preliminary (5547 W —s e v Candidates) o‘\\ T (GeV)
s - — AllBkgs + ,(({\(‘
26000 Signal Prediction e\\
£ : Cut A
= u « W evMC \\}
2 500 % " QC_D> ;kg (from Data) OQ Q‘\)
“ 400 C
300
200 : _[ L~10pb’'
100 ] March -
e e 2002

20 30 40 50 60 70 80
E/ (GeV)



500

CDF W—puv Cross Section

entries per 3 GeV
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CDF Run 11 Number of Candidates:

16 pb” ! * 4561in 16 pb-
| preliminary Background (12.5%) :
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CDF Measurement of Ru and I'(W)

_ o(pp->W) I'(Z) I(W—tv)  NyEA, >Measure Ny &,A, / N;EwAy
¢~ =
o(pp—I) T(Z—¢) T(W)  N:EwAy »Use LEP I'(Z)/T(Z>ee)

»Use PQCD and SM EWK
» Extract I'(W)
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W —ev at Dzero

Number of Candidates: ; Do e Bl
*N, =3493 £ 75, = 357 * I,
Background:
oNiOf — N + NQCD
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Signal = 2849+ 53 (stat.)
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Measurement of R, and I'(W) at DO

o(pp—W) I'(Z) T(W—tv) s(W—tv) »Measure g(W>ev) / o(Z>ee)
= >Use LEP I'(Z)/T(Z>ee)

(4

s(pp—I) T(Z>e) T(W)  o(Z-t)

> Use PQCD and SM EWK
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EWK Physics To Come
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I work with Qoo 60.. I'm
| au»\qvk'» getting all
goosebumpy.

© 1995 Los Angeles Times Syndicate

When Trish discovers Ned works exclﬁsively with
top quarks, she will be putty in his hands.

Top physics is one of the more sexy things to study
at the Tevatron..




Top Physics at the Tevatron

> Discovery in 1995

CDF+D0 combined:
my=174.3+ 5.1 GeV/c?
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Top Quark Understanding

5\/ »>Top pairs: o(it) ~ 8 pb
- - *W helicity in top events
A ::"W- *t-tbar spin correlations
~— ¢ *Top P;
t * QCD tests
P . * . = *Top Drell-Yan via do/dM of tt
JA ¢ . I, q * New physics in X— {t
’ ? """"" < * Anomalous couplings,
m o o0 new particles
[Branching ratios] .
SM [CKNI matrix eiementlvmﬂ >Slngle 'I'Op: cS(Illb) ~ 3 pb

[Hare decays ] ° | th |
(7670, t->WZb, . * QCD tests

New Physics ?

stk el *New physics?




Toward a Top Dilepton Cross-Section

(CDF and Dzero both expect
o measure the t-tbar cross
section in the dilepton channel

dor winter conferences (March}

M, = 118 GeV/c? and H; = 255 GeV o
CDF Run 2 Preliminary




Dzero W—pv + jets Candidate

Run 146556 Event 10284780 Wed May 15 07:22:29 2002 Run 146556 Event 10284780 Wed May 15 07:22:29 2002

ET scale: 7 GeV

ET GeV

Dzero Run 2 Preliminary



Lepton+Jets Cross Section

Comparison with pQCD predictions

10

Separating Top from background:
*Tagging b-jets
—Displaced vertices
—Soft lepton tagging (SLT)

c (tthar )/ pb

8
7
6
—Jet Probabilities 5
* Fitting to kinematical distributions using 4~ ""'*7171‘.iii-?-‘:3?7t7;?t:;;§.%
3 T
2
1
0

likelihood or neural network techniques

------- Berger / Contopa.
- Catani stal. m  CDF combined
o |[Feeesas Laenen et al. e D0 combined
2 [ ; ; I IR AN ANRTRTITN ATAPRT RPN SRR
:>: 3‘ K 155 160 165 170 175 180 185 190 195
10 N ; nPl<2 m,,, / GeV
- @ EF15 GeV
102:_ E?‘>2l:l GeV
g - | A EF25 f;ev
1 ) stat. errors \"\ :
1 Mg Both CDF and DO plan to
D@ Run 2 Preliminary \ present (+jets cross-section
T T s 4 2Njets measurements in March

DO W—ev + jets candidates



New ME/MC Generators

New tools have become available
to generate background samples
for top physics, including W+N
partons and W+heavy flavor +

N parions.

£

(from matrix element)

T

g, (from matrix element)

g,
YEISUSs
g2
q
(from shower evolution)
‘_l £, (from matrix element)

NJets for W->lv Events

10°

Events/Cross Section

=Wa4+1p
....W+2p
W+3p
—W+4p
—ttbar

CDF Sim:
AlpGen

o

1 2 3

5 6 7
NJets Per Event

» AlpGen, MadGraph, CompHep,
GRAPPA, and MCFM are being
studied and compared.

> Focusing on AlpGen: How to
combine W+Np samples without
double counting? What parton

level cuts should be used?

(M.L. Mangano, S. Tsuno, K. Ellis, J. Campbell,
S. Mrennaq, T. Stelzer, L. Dudko)




b-tagging in Run 2

Inclusive B lifetime from J/¥ Tagging via Impact Parameter

CDF Run 2 Preliminary i Jet Direction ,/‘Jet Direction
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Significance = dca/s
D@ Run 2 Preliminary

5 High-p; _ muon sample

4 associated w/ jet
(dR < 0.7)

p>1.5GeV

& Same cuts

Enhanced in
b-jet Content

5 0 5 10 15
Significance = dcals



Measuring the Top Mass

1000 |
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CDFRun 1
simulation

200+

100 150 200 250 300 350
Reconstructed Mass (GeV/cz)

Source Value (GeV/c?)

Jet Energy Scale 4.4
Initial State Rad. 1.3
Final State Rad. 2.2
Bckg Spectrum 1.3
b-tag bias 0.4
PDF 0.3
MC Generator 0.1
Total 5.3




New Run 1 Analysis of M

top

Method similar to Dalitz, et. al., and dilepton M,
measurement by DO - PRD 60 52001 (1999).

For each event, S & B probabilities are added, then
multiplied by the other event probabilities.
* Probability is calculated using the matrix element for production/decay

* Each event has its own probability distribution

* The probability depends on (almost) all measured kinematical quantities
® Each event’s contribution depends on how well it is measured
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Compare DO Run 1:

M=174.0 £5.6 + 5.5 GeV

Improved stat. error equivalent to ~2.4 fimes # events.



EWSB Constraints
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> M,,: CDF @ DY
* oy~ 30MeV (2fb)
® oy ~20 MeV (10 fb")
> M;: CDF or DY
* oy< 4GeV (2fb)
* ou< 2GeV (10fb)

With only 2 fb-! we may find a contradiction with
the Standard Model Higgs direct search limit




V+A in the Top Sector

oot e SM V-A Theory:
W helicity and |, ™ / )V+A 30% F

M?,, distributions w 70%  F

/" |<0.04% F, (M)
V-A

-1 Left handed F (cos¥’)~(1-cos¥")?2

Hy =T ./P\ 0 Longitudinal F,(cos ¥*) ~(1 - cos W*ﬁ) /\

+1 Right handed F,(cos W*) ~(1 +cos W*) 2

top decay

| | |
% 5000 10000 15000 20000

CDF Run 2 Preliminary M2
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Sensitivity to V+A In Top

Results of SVX single b-tagged sample
5r

n—n i +0.692
‘Mlnlmum. 1917 s |

. -T2
4.5 = 100
r 'IJ gh
4__ e 4 6

L 2 4

N ™ 2
3.5 ' o

S . dat;fra-ction of V+A
25} e,
2 - g
o ash J_L—I_L
4 T e
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. ’ \{ TN
(0 % rlght-handed W s) OO 00 50|00 10t|)00 15t|)00 20(|)00 25(|)00 30000
1: corres_ponds to all V+A M2, [GeVAZ]
(30% right-handed W’s)
\_ "/ | Luminosity Stat Error | Syst Error
109 pb-! (run I) 0.59 0.21
Run 2 Expected [5y5 0 0.19
sensitivity: 1000 pb-! 0.14
Ben Kilminster 2000 pb-! 0.10 0.11 (2000 pb)




Search for Single Top

( CDF and DO have performed\ Electroweak Witb Vertex
searches for s and t channels
separately in Run 1. \fv;h;‘:sr]jL LU sz‘;’,f,ff,ﬁ'j',

*CDF has also searched for

combined process:
\G(f) <14 pb at 95% C.L. Y

H, for Events in W+1,2,3 Jet Bins (CDF Run 1 Data)

. 244+012pb 0.88+0.12pb  ©<0.1pb

Mean 182.9

L Steltzer, et al. ‘98 Smith/Willenbrock ‘96 Tait ‘99
Monte Carlo predictions
____ QCD background

ttbar background
____ single top signal
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Search for t-tbar Resonances

D& PRELIMINARY

[ R B RS RERE, T o LN o RN = Y ]

400 500 600 700 800
m(tt) (GeV/c)

Wiiets (78%)
+
Multijets (22%)

400 500 600
m(tt) (GeV/c?)

700 800

SM tt )
(M, =175 GeV/c®)

400 500 600 700 800
m(tt) (GeV/c")

Xt
(M = 600 GeV/c?)

L ‘.'"'i':.

400 500 600

m(tt) (GeV/c?)

700 800

Investigate models that
dynamically break EW

symmetry, such as topcolor-
assisted technicolor

O Leptophobic topcolor X
with I = 0.012M(X)

=
o
L

o(X) x B(X - tt) (pb)

* DO095% C.L. upper limits
for I =0.012M(X)

[EY
1

0 N
400 450 500 550 600 650 700 750 800 850
M(X) (GeV/cd)

Exclude a narrow, leptophobic
X boson with my < 560 GeV/c?2




Anomalies in the Top Sample?
CDF Run 1 Trilepton Event

180 GeV

e found in ET electron
dilepton sample

e electronin
crack called jet!

*180 GeV E;
electron!

*110 GeV
missing E;!

110 GeV
missing ET



W + 2Jet Excess?

Composition of the W + jet sample
with SECVTX tags

CDF preliminary

data
JLdt=1051+40pb"

0; =5.1+15 pb

top
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Summary
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Weekly Integrated Luminosity {nb™)

Run 2 Luminosity Delivered

Collider Run llA Integrated Luminosity
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