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Tevatron upgrades/status

Collider Run IIA Peak Luminosity

 Run 2 upgrades — new
physics opportunities:

rage

— Peak luminosity (goal):
2x1031 — 2-4x1032 cm~?s Froeo s

— more events
— Energy: 1.8 — 1.96 TeV ETTL _
— Iarger Cross SeCtionS |APeakLum\noswoP:akLquDXAverage|

Y Tevatro N h as d e I Ive re d Collider Run IIA Integrated Luminosity
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~220 pb1, experiments o o
analyzing ~<100 pb. f =l
* “Run 2a” goal: 2 fb, I é
20x Run-1 integrated § T o
luminosity Q= 11 i
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DO and CDF experiments
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N:EW SD]EI:‘ID.ld, Tracking System | | , | o ¢ | 1 1 @ 4 1 a1 Silicon Vertex Detector
S.l, SCI.FI,PI‘ES].‘[DWEI’S a = el Intermediate Silicon

*New tracking: silicon and *New bigger silicon,

fibers in magnetic field new drift chamber

*Upgraded muon system *Upgraded calorimeter, u, new TOF
‘Upgraded DAQ/trigger Upgraded DAQ/trigger,

(displaced track soon) esp. displaced-track trigger
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Resonance reconstruction

DO Runll Preliminary

Both experiments have quality
charged-particle tracking!
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Why care about charm?

« Study CKM angles,

CP asymmetries,
production mechanisms

* Huge cross sections:
large yields in CKM-
suppressed modes,
access to rare decays

» Control samples for B CLEO-c has charm!
physics: testbed for

analyses, particle ID CDF/DO have charm?!?

FOCUS has charm!

BaBar has charm!

Belle has charm!
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CDF: Charm masses, production

CDF Run Il Preliminary

First CDF paper submission! ' e Dam i o e 3
O - CDF Run Il Preliminary 10" E
2 350F D°, D 07, 05KK :
2 "7 "F Unbinned likelinood fit projected

do/dp.(lyl<0.6) . Br(J/y—puu) nb/(GeVic)

p+(Jy) GeV/ic

CDF Run Il Preliminary 5.7pb"
DKt f,=86.6:0.4+3.5%
10° LP;25.5GeV/c

na

0: L A R
1.80 1.85 1.90 195 2.00 %.05
KKTC maSS [GeV/C ] 004 002 Dacimpam%:imete??fm]
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CDF D%—pup search

*SM expectation ~ 10-13,
RPV SUSY ~ 10

-Best limit: <4.1x10¢ (90% CL)

*Events from all-hadronic trigger

*Normalize to D%—nr
‘Use D*-tagged D°

*Backgrounds: 0.22+0.02 fakes,

1.51£0.7 combinatoric
*No events in signal region

*CDF limit: <2.4x10° (90% CL)

*Can extend to D%—ee,eu and

D*—nup
*Experience for B.—uu
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CDF Run Il Preliminary

II’I Normalization mode:
1371 + 53 D9 >

in the mass search window
JL dt — 68opb™
C MU fiducial

kl"IIL

]LmlllL]_m] 1 I L
L e ! ot TRV )
18 1.85 1.9 1.95
M, (GeV)

CDF Run Il Preliminary

o]

D°—nptu Search

0 events in the =2¢ search window

PHENO 2003

1.8 1.85 1.9 1.95
M, (GeV)



CDF D® CP asymmetries — new!

CDF Runll Preliminary 65+4 pb™

-Large cross section, trigger yield N;lfjgzzt_ D=Dinofrnln  Npo = 36971 69
large number of D%—nr, DO—KK .?gmoi_'
—measure ratio of BR’s. o3
*Requiring D**—D%* identifies 1000
flavor—-measure CP asymmetry! cool
400

Acp(DO—nm) = (2.021.7(Stat)£0.6(SYS))% gy

76 1.78 1.8 182 1.84 1.86 1.88 19 192

Acp(DO—KK) = (3.0+1.9(stat)+0.6(sys))% = Mass [Gavic]
*Current PDG: ";.,‘i Cgfj;:;f[r::;nary 65 +4 pb™’
Acp(DO—nm) = (0.5£1.6)% i

Acp(DO—KK) = (2.1£2.6)%

1500}

1000,

«Competitive, statistics-limited!

500}

MRS R R T T I R R R
9.75 1.8 1.85 1.9 1.9;
KK Mass [GeV/c']
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Why care about bottom?

* B, B, provide proof of
principle, calibration:
— Measure CKM angles
— Rare decay

. « B,, B, A, are unique to
WT Tﬂaﬂ) hadron colliders:
B~D.K B,~ J/VK — Explore properties
BOTTOM, STRANGE MESONS — Test SU(3) flavor symmetry
(B==+1,5=+1) — Rare decays
Bg = sb, Eg =5b, aimilarly for B}'s .
— Access to |V,| via By

& 05 = 007y mixing — short-term goal!
;’r:;’i(:i:r:_d confirmation. Quantum numbers shown are quark-model ° Reconstru Ct flnal StateS

Mass mgo = 53696 £ 2.4 MeV

Mean life = = (1.461 % 0.057) x 1012 4
er =438 um

 Measure decay time
* |dentify flavor
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DO/CDF B,,B, decays with J/y

DO Runll Preliminary

150 |

s B' - JiyK*

| 1 N = 500+ 35
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I 6 = 0.043 + 0.003 GeV/c?
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Candidates per 5 MeV/c

DO Runll Preliminary

B, - Jiy K'(892)°

N= 190 + 24

M = 5.264 + 0.004 GeV/c®
& = 0.037 + 0.004 GeV/c?

45 pb1

i

Jk+3+'++-|_+ o,

T I TR Y :5:5 5
M{Jhy K"’)Gewn
CDF Run Il Preliminary, L=70pb’
o B 5 Jy K
i 220£20 signal
sf candidates
i L,,>100um
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af
f0f
GH + L+ | | | 41
5.20 525 530 5.3 540

B® Candidate Mass, GeV/c 2
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Events/10 MeVie

DO Runll Preliminary

B, —»Jiy K2

N= 65+12

M= 5.272 + 0.003 GeV/c?
o = 0.016 + 0.003 GeV/ic?

45 pb1

* .
i “’W
5.1 5.2 53
M{.l.runbeev.rc
CDF Run Il Preliminary, L = 65 pb'f
140 — T
B — Jhy Ks”

1201~ 220 + 18 signal candidates .

100

&0 -

40—

T

RARE
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Hhipte gt
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B® Candidate Mass l’Ge‘i".r‘r")



CDF other B ,B, decays

Find B decays in all-hadronic trigger samples — PID for B—hh soon

| 65 + 4 pb’ April 3rd 2003 CDF Run 2 PRELIMINARY |

Events per 30 MeV/c’

450

L=}
[=]
o

250

200

150

100

a0

0

L =65+4pb”
sk &

++ CDF Run 2 Preliminary

B B —> h'h” 7
[ 301+27 signol events |
Mean 5.24140.004 GeV/c’ |
Width 0.04140.004 GeV/c?

#
)
++++
[ .
R ® ]

.
£

‘e
SIS EPTETEN APErErE BECErE ST STEE AEr AAEE A A
42 44 46 48 5 52 b4 BHE6 5.8 6

ni Mass (CeV/c”)

Also have signals for semileptonic decay modes

£ o )
% Bd—> D_ ?E*+
= ., DK ©mw
2 M _I, and c.c
£ Ty
- 0
s I iy .
- b It 11
150 — b
- } S
1cm:— {_
- D Yield: 505 + 44 events f "” g
saf - Uncorr. Mean: 5.267 + 0.002 GeV 113
N Sigma: 23+ 2 MeV
0-[ I 1 1 1 I 1 1 1 I I 1 1 I
4.6 4.8 5 52 5.4 BB
Candidate Mass (GeV)
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DO/CDF B, A, decays to J/y

DO Runll Preliminary D@ Run Il Preliminary

B : #Sig.=18.2+5.5
45 pb- M=5620+17 MeV

-
(=]

B, > Jyo
N=62+12

M = 5.360 + 0.005 GeV/c?
o = 0.028 + 0.005 GeV/c?

45 pb1

c =51+13 MeV

Events /50 MeV

5.8
M(JAy &) GeV/ic?

o CDF Run Il Preliminary, L=70pb" CDF Run Il Preliminary, L=25pb’
o 22 B, — Jyo & 1o A, — Jy A
> LoF 74411 signal = r 2747 signal
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18— |t e .
[Ie] - T L
T 16 L. > 100um = 1o
8 F $ T
o e @ 1of-
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CDF other B, A, decays

D.m is a golden mode for B, mixing! [___CDF Run 2 PRELIMINARY 65pb’ |
-
| 65 + 4 pb’ April 3rd 2003 CDF Run 2 PRELIMINARY | &0 Ay > Agm .
= F o [ A,—op Knx
£ E " D. Yield: 44 + 11 events b
g 40 ] E5_> D5 T Uncorr. Mean: 5361 £ 5 MeV % K
= r D.—orm Sigma: 20 + 4 MeV §40
g " 0 — KK g T
8 g
: .
g I J[ J[ 3%
O 51—
zoi— B, ' i
C ] ! 20—
15— \ . i
C I L
10— -} -
= * . 10__ Normallzed B° reflection based an MC study
5:_ D5 D5 “}‘u]_ " - -\\ﬁ -
a:l 1 I 1 1 1 | 1 1 I| I 1 1 I| | 1 1 1 '{.I 1 1 1 : | |
4.6 4.8 5 52 54 56 58 1Ll
82 53 54 55 56 57 58

Candidate Mass (GeV) (p'K't'n’) Mass (Gev)
P T S5 eV

f, Br(B, >D.m)
f, Br(B, »>D*m) Also have signals for

0.42:+0.11(stat) t0.11(BR)SE (sys) oo oh 0N Aecay modes
s “*b
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DO/CDF lifetimes with J/vy

Inclusive B Lifetime |

L% % 1 . :i:t:band CDF Run 2 Preliminary A If t f
% o ?45 pb M 103 :1 2 pb_1 Signal Region Events Ve rage I e Ime O
U>J = -

b hadrons, use J/vy
decay length as

T eeeenan | gpproximation,

i correct with MC.

10 Ag = 468 + 7(stat) * 22(syst) pr

m

DO Run I Preliminary

Candidates / 12.5 um
o
I

—

02 -01 00 01 02 03

J/y ct [em]
v me CDF Run Il Preliminary L=70 pb" ] ]

: :__B L"j,l p— o e [ ooy . o Lifetime of B+,
3.:? "E “ w:mm e Em’z— P Dexsio using complete
SR R g . .ﬁiﬁii reconstruction

/ % ? Fit prob: 13% Of the meson
- decay length.

1 — ‘-’ TE
ol
L 01 0.0 02 03

=0.05
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DO/CDF lifetimes with J/vy

CDF Run Il Preliminary L=70pb’ CDF Run Il Preliminary L=70pb’
E F B - J/y K® ~e-data g. E Bs = Jiv o --data
3wl Oentsio) B 4ol (exsig)
a | c1(Bkgy) :% ct(Bkg)
% _mz;g .CT(BKQL) % Fit prob: 97%
1 | Wiy
PDG CDF DO
T, (ps) | 1.564 £0.014 | 1.53 +0.03 +0.04 | 1.56 + 0.02 +£ 0.07
ta, (pS) | 1.674 £ 0.018 | 1.57£0.07 £ 0.02 | 1.76 + 0.24 (stat)
Tgq (PS) | 1.542 £ 0.016 | 1.42 + 0.07 £ 0.02
Tg (PS) | 1.461 £0.057 | 1.26 +£ 0.20 + 0.02
T, /Teq | 1.083 £ 0.017 1.11 £ 0.09
totay | 0.947 £0.038 | 0.89+0.15
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DO flavor tagging

. Nright T Nwrong
B+ Nright + Nwrong T Nnotag
Kt D= Nright o Nwrong
H Nright + Nwrong

Significance of mixing measurement
goes as tagging power gD?

Muon Jet
o)
|dentify flavor of B with: e (o) 8.2£1.9 95.1¢4.1
*Muon charge D (%) | 63.9£30.1 | 21.0£10.6
Jet charge
eD? (%) | 3.3%1.8 | 24417
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Why care about top?

80.6 T————————————
1 —LEP1, SLD Data
Top Width [ anomatous
Top Spin W*/ C'ou,://n_qs' 80 5 el
o e J CP violation _ |
Res‘onan{:e ~> _
production p \ v 8 ] CDF/DO /
it B N b = 80.41 2 fp-1 ]
: W 17X _% = ]
Top Spin B N, & gOa”
Polarization P t q 1 i
P < 80.3-
Rare/non SM Decays W- T .
Branc/;kﬁ\ ?1’ rT‘IH [Ge ' . :
o 80 2 114 :.30- 000/ IPIrelllmllnalry
130 150 170 190 210
m, [GeV]
Quantum numbers? Relation to other particles?
Production properties? Is it special?
Decay properties? Clues to new physics?
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SM top-physics overview

Top-antitop pair production Oe-e(1/81)

via strong interaction: B mu-mu (1/81)

B tau-tau (1/81)
He -mu (2/81)
He -tau(2/81)

B mu-tau (2/81)

He+jets (12/81)

g t
W mu+jets(12/81)
) B tau+jets(12/81)

t O jets (36/81)

EW single-top production tf 5 (vblb = dilepton (5%)
x2 smaller rate, not seen.

tt - /vbggb = lepton + jets (44%)
B(t—Wb) = 100%, label
decays by W modes Theory prediction: o, = 6.7*98 , 4, pb
@ 1.96 TeV (Cacciati et al.)
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Dilepton mode

*Clean, low background »
Small rate, two neutrinos Z /

b
*Two isolated high-p- leptons (e,u) //
-Large missing Z-
At least two jets
sLarge total energy
*Backgrounds from Z/y — I,
WW/WZ, lepton fakes, QCD

*CDF: Veto Z-mass window for ee,up; JZT separated from |, jets
+DO: Raise F; cut in Z window

K. Bloom PHENO 2003



DO/CDF Run Il dilepton results

DO Run Il preliminary: CDF Run Il preliminary:
4 ee, 2 uu, 1 eu observed 1ee, 1 uu, 3 eu observed
1.7%0.5 background, 33-48 pb 0.3%£0.1 background, 79 pb-'
—3.5 -
2 MC tt
£ eu+jets E 3:_ ® Data ee
o L 9 - M Data pp
;"-2_5'_ * Data ep
107 -_%— E
2_
e = e e = H;?; I'GE'?,?D I_
1.5 ° ¥
1 - X
B eutjets | B
@ Instrumental Bg ; 0.5 :‘ .-
L O Physms“ Bg B " m ‘
%E@f"m“"“ % a0 a0 s so ioo ize iao
) : E, (GeV)
T T T T 7 eieedemeeen 7 | g(t4) = 13,2 + 5.9(stat) +1.5(sys) +0.8(lum) pb

o(tt) =29.9:2? (stat)!*'(sys)+ 3.0(lum) pb
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Lepton plus jets mode

Larger rate than dileptons,
straightforward kinematics,
substantial backgrounds:

*\W+jets production B

*QCD multijets 1

*Detector fakes, dibosons TS~

O i I p_ b 122 = ‘\\

One isolated high-p; lepton (e,p) _ Iﬂ\‘ S y
ISSi It ~ ~ e

-Large missing Z- A \\\:\ - \j

At least three jets
*Not a dilepton event

I W
I\

DO: Require four jets and kinematics, or soft-lepton b tag
CDF: Require displaced-vertex b tag
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DO Run |l lepton plus jets results

-Select W sample (lepton+E),
no soft-lepton b tags.

*Apply topological cuts:
H, aplanarity
*Count four-jet events

Evaluate QCD backgrounds
from data in each N, bin I
Evaluate W+jets backgrounds in
four-jet events via Berends scaling -
SR e e s
N
Jets
Nw Nacp All BG Nobs

etjets 1.3120.5 1.410.4 2.7+0.6 4

utjets 2.1+0.9 0.6+0.4 2.7+1.1 4
PHENO 2003
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DO Run |l lepton plus jets results

Enhance S/B with soft-lepton tagging,

include three-jet events.

Similar preselection, looser H-,

A" BG Nobs
etjets 0.2+0.1 2
utjets 0.7£0.4 0

aplanarity requirements

o

R

n
I

j-i.

*y
w7
| I

e+jets

v
.
'l NPT I

K. Bloom

SO IOO ISO 200 250 300 350 400

H (GeV
(&4

Lepton plus jets analyses (40-49.5 pb':)
o(tt) = 5.8 (stat) > (sys)+0.6(lum) pb
(preliminary)

Combined DO top cross section

o(tt) =8.57 7 (stat)’y: (sys)+0.8(lumi) pb

(preliminary)
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CDF Run Il lepton

plus jets results

Require at least one jet
w/displaced-vertex tag,
Etag = (49 £ 5)% for tt.

Account for all non-top
SM processes:

*Mistags from “negative”
tag rate in data

*Non-W from data
*Dibosons, single-top
from MC.

*W+heavy flavor from

MC fractions, b-tag efficiency,

normalized to # of W in data.

K. Bloom

CDF 1l preliminary

= ] mistags B

L ] Whbb -
350 ] Wece =

" B rnon-W -
£ 30 O Wc -
S = B WWWZ 72—t -
® 25 [ Singletop —
ﬂ = [] Totbkgd £15 3
g 20 " Data(57.5pb") J
- -
E L e e — —
e E E
= 10— * —
5 + —

U: I I : SOSRR—

1 2 3 =>4

Number of |ets In W+]ets

PHENO 2003

Any excess in 2 3 jets attributed to top!



CDF Run |l lepton plus jets results

CDF Il preliminary
I I

K. Bloom

Background _Z

v Background errors =

Background + tt E

E 30 J W Bkgnd + tterrors —

s = ® Datas75pp’) 3

-§I 25— L —

g 20— IO =

g 151 =

E E =

= 10— =

: PRSRNNRNE

5— —

0 = | | | | i =

1 2 3 >4
Number ot |ets In W+jets
W+1jet W+2jets W+3jets | W+>4jets
Events before tagging 4913 768 99 26
Events after tagging 31 26 7 8

Background 33.845.0 16.4+2.4 | 2.88+0.05 | 0.87+0.2
SM Bkgnd + ft 34.0+5.0 | 18.65t2.4 | 7.35t1.4 7.62+2.0

o(tt) = 5.3 +1.9(stat) £+ 0.8(sys) + 0.3(lum) pb (57.5pb™)
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CDF Run Il top mass

CDF Il Preliminary (72 pb ™)

*33 lepton plus 4 jets candidates M., =171.2 + 13.4 + 9.9 GeV/c?
*No b tags required — 24 jet LYy pre—
combinations per event, gjL] cmoas
choose one with minimum y?2 o 3%:::;83:;9@
*Fit to signal, background shapes 35 ;-
8 6:_ rnllnnnllnnii mrshilnanellanne s
*Target jet-energy resolution is o )
3 GeV for Run 2a. T o
0 4-
ol
. N
Source Uncertainty (GeV/c") g
Jet Energy Measurement 9.3 w 2-
Initial and Final State Radiation 2.4 1E % n
Background Shape 0.3 - % |
acton Dhirhion [umctions s ‘0 150 200 250 300 350
onte-Lario senerators .
Total 9.9 Reconstructed Mass (GeV/cz)
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CDF Run Il top mass — b tags

Ng 3 SR B-tagged Event
3T CoFRuN POREEIETE
13_2_5:_ Pre Ilmlnary ............................ Data
il ' _
5 ol | Ldtx 56 b ______ | ] Wob bkgd
*Require at least one tagged jet: L% 2: [L p 7
12 combinations - 175 GeV tt MC + bkgd
‘Better S/B 1.5 S R R
Allow lower-energy 4" jet N / A
11 candidates 1:_ | | ...........................................................
*Work in progress 05_ / /% .......
: e ...

900 120 140 160 180 200 220 240 260 (32%9
e

Reconstructed Top Quark Mass, B-tagged Events
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Summary: charm and bottom

* Charm:
— Detector upgrades give new physics program!
— Results already competitive with world’s best.
— Excellent calibration for B physics.
* Bottom:
— Studies of B, and B give proof of principle.
— Run 2 already reaching Run 1 precision.
— Beginning studies of B, and A,.
— Work underway for mixing measurements.
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Summary: top and beyond

* Top quark is “rediscovered™:

— Benchmark measurements performed,
consistent with expectations.

— Starting precision studies of top properties,
searches for new physics.

« Experiments are performing to expected
capabilities, systematics will still be
Improved, most measurements are
statistics-limited.

« Eagerly awaiting additional data!
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