Tevatron Physics from Now till 2007

Il Workshop Italiano sulla
Fisicadi ATLAS e CMS
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Napoli, Italy

The Tevatron
CDF and DO

Current Run 11 results and
expectations for 2007 ... and beyond

Napoli: October 2004 F. Bedeschi, INFN-Pisa

1/50



2150

Upgraded Tevatron: Run I

FEIEES

‘-—.‘

— . e

-

TEVATRON +'~.._\___RECYCLER \‘u ECM. 8TeV > 1.96 TeV
VoS - TN ») Atbunch 3.5 us 9 396 ns

PROTON _
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New Main Injector
Improve p-bar production

: Main |
Recycler ring: h o -
Improve p-par accumulation
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TeV Luminosity
(current situation)

Peak luminosity
Best > 1.0 x1032 11!

Delivered 680 pb-t

540 pb! on tape ..,
Next data set for analysis - itial - .
~350-450pb? >3-4xRunl _ IEEEINE Instantaneous

2/15/0: 4 411104 o19IU4 o014 114104

Si14/

Collider Run Il Integrated Luminosity

Shutdown In progress
Install electron cooling

FY 2005

I w Continue mixed mode
' [l
R

Proton slip stacking
2535 45 55 B5 75 B85 95 105 115 125 135 145 155 165 175 I +25% p-bar prOdUCtiOn acceptance

Week &

(Wook 1 stars G305/ Commission e-cooling by end of

= Weeldy Integrated Luminosity —e— Run Integrated Luminosity
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Extended Tev goals

Luminosity plan 2002 — Linay = 2-3 X 10%2
Goals 2002 - 04 accomplished —> N Fas? pla_rt1 / Design plan
uminosity/yr || uminosit
Goals 2004 ~ 310 - 380 ph- () iy YT
Tevatron is performing very well
FY02 0.08 0.08
FY03 0.20 0.22
9
8 FY04 0.31 0.38
7 —a— Design plan FY05 0.39 0.67
6
- Base plan ~ no recycler | FY06 050 069
; % FYO07 0.63 1.53
2 "4 — FY08 1.14 2.37
1 e
0 __+—% ¥ FY09 1.16 2.42
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Integrated luminosity profile
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FYO4 Design with Pbar Tax
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60 90 120 150 180 210
Days Since October 1

Tevatron performance projections much more reliable now:

9
- 5-10 fb! by end of Tevatron operation
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Extended FNAL plan

Fermilab long range plan
(FNAL Official schedule: March 5, 2004) [JRuN or DATA

[l sTarTURCOMMI

[JmsTaiiamion

B 450 (sHUTDOWN)
Calendar
2006 2007 2008 2009
Tevatron BTeV BTeV BTeV BTeV
: CDF CDF CDF CDF
Collider

& DO & DO & DO & DO M
Neutrino | B | OPEN OPEN OPEN OPEN
Program | MI | MINOS MINOS MINOS MINOS OPEN
TestBeam TestBeam TestBeam TestBeam
MC OPEN OPEN E906# E906#

| ME]| OPEN OPEN OPEN E921*

o
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The Upgraded CDF Detector

Central
NEW  calorimeters

Partially
new

/2= DAC

" e
— e~
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ST calorimeter B Silicon and drift
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DO: side view

Tracker :
Calorimeters Silicon, Fiber, 2T Solenoid
Preshower

N ew JORTH e i ' :EEEE?&“:
Old

i : |§| %ii/
nl

Forward
Muon
System

Partially

New

. || i
I!—u'gugu!,ﬂ System

Electronics Front End Electronics

Triggers / DAQ (pipeline)
Napoli: October 2004 Online & Offline Software
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Physics Highlights and Prospects

Will be biased toward CDF results!

Will cover only selection of results

Based on 200 + 50 pb! daw sample (until Feb. 13, 2004: start
of CDF COT crisis)

Whenever possible will try to show how far we can
push the measurements

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Tevatron Physics

T N S SR

Access to all aspects of SM

Jets
Charm/beauty/top . 1”::5 SUSY and Background Cross-Sections
Vector bosons .
Sensitivity to new physics SR

Higgs _ b
SUSY
Anything else ? — "

« Large extra dimensions, o

Leptoquarks, Technicolor, etc. :E— pb

NP covered by large " |
backgrounds

1 Need very good understanding
of more frequent phenomena
Napoli: October 2004 F. Bedeschi, INFN-Pisa
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QCD

The mother of all backgrounds!
Current description much improved over run 1

New physics In highest energy jets
Quark compositeness changes Et distr.
Bumps in di-jet mass sighal NP

More high Et jets due to Tev energy Iincrease
Study also photons and W/Z + jets

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Jets and pdf’s

FEFFL

FFEETE

Tevatron extends pdf coverage to high values of x, Q

Direct sensitivity to gluon pdf
New physics modifies Et or Mjj distributions

Central + Forward Jets

l Tevatron

F/DO Central Jets

US 95 BPC+BPT+SVTX &
— 95 SVTX + H1 96 ISR
ZEUS 96-97 & H1 94-97 prel

/] E665

|| CHORUS
| CCFR
| JINR-IHEP

L— JLAB E97-010 F |Xe d targ e t

BCDMS

T]1=T'|2=U

Fraction

[ = Quark-(anti)Quark Scattering
Gluon-Gluon Scattering
Gluon-(anti)Quark Scattering

100 150 200 250 300 350 400
Transverse Energy of the Jet

F. Bedeschi, INFN-Pisa
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Inclusive Jet Et

FFEETE

FEFFL

Updated results with 177 pb-1 of dat
Consistent with NLO pQCD with CTEQG6.1

3 No obvious high Et excess

8l Energy scale uncertainty ~ 3% - Major systematics
Other similar results with Kt and mid-point clustering

CDF Run Il Preliminary
Integrated L = 177 pb'1
0.1 < |nNpgl <0.7

JetClu Cone R=0.7

—

d’c / dE; dn (nb/GeV)

= Runll Data
[ | +/- Systematic Uncertainty
—NLO pQCD (CTEQ 6.1)

400 500 600
Inclusive Jet E  (GeV)

Napoli: October 2004
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CDF Run Il Preliminary

Integrated L = 177 pb™
0.1 < |1l < 0.7
JetClu Cone R=0.7

B CDFRunll Data, \s=1.96 TeV

:l Systematic Uncertainty
NLO pQCD Uncertainty (CTEQ 6.1)

|
500 600
Inclusive Jet E, (GeV)

F. Bedeschi, INFN-Pisa
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Di-jet mass

== |y| < 0.5, Cone R=0.7 - Agreem;nf W'Th ThZOI"y Wi"'hln
s systematic uncertainties
==LO (JETRAD) CTEQE.1 (dom'na-red by Je-‘-_ener.gy SCCl|e)

n _ . _ i C Cmax
Rep=1-3. g =1p=05E7

D® Run Il preliminary

——|y| <05
Systematics Cone R=0.7

A
Lim =143 pb uncertainties Lint ~ 143 pb-1

[] PDF uncertainties

data / theory

D@ Runll preliminary

F. Bedeschi, INFN-Pisa
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Old *03 result (75 pb1) used to
set limits on jet-jet resonances

Need work on jet corrections to
Improve limits with higher statistics

Search for New Particles Decaying to Dijets

FTEEFEEFEE

¢.B {pb)

1 g

CDF Run 2 Preliminary (75 pb™) ]

103 :— Axigluon or Coloron .
Y / 200<M<1130 Ge¥ Excluded 1
Ay .. 1

Color Octet Technirho

oINS / 200<M<760 Ge¥ Excluded |
10 ) s, =
: ™, - E

.

- 30DCMC410 GeV Exel. Ry,

E  E, Diquark 4:\»

E280<M<420 Gev Excluded %, N,
r "
I @ 385%CLUpperLimit .,
10 F Ingl<2.0, kostl<2/3 R ) E
E T N Y O i ||||I“'||||‘|‘I"h| TR ]

| LINLALILA ENLILIL LN (LN N B L L B =

Excited Quark

A, 2B0<M<E40 Gav Excluded

o
N

Napoli: October 2004

| | 1 1 11 11 11
200 300 400 500 600 YOO 8O0 8OO 100D 1100

New Particle Mass (GeV/c®)

Di-jet mass

EEFEFEFL

do = no [1-miys - p1(m’Is)]
dm po mr?

Prob

p0
p1
p2
p3

0.6669
1.31e+16 £3.502e+15
0.2793 £0.1106
4815 +0.4319

5.669 +0.05742

10

CROSS SECTION (pb/GeV)
o

—=
o
r

=y
o
do

=
o
IS

CDF RUN 2 PRELIMINARY
& DATA@FS pb’)
FARAMETRIC FIT

N

200 400

Exotic
state

600 800 1000

Run |
exclusion

1200 1400
DIJET MASS (GeV)

Run Il
exclusion

range (GeV)|range (GeV)

Axigluon
Excited quarks
technirho

E6 di-quark

200 - 980
200 - 760
260 - 480
290 - 420
300 - 420

200 - 1130
200 - 760
260 - 640
280 - 420
300 - 410




16/50

vy production

FFEETE FEFFL
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New results (207 pbt) on yy
production

Data are not consistent with
PYTHIA Tune A

I Need to rescale normalization
Models with soft/collinear

gluon resummation explain
better data

d
-t
S

[}
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W+Jets

FFEETE

FEFFL

W + jets production is the background for many signals
Including top quarks and Higgs bosons

Significant improvement in agreement with MC

CDF Run/i Prellmlnary
W — ev+2>n jets, 127 pb
-+ CDF Data

JetClu R=0.4 (E ;>15 GeV, |, [<2.4)
syst. +Jet Energy Uncertainty

— LO QCD = M3
-- LOQCD jipe=<P3>

ALO QCD = M}, Alpgen
Y LO QCD pgp= <p3> Alpgen

Events/5GeV

Cross Section (pb)

50 100 150 1 2 3
Jet Transverse Energ Jet Multiplicity ( > n jets)

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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B physics

Only selected topics:
Production x-section
Rare decays: B> uu
Bs mixing (indirect/direc't)
CP violation with 2 body B decays

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Di-muons
Very efficient di-muon [## :
triggers span wide % - o bl

range of Invariant mass
B physics with J/hy
Rare B decays
Y, Y are important

calibration samples for : .
momentum Scale 5 (2S): 780K BBb_ar

Upsilon
2 Good CDF Muons

Napoli: October 2004 F. Bedeschi, INFN Pisa



“b—>J/y + X” X-section

FFEFFEEFEE

Consistent with Theory!

Data: o =29.6 ub,

FONLL: o =27.5 ub
(CTEQ6M, m, = 4:75, n = pg)

Kinematic Acceptance
L LR L B

T I T T
12| @ Default MC b-hadron production spectrum

| — Input spectrum flat in (pt(Hb),y(Hb))

Acceptance (1.25<pt(J/y)<17 GeV/c) per 0.2 GeV/c

Napoli: October 2004

do/dp,(H,) nb/(GeV/c)

10*

10°

10°

10

1

o(pp — bx) versus (pr(Hp))

TTFERFEEFFT

CDF Run Il Preliminary

T T IIIIIII T IIIIIIIL

@ Runll Inclusive b—Jiy X, a(ly|<1.0)=29 + 6 ub
B Run Ib Exclusive B+ corrected for th=0.4
.. A Run la Exclusive B+ corrected for fb=0.4 3

-
-
oooo

-
y
"
. -
Y
LS

—— FONLL CTEQ8M, m,-4.75, p-u0, -27.5"" _, ub

====+ FONLL uncertainty from PDF{10%}, mass, factorization

lyk<1.0

0

5 10 15 20 25

p(H,) GeV/c
F. Bedeschi, INFN-Pisa
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Rare decays

FEFFL

B.: 1 event seen/ 1. 05 + 0.30 bck expected
(7.5E-7 @ 95% CL) [CDF Run 1: 2.6E-6 @ 95% CL ]

B, 1 event seen/ 1. 07 + 0.31 bck expected
(1.9E-7 @ 95% CL ) [BaBar: 8.3E-8 @ 90% CL |

FTEETE

CDF Run Il Preliminary 171 pb""

0 + -
Bs(d)_:’“' LL

" Best published limit (CDF)
Extrapolations based on 110 pb™'
using In(u)I<0.6, P(B,) >6 GeV/c

* this result with 171 pb™

entries / 0.020 GeV

= o>
by

5 3
- T
o
2%
E gl e
S O
gcﬁ
b &
T _w
abjen)

y et .
90% CL Upper Limits

expected limit BR(B,— u'u”) x 10’

200 300 400 500

Runll Integrated Luminosity (pb™")

Napoli: October 2004 F. Bedeschi, INFN-Pisa



Rare Decays

IIIIII EFEE TTFEE

Sensitive to SUSY

Bs result combined with DO:
1 BR<27x107@ 90% CL

tang
10 20

30 40 50
'7 T T 1 I T T T T T T 1
Better than 1 x 10-" by 2QO7 | 22 W RUBL)  e is)
i Needs update of analysis selection i 7 21
1076 2 CDF 11171 pbt 4 —
J . CDFD0 27 |
1 10—7 | ;5 ,’///
3 = ’
! 5
........................................................................................................................ Ef 7 E )
____________________________________________________________________________ 5 1o-8 7
S T\t 2 SRR [/ EURPIN RN I B/ N
10 15 20 25 30

5a,u, [in units of 10710]

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Bs Mixing

Indirect measurement with AI'/TC
First measurement out this summer

Major progress this year on direct searches
Use more Bs final states
Semileptonic included
Opposite side taggers established
Finalizing same side taggers
30% ct resolution improvement

Expect new relevant limits on Am_ next winter

Measurement hard but within reach by 2007 and
hopefully much sooner!

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Bs States: AI' / T

Bs - Jy ¢ - pp KK
Heavy state and light state decay with distinct angular
distributions and different lifetimes.

Decay angular distributions CDF Run |l Preliminary

1/4 heavy state

3/4 light state

Lifetime - Tyeay ~ 2 X Tyigny
Al /Tg=0.71+024  +0.01

Lifetime difference measures
“same” CKM element as
Am (oscillation frequency)

Exciting!! Need more data
~ 5 % sensitivity by 2007
Am, =10 pst > Al /T's = 7%

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Bs hadronic signals

FTEEFEEFEE EEFEEFFT

GDF Run Il Preliminary L=264pb’ CDF Run i Preliminary L~ 264 pb’

]

B,—»D,w,D,>0T N =339+ 22 CDF Run Il Preliminary L=240+14 pb'1
S/B=57 r

—B =D
Bd—>D'11+

—B.By DX

—comb. bkg

NB_) = 95+ 17

Entries / 10 MeV/c?

Np =190+25

w = T

] I T I I I A B I B
‘ ' "ol S.B 49 5 51 52 52 54 55 56 57 .8
54 56 58 . [ooVIc

Entries per 10 MeVic”
M [ev) £ >

Number of Entries / 10 MeV/c?

D, = Mass [GeV/cZ]

By — Dyn(Dy — K*K)

Raw yield ~3 pb

Channel Observed events Luminosity (pb™") Yield per 250 pb~' S/B
B, — Din(D, = ém) | 330 £ 22 261 320 5.7
By — D3n(Dy — ¢m) | 9517 264 90 1.0
B, — Dn(Dy — K*K) | 190 + 25 240 200 1.3
B, = Dyn(Dy — 31) | 57+ 11 124 115 1.75

Napoli: October 2004 F. Bedeschi, INFN-Pisa



Bs semileptonic signals

FFEFFEEFEE TTFERFEEFFT

Muon Electron

3
B

3
2

= Right sign = Right sign

E
8

Wroang sign Wrong sign

Events per 5MeVic?

Events per 5MeV/c’

-k

t u
ol ti4

2.00 2.05 0 1 1 L L L 1 1 L 1 1 L 1 1 | 1 1 1
Mass(on) GeV/c” . . . . 2.00 2,05
Mass(dn) GeV/c

Channel Observed events Luminosity (pb™!) Yield per 250 pb™" S/B
B, — tvD,X (D, — o) | 2342 + 66 245 2400 3.5

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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ct resolution with LOO

T N R ey

£
E— 160 B—WK ct Resolution
N 0 E b E/LOO g_ 14 No Lﬂﬂ;;zv:emge PrimeVitx
N <G> = -2 Il M
- c 12 L00, Event-by-Event PrimeVtx
© 67 fs E <G>=15.6 1 ]:n
With EbE/LOO: jell
c~47fs
30%
Improvement

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Mixing and flavor tag

FEFFL

FFEETE

Major progress on mixing: EDF Run I Prelimin

? S I*D", D" — D° n, (D° — K*r)

Test whole machinery on B,
3 Consistent Am, values
Il Taggers characterized

Combined OST ¢D? = 1.6%
l Include correlations -

Currently developing K tags both on
same side and opposite side

()| coF | b0

B I"'D",D —D°nr (D°— K'r)

Asymmetry
o :

0.698=0.042 0037 | 1.00=0.38
035:005(stat) | -
071510027 ] Proper d%ély length [cr%s

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Bs Mixing measured by 2007!

CDF Run Il Preliminary

50 observation sensitivity
- Combined Data
“oORA e CDF Run Il Preliminary
fSMfﬁts"j’/’ Q 5 A m, sensitivity in 250 pb"
c 4.5 Combined Data
Sireiched S 4 Statistical contrlbutlons
Baseline E -
S350 ONLY Basellne—NOW
1gcale ][c? currggt yielzczzi5 tﬁ 3 i_ E StretChed —
;CDF Run i Preli.minary | 25 f_ NOW+ EbE+
2F ;
1 5 95%.CL |—"T"T
-15_ Stretched |
SM fItS Baseline
Stretched 0.5 E_ l limit
C 1 1 1 | 1 1 1 | 1 1 1 L
}3asellne 00 _1 0 20 0

2 3 4 5
Scale to current vield
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Several new results based on
this sample presented at
ICHEP

Branching fractions
Integrated CP asymmetries

Time dependent CP
asymmetries will be next

il Potential to extract y with
accuracy ~ 10°

1 See next pages for

51 52 53 54 55 56 57 5.8
nn Mass [CeV/c’]

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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B->hh

Branching ratios and CP asymmetry
CDF/180 pb-1 Babar/200 fb" Belle/140 fb-"

B,~>K'n) 1600 1030

N(
SR ) 02420.06:004 | 0.26:0.036£0.015° | 0.24£0.035:0.018"
BR(B,> K'n) T R

Acp (By>K' ) 0.133£0.03:0.009 | -0.088:0.03£0.013

Rare two body decay modes

CDF/180 pb-1 PDG expectations
2004

BR(B,~>K*KY) | < 0.17"BR(By2>K*m)
= <3.1* < 0.6 |[0.01 - 0.2] [Beneke&Neubert]

BR(B.>n*m)
’ < 0.10"BR(B;=2>K*K")** 0.42 + 0.06 [Li et al. hep-ph/0404028]
= < 3.4* <1700 | [0.03 - 0.16] [Beneke&Neubert]

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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1.2

CDF Runll Preliminary

B->hh expectations

CDF Runll Preliminary

[\Il[lll]lll]f[[]ll

coa b P P P b Pon s o b v as

1000 2000 3000 4000 5000 6000 Y000 8000

Integrated Luminosity [pb ]

}[I[[[[l[\[ll]ll\][][[

TTT17T

BsaKK
e D®>=5%
ct=50fs

Plﬁcp(Dir,Mi*)lll||||\|||||\|||||\||||

1000 2000 3000 4000 5000 6000 7000 8900
Integrated Luminosity [pb ]

EEFEEFFT

=
O

o
Q
D

o
o
5]

resolution on Ag(B, — Kt)

0.04

0.03

0.02

0.01

rrent single best measurement(BaBar)

(@]

Scaling from current yields

1000 2000 3000 4000 5000 6000 7000 8000
Integrated Luminosity (pb™)

F. Bedeschi, INFN-Pisa
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Electroweak results

FFEETE

Run II;

Major expectations for
Mo, and My,

Currently close or
improving Run | results

Napoli: October 2004

FEFFL

— LEP1, SLD Data

68% CL

150

170 190 21C

F. Bedeschi, INFN-Pisa
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M, = (0424 : 4d) MaV Et M, = (B0419 = 51} MaV¥

Aol =57 59 4 Aidet = 66/59

Run Il: M, = 80.421 + 0.073 GeV (to be blessed)
Runl: My =80.433 £ 0.079 GeV

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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W mass systematics

T N R ey

Systematic Electrons (Run 1b) | Muons (Run 1b)
Lepton Energy Scale and Resolution )

30 (87
Recoil Scale and Resolution 50 (35)
20 (25

Backgrounds )

Statistics 50 (100)

Production and Decay Model 30 (30)
105 (110)

Work in progress on recoil model
Work In progress on e-energy scale (passive material)
Now combined error is 76 MeV (stat+syst)

=Expect 50 MeV combined (CDF only) by next year

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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W mass

W mass
Most systematics scale with
luminosity

_ I E.g. size of Z control sample
Run Il W mass expectations for : : :
[experiment

the W ->e v channel :
expected using all channels

Integral Luminosity (fb™) |Run 1(0.1) 2 15
Number of W-> ev 50K 1M 8M

Statistical uncertainty 65 14 5
Systematic uncertainty 92 39 17

dm,/dm,,~ 50 GeV/25 MeV

Napoli: October 2004 F. Bedeschi, INFN-Pisa



Top pair Cross sections

FFEFFEEFEE

Top Pair Production Cross Section

CDF Run 2 Preliminary

Lepton+Track
{L= 200pb™)

Lepton+Lepton

4 3 (L=193pb7)
F 8 H

Lepton+Lepton:MET, #
8.6 fL=193pb7")

(L= 193pb")

(L= 193pb")

+Kinematic
6.0+ + = 16207)

Lepton+jets: Vertex Tag

5612410 - q52007)

Lepton+$ets: Double Vertex Tag
54438133 =q62007)

Lepgnﬂets: Soft Muon Ta
42423111 =90

All Hadronic: Vertgt Tag

fL= 165pb")

T LI | T T T | - | T T T |
6 8 10 12 14
c(pp — 1) (ph)
Napoli: October 2004

TTFERFEEFFT

Most x-sections updated with ~200 pb-t
In many different channels

Run 167139

Event 1191211
Muon Pt = 31 GeV
Missing Et = 69-GeV
Number of Jets = 4

Tagged Jet 1: Et =62 GeV, Phi =107, L2 =5 mm
Tagged Jet 2: Et =40 GeV, Phi=291,\L2d\= 2 mm
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Top Mass (l+]ets)

CDF Run Il Preliminary (162 pb’™) |~ YC FPrediciion | g _
Signal MC : M, = 175GeV/c? ULl Most likely top quark

LRl masses determined In
each event by Dynamical
Likelihood Method.
(Same as DO best run 1
result).

»Energy scale
systematics is still the
dominant issue

Nﬁ
L
>
QO
o
o
=

el
—
N
el
c
0]
-
Ll

M., " '=176.1 + 7.3 GeV/c? (template)

M,,, = 179.6 *64  ; (stat.) = 6.8 (syst.) GeV/c? (multivariate template)

M = 174.9 *71 - (stat.) £ 6.5 (syst.) GeV/c (template)
Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Top mass and reach

FFEETE

FEFFL

Run 1 Run 2

Mass of the Top Quark
Measurement M G eV/cz] Tevatron Run 2 Preliminary

top
-
CDF Dilepton 176.5 £)1 2 +23
168 4+12.8 (L= 193;,}_]";]
176.1 % 7.3 —_——
CDF M,.., Template 176.7 +59+ 71
(L= 162pb")
CDF all-j 186.0 £ 11.5 —
¥ idof = 2.6/4 DO M., Template 170.0+52+¢7
(L= 160pb~)

167.4 +11.4

180.1 + 5.3

TEVATRON Run-I 178.0+ 4.3

CDF Mul_tivariate
(L= 162pb ")

e —
Systematlcs still dominated by jet DO Ideogram

energy sca!e uncerta_lnty COF DLM
Expect major reduction by next round of\IEEZEE
conferences Run 1 World Average 178.0 + >

160 165 170 175 180 185 19
Napoli: October 2004 Top Mass (Ge I--:'fc”))



Top quark

How much better can we do in Run 117?

Invariant mass from untagged
quarks calibrates light g energy
scale and gluon radiation (FS)

Integral Luminosity (fb™?) [Run1(0.1) 2

15P

Double b-tag W + jet 5 240 1,800

48 1.7 0.63
1

Systematic uncertainty 53 2.1 2

Per experiment
Similar for di-leptons

Napoli: October 2004 de/dmt~ 50 GeV/4 GeV
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Shaded: non-tt backgreund
Dotied: tt 175 MC + bg

® Excess over background
— Expected MC shape (PYTHIA)

EC 100 120 140 1
Dijet Invariant Mass (GeVic)

F. Bedeschi, INFN-Pisa
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Top mass (progress)

FFEETE FEFFL

Progress using double tags as in TDR

11l 17 double tagged events

Reconstructed Top Mass {GEW&E )

[

g LIKelihoo vs top mass
%

|:| Data (11 ewvts)
[ ] sigral + Bkgd

I:I Bkgd only

i X I
Top rrems (G#ie )

—
™
3,
=]
™
"
T
=
| =
S
IT) |

0 60 "™ 0 i M0 1 18 200 CDF Run Il F‘reliminary
m, (Gevichz)

mean 67.0 GeV/c?
rms 20.2 GeV/c?

11 events after x? cut
Nevt 17

Untagged di- - i Pisss < ey v, o 2
jet mass (W) [IF

G 20 46 60 80 100 170 140 160 180 900

m, (Ge¥icr2)
mean 76.7 GeV/c?

_ rms  10.0 GeV/c? i .
Napoli: October 2004 Nevt 11 F. Bedeschi, INFN-Pisa
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New Physics Searches

Searches for new physics
Infinite spectrum of possibilities!
Examplel: Squarks & gluin8s
Example2: Chargino-neutralino searches
Example3: SM and BSM Higgs searches

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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SUSY

Squark & gluino searches

pp — 99 —> (G9)(@"q") »> a(d'x )a" (A" )
0

Xi

g e
m—h
|::|' ) .lllrr
<= 7 D0 Runll excludad

ook for hadronic decays:

8 Charginos & heavier neutralin8s

eventually decay to quarks and
neutral LPS

Signature is jets +MET
Requires accurate study of SM

bac kg rounds / 0 s i

Run 1 reSU|tS gluino mass ::G-.:‘u-"."u:"lj
Preliminary run Il result from DO

squark mass (GeV/c™)

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Charginos & Neutralinos

FEFFL

MSUGRA
Neutralino 1s LSP

GMSB
Gravitino 1s LSP

Neutralino (NLSP) - gravitino y
i ook for yy + MET + X

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Tri-lepton search

DO limit @95% CL.:
v+ <97 GeV

CDF (run 1) limit

close to being

complete

Expect updates for

2005 to improve qargem, A prediction ___———————

LEP result 95 100 105 110 115 120 125 130
M(x;) [GeV]

D@ Run Il Preliminary
Search for x;x2 — 31+X: Limit on o x BR(3I)

M@ ~ M(x3) ~ 2xM(x;); M(slepton) = M)

%2)x BR(3I) [pb]

+
1

=
-~
©

No competition
before LHC results

Napoli: October 2004 F. Bedeschi, INFN-Pisa



' GDF Il Dats (2(;2p;:)'1)-é 'yy + MET SearCheS

[ Non-Collision 3
ey ]
[ QCD - fake photon

SRR I Scnsitive to 7% > Gy
CDF limit: %*, > 168 GeV@ 95% CL
| DO limit: 195

DO

Events/5 GeV

“10 20 30 40 50 60 70 80 90 100 |
Missing E; (GeV) N GMSE: Run 1:

M,=2A

A (TeV) ‘ Ns = 1 -120 GeV CDF

50 55 60 65 70 75 80 85 tan p =15
1

- CDF IRunln Prlelimlinar;r (2c|)2 pt;'1)5 -150 GeV DO

[ Neutralino NLSP in the yy + F;

=9

140 160 180 200
m/. (GeV)

1 1 |
80 90 100

110
m_. (GeV)

5 x BR (pb)

-
o

'
-
TT T T TTTT
»

-I L I L I L1 I L1 I L e I L1 I‘ 10- I||I|lI|J||I|I|II|I|I||J|II|J||I|I|
100 120 140 160 180 200 220 55 60 65 70 75 80 85
Chargino Mass (GeV) A (TeV)

Napoli. October 200 . Bedeschi, INFN-Pisa




YoY% 0 34 PO
JIOVeE C C .U 0]0
CDF Run Il Preliminary
T~ Frrrrp T [rrrTTprT T T T T T T T T L B
e
\95 'DO\> |
C 10 —+ \ ______ -
EE o mmeeeeeaeol L SeeementtTT - E
i o () ]
- H—>WWY — vy
- WH —> lvbb Z . .
2 L Lw=162 pb Ln=184 pO |
O g |
(D) B ]
[/') L i
b 15 | T~
2 10 S O R Expected Limit 1
ht ——  (Observed Limit
© o | | | — SM Preldictiorlw
"9 100 110 120 130 140 150 160 170 180 190
my (GeV)
210]0 Octobe 004

Events / 20 GeV

10

- D@ Run Il Preliminary L=174pb™
W + 2 b-tagged jets,
25 GeV<M._ (W)<125 GeV

* Data
[] Wijets
Wt
@ wbb
B other
[ WH x4

115 GeV

50 100 150 200 250 300 350 400
Dijet Mass (GeV)

CDF Run Il Preliminary 162 pbl

Wi+2jets (21 b-tag)

Data

W=*+light flavors

W*+heavy flavors

Top

W*ZOW'wW,2°2° and -1t

non-wW*

BORCOEO-.

W*Hx 10 (my, = 115 GeV/c®)

Mean = 104.1+ 0.2 GeV/sz
Width = 17.3+ 0.2 GeVic
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Higgs search

CAUTION!

Sensitivity re-
evaluated In
June 2003

—_
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Napoli: October 2004

SUSY/Higgs Workshop

100 nggS Sensitivity ('98-'99)

Study ('03)
statistical power only
(no systematics)

8.56 fb! design pla

4,411 base plan

95% CL exclusion

140 160 180 200
my (GeV)

120

oo
o

100

F. Bedeschi, INFN-Pisa
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SUSY - Higgs

Could be easier than SM:

4 b final states are very
strong signature

Do no need associated W/Z
If tan (3 is large

200 300 300
Higgs Mass (GeV/c?) Higgs Mass (GeV/c?)

o(pp —bb ) = (95" )’ o(pp —bbHg,)
g° ~ 1/cos?(f)=1+tg*f

¢o=h, A H

Higgs Mass (GeV/c?) Higgs Mass {GeV/c?)

Napoli: October 2004 F. Bedeschi, INFN-Pisa



50/50

Conclusions (1)

Tevatron Is ( ) picking up
Could exceed even best luminosity expectations!

CDF & DO are working well and delivering a wide range
of physics results u

~ 400 pb-1 analyzed for winter ’05
Expect many interesting new results

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Conclusion (2)

By end of FY2007 will have 2 - 4 fb-1 delivered and
possibly 1.5 - 3 analyzed:
Top mass resolution ~ 3 GeV/exp and improving
W mass resolution ~ 25 GeV/exp and improving
Rare decays in B sector
2 Limit on Bs>pp in the 108 raflge
Bs mixing is measured
CP in B->hh: measured time evolution with 15 —-20 % resolution
on asymmetries and improving —> sensitive to y
New particle searches:
ll Tevatron leads until LHC turn on

2 Will keep improving limits on SM Higgs and other more exotic particles

8 With luck and a consistent Tevatron performance we may observe hints of
the Higgs boson or new physics!

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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Napoli: October 2004

Expected Run Il Top Quark Studies
Accuracy

Measurement
Top Mass
do(ttbar)
do(IN/o(1+])

dB (t—>Wbh)

3B (Wiongitudinal)
dVip

B(t—cy)
B(t—Zc)

Precision
2-3 GeV/c
9%

12%

2.8%
5.5%

13%

<2.8 X 107
<1.3 X 107

F. Bedeschi, INFN-Pisa
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Search for H > yy

data= 97.0
bkgd = 68.8 +- 45.8

-
%)

In the SM Higgs — yy has Br—10-3
—> search for SM Higgs decaying to
gamma pair is not practical at Tevatron j W= 1.8+ 0.1

Events / 8 GeV

-
o

Many SM extensions allow enhanced
gamma pair decay rate largely due to
suppressed coupling to fermions

—> Fermiphobic Higgs

—> Topcolor Higgs

Search strategy: 'Run 1100 pb™
Look for peaks in yy mass spectrum for | o
high P, isolated y's 1 MC prediction

: 2 fb’

60 80 100 120 140
(fermiophobic) M, (GeV)
Napoli: October 2004 F. Bedeschi, INFN-Pisa




55/50

SUSY search expectations

T N R ey

G. Anderson, D. Castano, PRD 52, 1693 (1995).

Theory upper
natural limit

Old Run Il sensitivity
estimates consistent 5 iyl
with current results v

Expected
Run Il reach

Pre.seht
exper. limit
(1995)

Napoli: October 2004 F. Bedeschi, INFN-Pisa
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