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\ Outline of this talk |

Tevatron status and near (2005) future

% current performances and future improvements
DO and CDF:

Y analysis

~selected topics (mostly 200 pb-1)

—~>Details are given in parallel sessions (Monica, Simona,
Antonio, Carmine, Giovanni, Mapo, Mario, Tommaso)

Future perspectives (Higgs?)
Personal remarks
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\ Tevatron- Introduction |

FermilabTevatron Accelerator With Main Injector

The Tevatron collider
IS an ensemble of
accelerators.

% "Run IT is not a construction
project. Run IT is a complex
campaigh of operations,

. 300.0
maintenance, upgrades, R& D " oo
. 2500 -+ ctua
and studies.” (D.Lehman) A EE
> 2000 _.-:..--"’“’"
% Luminosity goal: .
E 150.0 __.:..0
=4.4-85 fbl by FY 2009 z
->More later £ .
L Record: 6.8x1031cm-2s-1 o | | |
9/30/2002 12/30/2002  3/31/2003  6/30/2003  9/29/2003
k Date -
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\ Two detectors |

CDF underwent serious DO: change of philosophy
upgrades: % New tracking system
% New tracking system = Based on a 2T solenoid
=>COT, new silicon =>New 8 layers (fiber)
tracker (6-7 layers tracker
DS+1 SS) = Secondary vertices
% New forward calorimetry capability (SVX)
Y Tracking at trigger level Y Improved muon coverage
= Tracks at L1 Y New features at trigger
level
\_ q‘?’{%ig@ﬂ*#m St
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Data tak

Accelerator delivers..

Collider Run Il Integrated Luminosity
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19 April 2002 - 12 April 2004 E

Luminosity (pt")

Giorgio Chiarelli, INFN Pisa

IFAE, Torino 16 aprile 2004




-

N

\ I thsics at an Hadron Collider |

Thought to be almost impossible
% Exploits large cross section
=>Need tight selection at trigger level

= Tracking capability at L1 and displaced track
trigger at L2 at CDF

—>DO0 is commissioning its trigger..
=Challenge at high luminosity

By the way...

% Charm physics came (almost) for free (i.e. w/o
white/yellow books...)

~
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DO

B

lifetime

CDF Run Il Preliminary L ~ 195pb™
> £
2 s00 B* - J/yK* 2166 + 59 signal
v o candidates
i o Fit Prob: 65%
o0
% 400
k=]
3
S 300
Qo

B T ¥ T
Candidate mass [GeV/c ]

P I R T S N S S
5.2 5.25

1

CDF Run Il Preliminary L ~ 195pb°
- .
8 B* — Jiy K*
g_ 107 - Fit Prob: 38%
g E — Signal
3 40° —— Background
=] 2
=
w
[+]

10 E

Ldlle 1 ™
0.3
ct [cm]

o
W
o

0.3

N(uD X)N{uDX)

Physics/Lifetimes
CDF: fit to mass and

DO: fit to ratio

DI Runll Preliminary, Luminosity = 250 pb'1

x%/NDF = 4.0/5

0.1 0.2 0.3 0.4
Visible Proper Decay Length (ecm)

DO:

1(B*)/1(B°) = 1.093 + 0.021 (stat) + 0.022 (syst})
B hadron CDF measurement PDG value

B* 1.66 +/- 0.04 +/- 0.02 1.674 +/-0.0[18

BO 1.49 +/- 0.05 +/- 0.03 1.542 +/- 0.0[16

o 1.25 +/- 0.26 +/- 0.10 1.229 +/- 0.080

B, 1.33 +/- 0.14 +/- 0.02 1.461 +/- 0.057

1(B*)/ 1(B% = 1.119 +/- 0.046 (stat.) +/- 0.014 (syst))
1(B,) 1(B%) = 0.88 +/- 0.11(stat.)

/

Giorgio Chiarelli, INFN Pisa

IFAE, Torino 16 aprile 2004




B

Identifying exclusive
channels is mandatory..

= | D Ruurm 1 Prelirmimanry

= | Sig.=—31+6
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CDF Runll Preliminary L =179 +-10 pb™"
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DO

B

B4 decays into dimuons
% Expected at O(109) level

CDF Run Il Preliminary

o _
Bs(d)‘)”‘*-”'

entries /0,020 GeV

171 pb ™’

i

=>B«1.7 107
& 90% CL:

N

& 95% CL limits:
=>B.<7.5 107

=B.<5.8 10-7
=>B4<1.5 10-7(1.6 10-7Belle)

58
M,/ GeV

1.8
1.6
14

ents [ 0.02 GaWic?

1.2

# of av

0.8
0.6
0.4
0.2

rare decays
CDF searches for B, and

DO is searching, expect
to set limits at 10-¢ level

4.6

DZ Run Il Preliminary

Signal region
Side Band 1 Side Band 2
P i PRI Y | R
4.8 5 5.2 54 5.6 58 [ 6.
invariant {p u) Mass [GaVic

expected limit BR(B,— u'u”) x 10

[ CDFII F’relilﬂiﬂor;“”m
Il 202 CL Upper Limits

using In(u)<0.6, P(B,)>6 GeV,/Ac

* this result with 171 pb™'

zo00

L8]
Runll Integroted Luminosity (pb™") /
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DO

Xs: B, DTt
% Low yield (0.7/pbt)
=More channels

CDF Run Il Preliminary, L = 119 pb !

0
s

- N(B.) = 84 + 11

N W £ n
o o o o
| I T T

Entries per 20 MeV/c?
=

o
———
i

B0 55
D.n* Mass [GeV/cg]

N

Future...

CDF, golden channel for DO:

non-osc

Asymmetry=(N""  -N°*“)}(N

+Nem) }

DO Run Il Preliminary

-0.4 :_..____.._____...__._.._.__.. eemnnee e,
- 250 pb” OS muon tagging
0B
C L I L L A L | 'l L 'l L | 1 L 1 'l ] 'l L i I lllllll
0 0.05 0.1 0.15 0.2 0.25
VPDL, cm

Tagging procedure

Preliminary results:

Am =0.506+0.055(stat)+0.049(syst) ps-

Tagging efficiency: 4.8 +/-0.2 %
Tagging purity: 73.0+/-21%

1
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‘ High Py Physics I

Need to define a clear set of physics objects
L Jets
% High pt charged lepton
% neutrinos
% B tagged jets
= Displaced tracks
=Soft lepton id

High mass objects (top, Higgs,
New particles) decays into jets,
leptons (charged and neutral)

% Challenge: reconstruct initial partons from a complicated final
state

- J
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\ QCD thsics |

Basics for any possible analysis:
% Jets carry information about QCD, PDF, couplings
=Et and angular distributions, fragmentation
=Comparison to pQCD predictions
% Measuring jets means understand calorimetry and tracking
% Can be tools (or background) in many physics topics
Results:

% Inclusive jet cross section (inherited discrepancy with pQCD
from Run I)

% Dijet mass x-section
& W+jets production
% Underlying events

Future: new cone algorithms (k;, midpoint)

~
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Both CDF and DO
measure jet

=

[T} - -

= D@ Run Il preliminary

g 10

= D@ data, Cohe R=0.7

-g_ 10 = lyl<05

- = 15<|y|<20

4 10 a 20=<|y|=24

o NLO (JETRAD) CTEQBM
S 1 R.p=1.3, Bg=pp =05 pT™

5=1.96TeV
L;,. = 143 pb"

-3
10 3
Ll P P I S
200 300 400 500 600
pr [GeV/c]
g 1(]:‘l —e—|y| < 0.5, Cone R=0.7
3 2 [ | systematic uncertainties
3 10 ——NLO (JETRAD) CTEQ8&M
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C b e e e e
\_ 10k

|
ao 200 300

600
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10°
10”7

Inclusive jets

NLO predictions look OK

CDF Run Il Preliminary
Integrated L = 177 pb™
0.1 < Npyl < 0.7

JetClu Cone R = 0.7

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

¥
10

0

Cross Section Ratio
N W
1] w ]

N

-
4]

400 500 600
Inclusive Jet E  (GeV)

100 200 300

CDF Run Il Preliminary
Integrated L = 177 pb’!
0.1 < |1g,| < D.7

JetClu Cone R =0.7
NLO pQCD Uncenainty (CTEQ 6.1) |
= o(Ms =196 TeV) oc(Ns = 1.8 TeV) i'
I:I 3% Energy Scale Uncertainty

300 350 400 450
Inclusive Jet E | (GeV)
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'AE, Torino 16 aprile 2004

/



D I l m ss
DO measures in central CDF compares to Run I
L]
[ ] — 3
region. 3"
3 . CDF RUN 2 PRELIMINARY
8 .2 -
a 10 aﬁ - RUN 2, V¥s=1.96TeV, 75pb’
=
© 1o ﬁ:ﬂ; =] RUN 1, ¥s=1.280TeV, 106 pb’"’
5 =
% > 4 DS Run Il preliminary a -
S 10 Y 4 B
= % D@ Data, L = 143 pb’ a ﬁﬁ
N 10 tnf ' B P 8 1 i
= *, =10 —I+
= b - NLO (JETRAD) CTEQBM _ o =
= 1 =+ Reep = 1.3, By = 1 = 0.5 py 2
k7 -‘1—:+_ 10 U e
-1 T -
10 .
;.—.*.—. 10-3 | cose*\<2/3, |1]_|ET‘<2 4¢'7$
-z H
10 ‘—+— a Not corrected for resolution Hﬁ—
| i 10 ]
-3 "
10 i R IR SR B R TR N B |
» I + 200 400 600 800 1000 1200 1400
10 cone R = 0.7, |y | <0.5 T DIIET MASS (GeV)
a0 e e e e e e e e s
e et e e e e e e
= 3.5 N N o = CDF RUN 2 PRELIMINARY —
= - DS Run Il preliminary E C 7
- - 8 3.5 — - DATA {BAND IS SYSTEMATIC UNCERTAINTY) —
= 3L NLO (JETRAD) CTEQSBM 2 ] - —
] r R, =13, ug =p- =05 pr PP E LO QCD (PARTON LEVEL) .
= = 7] r ]
= 2.5 ... systemartic uncertainty 8 3C —
e ) s F -
- pdf uncerntainty  ;-----: - C RUN 2, NS = 1.96 TeV, 75 pb’ I
o I : = 25— Z —
Lomemmmimmae 2022 et 2 C RUN 1, ¥s = 1.80 Tev, 106 pb” B
1.5 S 5 —
Peset®ecsaeys ¥ s 3 = =
1| == I T r 7
- i "_""'-77_-____' T t 1 o 1.5— —]
- E L =
0.5 : 2 - 7
OECO”ER:0-7,|Y,-€J<0-5 | || 1:”..|...mH.‘l‘.wl‘..‘\H‘.|..H\‘.‘.\.H.7T
I~ E— — — 200 300 400 500 600 700 300 900 1000 1100
200 400 600 800 1000 1200 1400 DIJET MASS (GeV)
M, GeV/c?
Good agreement with NLO QCD
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Higgs searches
L Selection:

% Bckg: QCD(all bins),top

=Central W (E;>20 GeV,
MET>30 GeV,|n|<1.1)

>Jets: Ep15 GeV, |n|<2.4

| I |
CDF Run Il Preliminary
— W-sev +2njets, 127 pb”'
JetClu R=0.4 (E;>15 GeV,np |<2.4)

N
3}

o(Data)/ (T heory)
o

-t
—
'
'
'
'
'
'
'
'
'
—_——
'
'
—_—
'
'
'
'
'

0 LO QCD pige= M,
® LO QCD |ig= <p>>

o
(%)
I

0 1 2 3
\_ Jet Multiplicity ( = n jets)

—
(=]

—
=]

Cross Section (pb)

]

—
(=1
[

10

I W = ev + jets cross section I

Important test of QCD, background for top,

I I I I I ! I
CDF Run Il Preliminary

E CDF Data

4 LOQCD pgpe=ME Alpgen

Wsey +=n jets, 127 pb~

wi sysl. o of Jot Energy Scale.
JoiOu R=0.4 (E 115 GoV,| 1y |<24)

4 LOQCD ppr=<p;= Alpgen

0 1 2 3 4

Jet Multiplicity (= n jets)

Systematic uncertainty (10% in o, to 40%

in 0,) limits the measurement sensitivity
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w o(Z+b)/o(Z+jet) |
Under‘STClnding E 15_ DO Run Il Preliminary
background, MC checks e o
and tuning... bread and € 1o 1 m o Me
butter for any search: :
% DO measures the HF sl
fraction associated to Z
production for jets with i
E+>20 and |n|<2.5 100 150 200
. E; (GeV)
=Ratio e’ D@ Run Il Preliminary
o(Z+b)/o(Z+jet)= £ | Z( > o0) sjon
0.024:0.007(stat+sys) L o
Y Theory: 1 ||
=>R~0.02 0 |
(Campbell, Ellis, - 1
MGH’Oﬂi, Willenbr'OCk) —- -_'_EJ-—T;- b -41{)! : ';;'j_' ST
k 2D Decay Length Significane /
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CDF Run Il preliminary o ——
N‘-“ rrr|jrrreorrrrprrerporrorT 5 —-O -
Sk 1 . 5, E > 14 GeV, E® > 13 GeV |
31k : * CDF Il Data (207 pb ) g T > , Er >
2 ik © DIPHOX CTEQSM i = ji, = m, /27 a 1 In"?<0.9 E
= + ResBos CTEQSM p.=p,=m__ =
E;: S T L
T 5 7
%10-1 E] _-».ﬂ n — “ B 'i'
¢ iy E E] T
A i . 10 0{)—% ‘! —
[ |° 2 ] Ga00do, 7
ot %2@5? i %: Pl 0000000
_ El'> 14 GeV, EX > 13 GeV R o e CDF Il Data (207 pb ™) 9
o Mm™<o09 TR | o DIPHOX CTEQSM p = =m_/2 ot
e I ResBos CTEQ5M p. = =m_, |
= I T T T I ST R RPN SR RPN BN EPAPR B
20 30 40 50 60 70 80 90 2'I(II(II 0 5 10 15 20 25 30 35 40
m., (GeV/c") q; (GeVic)

\ yy production

CDF studies yyproduction

% Future background for Higgs..

Two central photons

% Myy in agreement with
expectations

%P+ of diphoton system...

CDF Run Il preliminary
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\ EWK thsics |

Basics for top, searches

% Decay, associated production

Y Often background for rare processes

L Discrepancy from SM would signhal new physics

Both CDF and DO measure

Y Inclusive production cross section

% Multiboson production (Wy,ZyWZ WW ,ZZ)
=W mass: work in progress

~
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Events/2.5GeVic’

w W and Z at CDF and DO...

CDF extends its
acceptance at |n|>1:

900 E_ CDF Runll Preliminary - #Data Electrons 1.1<|n|<2.8|
E L dt = 64 pb" 10461 W — e v Candidates
800 Sum
700 F Mar 2002 Jan 2003 |:|
== W > ewv (MC)
600 QCD Bkg
500 jw > v (MC)
400 [Jziv > e*e mc)
300
200
100
o 20 40 60 80 100 120 140

M, W(GeV/c’)

both see 1!

DO exploits its improved
muon spectrometer:

D2 Run | Preliminary

:1 F -
'53 OO B
e - 6126 events | A
i E -I = 1 - candidsie svenfs
E . e il monfe cano
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) = + "
108 o, e
e . i
o o Tmres i
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“I-I-'I- EGE‘V}
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A RRaa B L L S RS RARa 2 _ = F}Data,iscl B, 05 ‘E — Data, iso p, 0s-55
L CDF Run 2 Preliminary 5 |20 ¢ Data ¢ : 1 Data, iso p, 53 i 3 + —Z1T MG
12- 72pb1 _E ::2: B-QCD ; e
U ~0dta 1 |MF -5, ! | - HH
o PN | I “ .

; jet—1 fakes 1{ { * o
6:- Boe I f. i +'#_ =
N ER R |
1t 113 | 10 20 90 40 10 60 T0 90 90100 0 10 20 30 40 % G0 70 80 90 10a
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~

/

Mle+t+Ey) (Gev) ) V Pisa

IFAE, Torino 16 aprile 2004



DO W
G(W,Z)I\

Using the ratio
To extract Iy

< Standard Model
—0— World Average (RPP 2002)
(i

nciudes Run I resulrs)

(from R)
——e&—— DO ll(e) preliminary
—8— CDF Il combined
CDF ”(e} reliminary
—e— CDF II(u)
(from R)
—e— D0 la+b(e)
—&—— CDF la(e)
————— UA2(e)
® UA1(e+u)

I1IIlII1II1IIlllllllllllllllllllllllIllll
1.819 2 212223242526 2.728

(GeV)
\_ [(W)

Z Summa

0 X Br (nb)

| Theory: W: 27

oxBr(W—lv)

ot

&

L

CDF II (e)l.1<|n

|<2.8

10 o } coEe630) * coFILEr
ves.s T
Th % UAL (W) 1 coFiee)
$ Uaz (e { DO1¢e)
---------------------------------
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
E_ (TeV)

CDF: 2071 +40 (MeV/c?3)
DO: 2187+128 (MeV/c?)

World avg: 2092 + 40 (MeV/c?)

LEP direct: 2150 + 90(MeV/c?)
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\ EWK couEIings

CDF measures the ratio of couplings in W to u
and W to 1 channel wrt e channel:

2 /9
R, _ F(W - uv) _ 8wy 9/ Ge
ROTW e g CDF measurement 1.011+0.018

‘ World Average 0.993+0.025

U=

. 9/9
_ R _ v - w) &1 CDF measurement 0.99+0.04+0.07
R T (W - ev) gf,,e

e

c
>

Giorgio Chiarelli, INFN Pisa IFAE, Torino 16 aprile 2004




f a——
w Diboson Production

Wy and Zy are key to Wy x-sect(pb):

hew physics & CDF:Require a W and a'y
e 180 G BUN 2 Profiminary 202 /pb E(Y) > 7 GeV and AR(l, y) > 0.7 .

= 16o0f - - a0 —
S = I
—= 140f

§—>: 120§ é O-(WV)xBR(W—)lV) =19.7£1.7 (Stat) iZ(SyS) + 1.1 (luml)

- 252 Canddaies )| S DO: E(y) > 8 GeV and AR(l, y) > 0.7

40 60 80 100 120 1 40'2
M, (1, v)(GeV/c )

O(WY)XBR(W = Iv) = 19.3+ 6.7 (stat+sys) + 1.2 (lum)

%00} -~ e Data
@ 80:_ + |:| Monte Carlo + Background % Theo r‘y:
soi R ’—‘ Background 19.3i1.4 pb
o T 162(82)pbte(p)
] 1
20/ | I l!’
07 —t— . - s 8

0 1 2 3 4 5 6 7 8 9 10
\ DR lepton-photon
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CDF Run 2 Preliminary 202/pb . CDF Run 2 Preliminary 202/pb
SR R R RS LA RRR RN RAARELARRE: R I R I I I IR

> # 69 candidates 1 e f # 69 candidat 1
() 1 % 0 E
& DZy—)IIyMC+BG 1 2T DZT—HITMC+BG 1
5, w0 < § 5 E
£ [Jet—vee Z |
Z e
z i
1 - 150
10
4 s-
10 3 n
= I o [ I i T ]
0 10 20 30 40 S50 60 70 80 90 Y6 1 15 2 25 3 35
photon E; (GeV) A R(near l,y)

Theory: 5.4:0.4

Ready for Wy,Zy
radiation zero

N

\ Diboson Production

0 =5.310.6(stat) £0.4(sys) £0.3(lum) pb

WW:
CDF uses two selection:
17 evts, Backg:4.8

39 evts, Backqg:15.27

| CDF Run Il Preliminary - Ap vs E,

MC WW
e Data ee
= Data pp
* Data epn

N
)

= 3
s P ki L = 200 pb™’
@ 2 -
g -
8 -
o 1-5 L5 -
uk - F * -
b -
= 1
0.5
I : Nlﬂl=l=0;o':|'p°5itel Sign
i 1 ‘ M P L L
40 &0 80 100 120 140
Er (GeV)

0 =14.35% (stat) £1.6(sys) £ 0.9(lum) pb

0 =19.1x5(stat) £3.6(sys) £1.1(lum) pb
Theory: 12.5+0.8 pb
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More forthcoming:
Direct I'y;

\ Future...

2

3 i f
%om— tﬁjh
d: [ ﬂl»

++f+¥
s
o
\

500

CDFIl Preliminary

200 pb’’

—

g I ————

.

A

%’-"ﬁu'—-__a

60 80

= i
e 1
?‘5 300 |— o e
E— B CDFIlI Preliminary +
& - 200 pb ' J
200 — +|:F
100 — N—FH 'L
- s i:+_r+++'h* ==
e T R e . Bl . . . ]
%o =a 2a 100

N

110
LLL (GeV)

100
m{uv) (GeV)

W mass (challenge of detector understanding)
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N

~

\ 10 years of top |

10 years ago (24/4) CDF "Evidence of top”
& February 1995 CDF and DO “Top Discovery”
=Run I studies (still ongoing)

What about Run IT ?

- Top produced (mostly) in pairs...
—>Lots of decay channels to look at

% Mo
Iet I{h}a » 3

% Vi

SIX jets

44.4%

neutrino T+j ets

14.8%

pLHets
14.8%

ee
JLLL 1.25%
T

: o
j \ | |
3 electron 2 Jet 2 (b) 1280 €7] ets LT +ets

2.5%
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.
w Top...how to find it...

Out of the different And l+jets
channels, select dilepton

— ,‘- -~
- -

Jjet / _
. L jet . .
% to improve statistics use Use tagging to enrich sample
“identified lepton” +

w. " displaced
ISO a e r‘ac \\ tracks R
Secondary
CDF Run II PnliminaryJ L dt =193 pb” Total Transverse Enerqy (scalar sum) Ny vertex —

™~ —
.- E':_ COF Il Preliminary 200 pb’ i} _ma\ry\\'\ 7_/'-39;//’/ >
gﬁé lepton- :; " ?3"‘ lepton- Wz 72 vertex 7 d°
§ lepton o %"r- track = DrebYan o / N
o W g of s e b
§ i z- . _ — +it (measwed o) prompt tracks L >
1 |
il £
; £~55% (bckg 0.5%)
0 oF

[ 100 200 300 400 500 600
\ H{GeV] 0 100 200 300
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Number of jets In W+jets

N

C

°
l[op %-section
Look for top content in SLT
W+ 1- I CDF Il Preliminary
e S sam e N B = Wbb WeocFake
100 R i
reli-xran
CDF Preliminary (195 pb-1) m e
T T T T T W [ | W, WZE 22 Z—T1T
L 4 = 0 Singt
80 N. t = 3 E 80 = Tio":a.fﬁzok}; +Jia
je i 1] M Data (126 £ 7 pb™)
° ° E
[~ ]
kinermatic of - g
w i =
= 072—% 6 8 °
S 40} ow (Pb) - g
@ top 5
M WHjets
201 I other EW -
N QcD
00 100 200 300 400 500 600 Number of jets in W+jets
Ht (GeV) ,
- : _ 9 | CDF Preliminary (195 pb ') |
160 [ mistags ] n 80, — ~,
1 Wbb ] "E :l Wi abar: 17.6 *3. %
& 1 W — o 70 S Binaa CD: 6.3 =+ 2%
3140 vx Tag T nocnc.w _: > ] .| e Wijers 76.0 +3l%
g120 — TN e Ny=3
[ * + 7 ]
[ Single t J . . J
3100 e o e 50 NN on kinemati
g 80 * Data(162pb™) J 40| . bl
e = ASRERNENN AR 3 30 variapoles
S s0— [romssmn ey s d
£ = m 1
2 40— require H; > 200 for > 3 jets _] 20|
20 44.744‘7_: 10
oL ' ' e % 02 o4 o6 o's
1 2 3 > 4 NN output
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N

o top (ttbar and single top)

A summary:

Topln Pair Production Cross Section

m=175 GeV/c

CDF Run 2 Preliminary

o Lepton.+ Track

69 +27 413 120006 )

_: L+!ets:V

] Lei)t'on + Lepgn
_: L+ Jeg: Kinematic NN

L + Jets: Kinematic

87433+13 (=193

1.1
6.7 +11+18

fL=185pb ')

47418415 =t )

ertex Tag + Kinematic

6.0 +13 198 4_1az0b )
- L
L + Jets: Vertex Tag
56+12+19 =ra20b )
L + Jets: Soft Muon Tag
| 41438 +1§ =120 )
5 — @ :
All Hadronic: Vertex Tag

0 2 4 6

7’8'1'2“"+2_3 (.L Iﬁﬁpb )
T T

|
8 10 12 14

o(pp — t) (pb)

Single top process would
measure |V, |? directly...

5<13.7 pb (combined)
0<8.5 pb (t-channel)

CDF Hun 1] Prellmlnary

Ee2pb |

Events/20 GeV

B

|Entr|es

single top
tt

non-top
SUM
Data

-
=]
=]
-
4]
=]
N-
=]
[= )N
N
4]
=]
]
a
=]

[

,/
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°
w Top - x-section |
A number of channels Nice comparison with past
explored by DO and theory...
D& Run Il Preliminary -
-4 i ! T T EE DO (O LI EpIY, Loy
dilapton -1 +h1+426 %225 _ '"=‘ | Kidonakis NNLO-NNNLL (hep-ph/0303186)
p——e——+ 140pb 14.3_43_13 pb 20 [
\ “:’- Cacciari et al. (hep-ph/0303085)
- 175 E_ ++ D3 Run U L jetstope (prel )
- 15 - D Run L sjetsil (LPO3, prel. i
H-;i—H S BT ?2*§ﬁ:§ pb e § ii mnmm:: |
i 1.0 ; +.]I. D2 Run il alljets
' lijets (soft )| o ot qq g #1420 75 L
W * n P 35-18 P 5 v—;\{sq =
25 Fo-d
. all jets 1 g qe4uT : - _ : ; : -
' 2P0 T g3ag PO 0 17|50 1800 1850 1900 1950 20|00
| A s (GeV)
0 5 10 15 20
6 (pb)
\ %
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Top Mass & Higgs...

New Run I combined N New fl’r
CDF+DO result =

— All data, with old
world-average M

'-._ =es All data, with new

S world average M,
Y DO updates its value from a0
172.0+5.2(stat) +4.9(syst) . r

to
179.0+3.5(stat)+3.8(syst) 2

1 - Regian

& Combined: 178.+4.3 | el

szarches
LI

From fit: 20 o '1';1‘;0 T " 400

Higgs Boson Mass [GeV/cT]

N’: i

= 80.6

- I
~ 80.5 | A
= 5 2=
80.4 N Tevatron,UA2+LEP2‘ S ‘:’QQ

or < 251 GeV/c2(95°/o CL)

80.2 | \C
: <

hep—ex 040410 80.1 — 6‘%%.-,@\%5% == LEPL,SLD,'N data

M M contours GSW CL

130 140 150 160 170 180 190 200

M, (GeV/c )
\ %
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\ ToE Mass- Run IT

Use knowledge to In 162 pb! of single tagged
improve measurement l+jets (22 evts)
% Unconstrained kinematics % Dynamic Likelihood Method

Dilepton: 125 pb -1

| 22 events joint likelihood

o ......CDF Run 1l Presnmmary (162 ph )
1.8 | " ; = :
oL sE 1&-------!------------After--Background Con5|dera1|on(4 2 evenls)
r i - :
814 ~q = 1778 + 37 (stat; °"|V) GEV/ C
o - i :
-';. 121 4 .... i - - -
> r £ ] i [ i i : i
-g 0-85— b e 1765igéeewﬁ;ﬂ
E 0.6 ] f : : :
5 0.4? 2
020 DT S OO SO SO ..
500 150 200 250" "300 16’6 1(58 1‘m 1‘!2 1‘!4 1‘!6 1‘!8 1!;0 15;2 1&4
Mass / GeV Mro Cz)

177.8+45 5 ,(stat)x6.2(syst) GeV/c?
175+17(stat) + 8(syst)GeV/c?

- J
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New thsics ? |

Higgs

U Search in WH, H- bbar
U Search for H++

High mass

Y Dilepton channel and comparison to spin O, spin 1,
spin 2 particles

SUSY

& Search for gluino decaying to sbottom

LQ
% First generation
L Second generation

..(excited leptons, ED...)
N y
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WH, H - bb

Search for H+(central) DO:Limit for SM Higgs:

W 0>12.4 pb-1 @95%CL for

% High (>20 GeV) Py e or M, =115 GeV/c?
u=1 b-tagged jet

]

e CIF il 1 Belilivany AT ) 3 £Dﬂ Run Il Preliminary L=17pb" | % | D@ Run Il Preliminary L= 174 pb’
= s i, 0 4w W+ 2btaggedjets | @ | W +2 2 bagged jets
= B WS {1 15GeiA') N I =] | 25 GeVeM, (W)<125 Ge
2 i - eData | ®
E | e WH< 100 ~ L DW*‘JGTS ~ I
5 8 | 8 9 B 0D 2 4 . Datg
) e : c 0 Wrets
& ___| mean=107.16 + 0.27 GeV/c" 0 ¢t I ] Bach
{ width = 20.48 + 0.25 GeV/c” > I WbE > -
a i w i _
[ other [0Wbb
2 Wather
®6" 50 100 150 200 250 300 350 400 450  S00
Dijet Mass (Gew/<h I,y Rl |+ " L]
WE +1 jet | W= + 2 jels | W + 3 jets | WE + > 4jets |
Tolal Background | 12284 + 1140 | 6055 £443 | 2577 £ 216 | 2462 £25)

U0 40 60 80 100 120 140

= = - . 50 100 150 200 250 300 350 400
Observed positive tags 13 (i2 2 21 W Transverse Mass (GeV) Dijet Mass(GeV)
. CDF Run Il Preliminany (162 pb ")
% TE ik oser B
N o Better than Run I, still a long way to go
i 3 I e,

k Higgs Mass (GaWic)
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N

Entries/2 GaV

Entries/0.1

1r*E-0@ Run 1l Preliminary = DATA

B 3l
DY THIA W g

Blerie i b, .

Entries/d GaV

m,, [GaV]

D& Run Il Preliminary

Entries/0.1

Ay,

Hi

s in WW*

WW?* events selection

% Both W-1Iv (I=e or p)
=2 events (2.7+0.4)
=Compare to expectations

4D Run 1 Preliminary DATA

missing E; [GeV]

0@ Run Il Preliminary

Ay,

o e p
eut | P 1 GV o BV pr = 126V, py = BV ;if-‘ =0V = 106V
appesite charge, Tg tlp[ltlﬁit!'('“!ll‘j.'[i'..-‘iﬂr:l =Y uppwits'e'lutl'm".-‘v"m':' =1
myy > NGV
eut 2 iy = NGV Jr = MGV Iy = 0 GeV
wnd By > 073 p' 4+ 10GaV
ent 12GeV € mgg < B0 GeV w4 GeV [y — Mz | = [3GeV
et 4 p‘,-‘ ! p:.?\ f By o 100 GeV o F!f' FHr > WGV Ay < 20
ent § A < 15 Ay <20 No je
ar (B < 60 GeV
and I-f-‘,f' TGN
at b B s 15T B 15 GV
euk 7 No jat Na jot

xBR(H—WW) (pb)

or B < 00 GV

or B < 50GeV aad B < 30GeV

o
I}
—
©
o

@
o
=

O

><
L

o B ¢ 006GV

ar B < 50 GV mnd B < M GeV

D@ Run Il Preliminary
H-WW —eeleu/uu

4™ Generation Model

Topcolor

Standard Model

100 120 140 160 180 200
Higgs mass (GeV) /
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N

DO searches for
fermiophobic Higgs in
the yychannel (191 pb-1).

o]
-]

on SM Hi

CDF looks for H++...

% Predicted by LR theories,
searched by looking at di-
lepton (e or p) events.

D@ Run Il Preliminary
D!E'F Run Il Preliminary

Events / B GaV
I

-
[=]
TTTT

, MC prediction
\1

"‘\, henchmark
Do, Model

-
U'I

-

Events /B GaV
[=]

5]

100 120 140
(fermiophobic) M, (GeV)

D& Run Il Preliminary

A

-
U'l

-

Events/ B GaV
[=]

MC prediction
2 fb"

80 100 120 140
(topcolor) M, (GeV)

CDF Run 2 Prellrnina
L~ 240 pb '

(p@

o
o

e

Cross sectionx BR
]

e

e
0
a

4]

% No candidates in 240 pb-!

150
I—Iﬁ Mass (GeV)
CDF Run 2 Preliminary

Cm.lpling (h)

-,
QI
N

4

-
2]

OPAL
Excluded
E epn (ee)
__\_/——
-
= 5 ee, L
s =
5 3
[T [=]
I 3
S =
[ o“ U
L o3
L =L [ [ |
80 100 120

140 16(:!I I I1£|S(II
H™ Mass (GeV) /
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™9 VZTIN
w Search for High mass states EPE
\u[pP

A

Many theoretical possibilities (Z',Z in Little
Higgs, RS gravitons, RPV sneutrinos...)

From an experimental point of view, two
possibilities:

L Jets dEN Mess Spectum | 1oy Ry | Preliminary
Leptons T
=>Search for excess in g Eg)b A0
di-electron (muon) events —
- Opposite sign

~>High P+ lepton
> At least one in central
region

4
100 100 200 300 400 500 600 700 800 900

Giorgio Chiarelli, INFN Pisa IFAE, Torino 16 aprile 2004




CDF Run 11 Pelninay | CDF Run I Prelmiy
1
u e Central - Cental events v 4 Central - Central events
o - Central - Plug even's 08F 4 Contl-Pgevens
----- s CC+CP
a s CC4CP ok
Y0sF 30-6*
i Ak S S | L .
EO.S— ‘A" ke y R Y ‘L'O.S; "‘,A k & et "
b Lo
; - Y
20'4_;‘ gt ! |04 ; .
: " [ B LAy
031; ,,'""’ ¥ 0‘3-_‘,‘ r |-..>_'-. ."'."‘...0-...
i IS i
P N "ba.,
02-;. g, 1 taa,
] T4 Eo
0 e ol
OH‘ Aol by nolin b 0\|HH‘HH‘ H‘HH‘H\‘HH‘HH“

100 200 300 400 500 600 700 800
Dielectton Mass (GeVie 3)

Zl

100 200 300 400 500 600 700 800
Dielectron Mass (GeVic %)

Hi

w ZO w

L Spin 2 (graviton-like particles)

CDF Run 11 Preliminary
I
W -4+ Central - Central events
) 87 - Central - Plug events
S 4 CC4CP
07
906}
% [ ""i"k
= i T .
&O.S; f hdegkerb g
g 04
4V
*e .--.-... el
03F e o
i l"“. .
02F ' iy
_ 3
. Uhgyy
01
OHlHH‘HH‘HH‘HH‘HH‘HH‘\ HlH

100 200 300 400 500 600 700 800
Dielectron Mass (GeV/e 2)

RS

10

3
10

Events / 5 (GeV/c )

Different acceptance correction if you look for
% Spin 1 (Z-like particles)
% Spin 0 (Higgs-like particles)

CDF Run II Preliminary (200 pb _l)

¢ Data

[] Drell - Yan

] QCD Background
A LA VA

100 200 300 400 500
Dielectron Mass (GeV/c 2)
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o-Br(Z'— ee) (pb)

o-Br(G—ee) (pb)
=

N

DO

2
10 T T

10" W

10

CDF Run 11 Preliminary (200 pb I)

———— @B 1) limit (95% C.L.)
a-Brid'— Iy LOx1.3

570 GeV (Z,)
610 GeV (Z,)

625 GeV
[21'-]

750 GeV
3 ) (Z’ SM coupling)

200 400 600 800
Z’ mass (Ge\h’cz)

CDF Run 11 Preliminary (200 pb I)

3
10

—+— - Br(G—see) limit{95% C.L.)

6-Br(G—ee) PYTHIA %13

Randall-Sundrum Mode]

5
10

200 400 600 3 800
Graviton mass (GeV/c )

o-Br(Z,;— ee) (pb)

10
— BT o) fimic (95% CL)
2 ML & Bl ¥, ee
10 Cheadhusy, Majhi and Revindran
Nacl Phys, BOo0 (2000) 343
10
>y
=
M 1
LN
rl 1
= 10
m
© E
10”7 }
-3
0 F
4
10 -
200 400 600 800

v mass (GeV/e E)

CDF Run 11 Preliminary (200 pb _I)

10 T T
—— o-Bu(Z'= ee) limit (95% C.L.)
6-Bi(Z,, > ee) LOXL3
1
1
10
2
10
3
10 * !
400 600 800

Z,, mass (GeVie )

Limits from e*e- events

I . -1
3 CDF Run 11 Preliminary (200 pb )

—
Q

c(Z'—ee) x Alc(Z—ee)
E’:'a a.a

3
E-N

CDF Run 11 Preliminary (200 pb ™)

10
——— G-Br(Z'— ee) limit (95% C.L.)
O-Br(pm— ee) LOx1.3
M, =M
@y
L M2=M_*- 100 GeV |
d

G- Bi(Z— ee) (pb)

ts

M, = 400 GeV
i M., =300 Ge

—_
o

T

M =200 Ge

T

3
10 * *
200 300 400 500 600

P, @ mass (GeVic 2)

:|\\|| P
200 300 400 500 600 700 800
Z’ Mass, GeV
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CDF RUN Il Preliminary (200 pb

Di-muons

_1)

Nu ' —e— Data
= ——All
° 10° DY Z->up
O W QCD+cosmics _
0 ) L1 DY Zo>tr, WV, WZ it
&2 10 | E
= E
S
W 40
1
-1
10
10° :
100 200 300 400 500 600 700 800
Dimuon Mass (GeV/c )
— -1
1a0° CDF Run Il Preliminary (200 pb )
i o BR(G*— pp) limit (95% C.L)
%103 - o .BR(G*— pp) prediction
= (LO calculation=1.3)
*T 1ﬂ= - E
L] 465 GeVi/c > ]
10 f 520 GeV/ic® 1
o 605 GeV/ic 1
1k
107 f
10°}f
1u-a L L L L L L
300 400 500 600 700 800

200

Graviton Mass (GeV/ c z)

D@ Run |l Preliminary|

o
0 01 02 03 04 05 06 07 08 09

|Cos(8)]

Invariant Mass

Evenls/240 GeV
5,
e

10°E

10

100 pb-!

0 100 200 300 400 500 600 70O 800

Dip Invar. Mass(GeV)

Z' gauge bosons: SM-Like Z’ boson limit M > 680GeV/c?

RS Graviton of extra dimensions: Mg > 605GeV/c?
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% Jet pairs + dilepton pairs
=2 jets+(ee,ev,w up)

fw LeptoQuarks

At Hadron Collider LQ are pair-produced. Signhature:

Searc

enera

n Scalar Leptoquarks

% Decay controlled by B R -
(BF(LQ-e(n)q)), measure b 4 2+ |
=axB?,0x(1-B) 2, ox(1-B)x B o
% In first generation both CDF and (I I
DO Combines eeJ.J.' eVJ.J. Channels ° 100 120 140‘ ‘ I160I CI‘)‘::;:‘un"IZIj::i‘milna‘r:iZZIp?‘I240
Leptoquark Mass (GeV/< )
N CDF Run Il Preliminary (191 pb ™) ? 1'_D0 Run Il Preliminary
N% CDF Upper Limit, 95% CL g -
i 1 02 Theoretical cross section (PRL 79, 1997) '% 0.8—
= N CTEQSM, Q=m(LQ) ©
i CTEQ5M, Q-0.5m(LQ), 2m(LQ) -Ff s e
124 events \\ §Of e
118+14 expected\ > 117 GeV/c2 @ 95 % C.L. Looab
10 | L
- 02—
78 - 117 GeV/d& B
. ."-w“LO. T T 7 1 Y !
\ Leptoquark Mass (Ge\//cz) Scalar Leptoquark Mass (GeV) /
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DO
2nd generation searched in
ULyj events
% Signature: 2 muons and 2
jets
% Background:top, Z+2
jets,QCD fakes
=CDF Requires a tight
and a loose muon
22 events,
-~ Background:
3.15+2.17 events
=D0 (104 pb-1)
-1 event

—~>Background:
1.59+0.47 events

N

Leptoquarks- IT generation

CDF Run T Preliminary (198 pb )
T T L L | L ‘ T T | LI | T 1

[ S S O B L3 B LT
Theoretical Cross Sections, Phys Rev Lett 79, 341, '97 —

oy
Q 1 =
S —
™ - \ ———— CTEQ4M, Q=M
oo &
% B \ CTEQ4M, Q=05,2M
D —

10 - \

I |

RN

2
M, > 240 GeWc\

GDF upper limit, 95% GL

—2 events observed —

 Search for 2 "d Generation
Scalar Leptoquarks, p=1

0 E
; :
|III|III|III‘III|IIIVIllllll‘llllllllllll
160 180 200 220 240 260 280 300 320
Leptoquark Mass (GeV/c?)
E 2.5 DS Run Il Preliminary
(= ] p =BF(LQ,—pj) = 1.0
o 2 - MNLO cross section
1 2\ | s Error Band
: ---------- LO cross section
1.5 —&— 95% C.L. upper limit, B=1
1
0.5
140 160 180 200 220

M(LQ,) [GeV]
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Run 2 from pp - ee,yy
Y M (GRW)> TeV(e,y)
L M(GRW)> TeV(up)

Plot M E>vRsugols(ém)1 43 TeV (ey)

CRW ] III.-"| | Teewete, ]
n=2 n—=3 n=1 1 =11
ER | il | B |z | 1 ||| [

|SM Prediction | D@ Run Il Preliminary

"400 60

| IH

Extra Dimensions

Search for graviton
recoiling against a jet (g
or g). Monojets are
back...

% Data (85 pb-!) are
consistent with
background (mainly Z - wv
+jets)

S C
5'1 000:— — D@ prelim.
. = D@ Run |
©
900—
= R CDF Run'|
800:— L3
700 —
6005_ ............................................
5003— :
—4 3 6 7
Nd /
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—s
w Tri IeE‘ron |

Di- and tri-lepton events DO succeeds in using all
are a clean signature: channels together
24 D@ Run I Preliminary
2'2§ Search for y; 0 3lX:
q —_ 2 Limit on 0><2BR(3I)
2 18 M(z3) = M3) = 2:M(y;); Mislepton) = M(;3)
= 1.6 D@ Run |
Z 14
o 12
q |
#3 08
© 06_—._7_..\ D@ Run lI %f}[g—>e+ele+ulp+u
STPGTeQY' 0.2} mSUGRA ﬁ)redlctlorl;J N

C [ 1
0 98 100 102 104 106 108 110 112

Y Combine ee(l),up(l), prp M(x}) [GeV]

% Dataset: 175,158,158 pbt,
& Compare to MSUGRA...

- J
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DO

Missing Et Spectrum
CDF Run Il Preliminary (84 pb

10
0 10 20 30 40 50 60 70 80 90

A (TeV)

- 103 --------------------------------------------- E
© E'>13, <11 3
o |, ]
0 10 e Data -
E Jet background A

g 10 Y '!
O [ eybackground 3

Missing E; (GeV)

100,

50 55 B0 65 70 Y5 80 85
- (Ll T T T T T T T

CDF Run Il Preliminary (84 pb™’

95% C.L. limit
-

Neutralino NLSP
in the yy+E Scenario

)

100 120 140 160 i80 200

Chargino Mass (GeV)

(M(xX* )>1136eV@95%CL

GMSB: NLSP = x0, - vy
CDF searches for yyWET

DO looks for yyMET in
185 pb-1...

% End of selection 1 events
where 2.5 are expected

o [pb] —
DO Run Il Preliminary N1
multiplied by My =2 A
i k-factor wp e
- / p>0
- /
- Pythia
-1 |“~‘\\~\
10 = D@ Run 1
B [ ¢ [ I R E P R
70 80 90 100 110
- Mo [GeV]
10_2 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
55 60 65 70 75 80

A [TeV]

M(x°,)>105G6eV@95%CL
M (x+,)>1806eV@95% CL
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N

g
w Higgs Huntin

Challenge is: what about SM Higgs?
Critical re-assessment of SUSY-Higgs
Working Group (thanks to DOE)

% CDF looks at WH, H-bb

% DO looks at ZH, Z — w

=>Run IT in progress SM Higgs reach, luminosity

required (per' experlmen’r)
=WG not too 2 I —— T
optimistic.but | § | mermseres i
g 10 b e e
9SYSTen'\a.l-ICS M 'E‘ :..._.._.:::: _________
included... E L 5

= 3

= 1] i 5% €l Exclusion—
100 105 110 115 120 125 130 135 140
Higgs Mass m, (Ga‘\ﬁcz)

Y
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Integrated Luminosity (fb™")
wn

Design Projection

Base Projection

9/29/03 9/29/04

N

9/30/05 10/1/06 10/2/07 10/2/08 10/3/09
Start of Fiscal Year

\ Future |

Machine is performing...in the future:
% CDF &DO, designed for 132 ns
=will have to work at 396 and ~2.7x1032 cm-2s-1

Design Base
Fiscal
Year (fb™) (fb™h
FYO03 0.33 0.33
FY04 0.64 0.56
FYO05 1.2 0.93
FYO06 2.7 1.4
FYO07 4.4 2.2
FYO08 6.4 3.3
FY09 8.5 4.4

~

Giorgio Chiarelli,

INFN Pisa IFAE, Torino 16 aprile 2004



Machine R&D

A number of technical challenges..
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\ Conclusion I |

CDF and DO are taking (and analyzing) data
% Tevatron is performing well

% Both experiments are coping well with current
instantaneous luminosity

L CDF is experiencing some problems with COT
UHZXPZCTed 09|n9 (h‘r’rp://www—cdf.fnal.qov/upqr‘ades/co‘r/aqinq commi‘rfee.h‘rml)

Tevatron is undergoing a complex process
towards higher luminosity

% Goal is to collect between 2 and 4 fb-! by mid 2007
% Detectors should be able to survive the challenge

~
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\ Conclusion IT I

Physics results do not come in batches...
& Continuos flow of results from both CDF and DO
% Basic physics objects understood

=|earning curve was slow

=Most results are still "basics” (EWK and top x-
sections)
~>Follow analysis "a la Run I"
= Already some results based on new
techniques/detectors
~>More on its way, stay tuned (M, in summer with 200
pb, Mtop...)
=>Impact on Higgs searches (if luminosity
projections hold)

~
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