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Outline:
The Tevatron and CDF Upgrade
Ewk Physics:
eBaseline Measurements (W/2)
*Precision Measurements
e Perspectives
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Fermilab Tevatron Upgrade (Runll)

Jam=a . MAIN INJECTOR

VS gy = 1.8 TeV
: Now Vs .y = 1.96 TeV!
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» New Main Injector:
e Improve p-bar production

» Recycler ring: P
* Reuse P-bam\ Not used yet! &
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Used for today’s measurements

Tevatron Performances
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CDF Runll Detector

From Runl:
*Solenoid

*Muon system
eCentral Calorimeter

For Runll:

Front-end DAQ

*Trigger 3
Track (L1) and Displaced Track

New Silicon Tracker (8 Layers) (|n]<2)

eCentral Outer Tracker

TOF 1 =~log(tanh(6/2))

*Plug Calorimeters

Extended Muon Coverage =

Electron Id up to |n]|~2.8
A. Sidoti INFN Pisa and University Muon 1d up to Ir] |~15



Electroweak Physics at CDF: RoadMap

W/Z Cross section (e,u,T,v). Central,|Forward Regions
Standard High PProbes: Check EffiCiencies, Backgrounds...

M (W)Width

W Asymmetry

A g Z Asymmetry

Universality

DiBoson

Cross Section

W Mass

Precision Electroweak Measurements at ~2TeV
A. Sidoti INFN Pisa and University

Beyond SM

/' Resonances
New
Interactions

*Di-Boson
Couplings

SM Higgs
Mass Constrat




Boson Signatures at CDF

Electron: Muons: Neutrinos:

EM Calorimeters Muon Detectors Large Missing Energy

High Pt (Track) High P Only Transverse (£, or Met)
Isolated Isolated

Z Signature: Two Isolated Leptons (diff charge)

W Signature: Isolated Lepton and,ifT Aachen EPS03



W Cross Sections(e, 1)

Electron-Channel

Transverse Mass

~3000
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= QCD Bkg (from Data)

Mr = \/2E7Ev (1 - cos(A@ee )

e Clean Signature
- High E;
— Isolated lepton
— Missing E;

e Higho & S/B
ILdt =72.0+4.3pb™ Muon-Channel

B ° | CDF Run Il Preliminary, I72pb'1
1000:— %2200 « DATA Entries 21599 [
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W Cross Sections (1)

T, = harrow isol. jet
+ low trk mult. (1 or 3)
+ M(vis)<M.

Hadronic tau decays

CDF Run I Preliminary, I L=72 pb-‘
v

1400 | W — v :number of tracks, associated withthe T candidate

i 2345 events gW / gW

— T (=]
1200 — * !

B —e Data UA1 1991 = 1.01+0.12
1000 B W -os1tv 3 :

L W py UA2 1991 ———— 1.02+ 0.06

B Wosev '
800 — .

- Zo1n | CDF 1992 W 0.97+ 0.07

L == QCD :
600 — DO 1999 s 0.98 + 0.031
400 — ) LEP 2001 e 1.026+ 0.014

B PDG 2002 (wio LEP) ~ —e+ 0.988+ 0.025
200 — :

- _ : CDFII Preliminary 2003 ——e+— 0.99+ 0.04

i - | | '

% 1 2 3 4 5 6 7 8 9 10 !
number of tracks 0.7 1.3
Lepton Universality
- — + + + Aachen EPS03
0.BF(W->1v)=2.62£0.07 g0y = 0.21 ¢ gy = 0.16 3y N0



Z Cross Sections(e, L)

Electron Channel Muon Channel
i I, COF Run I Prefminary, 72pb
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events
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Triggering on T from hadronic decay ;.

S ko o o

Z Cross Section (1)

45 T T T T T T T r
40 F + CDF Run 2 Preliminary (72 pb-1)

~ 30F — data 3

§2sf O z-w E

gzné— W jet—otfakes 3

Clear Z - 1,1}, signal 15k W e :
10E =

:
‘ - CDFle_LinEPreliminary_f D-D 1 2 3 4 5 6 ?.3. 9
E_ | 72p _E Ntrack
- —— OSdata =
3 O Zow 3
- W jet— 1 fakes . -
- m 7 31 Can be our calibration sample
0 20 40 60 80 100 120 'Iél'lﬂ' 160 1EI'D 200 Work in ProgreSS for Cross

M(e+t+E7) (GeV) Section Measurement
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W Cross Section Measurements

CDF Run Il Preliminary
[ Ldt=72.0pb"

. a(pp - W -1v)

—— o(ppP-W —pv)

—e—  o(pp-W —ev)

—k—— o, (e +])

24 26 2.8 3 3.2 3.4 36
G (nb)

combined g, x B(W - lv) = 2.640 +£0.012_,_, £0.093

Z Cross Section Measurements

CDF Run Il Preliminary
I Ldt=72.0pb”

o(PP—~Z —HY)

a(pp—Z —ee)

—%—— o (e + 1)

22 0.24 0.26 0.28 0.3 0.32 0.34
o (nb)

syst £0.198,

nb

combined g, x B(Z - Il) =251.5 4.3, £10.6,, +15.1,,, pb

o(pp->W);,@V1.96 TeV=2.731 £0.002,, nb(NNLO),

Stirling et al, Phys Lett B531, (2002)

Aachen EPS03



CDF I'(W) Measurement

FromR ‘ to F(W) 20061
R= 0.BF(W->lv) zu:M.-— ‘
B ' i CDF Run Il Freliminary
GBF(Z—>”) :"H_\“'I}_IIITIIE e JL-:I!=?2.£I pb”
Spp->WY T2) Wl =~
= E"IQEE—
a(pp->Z)| M (Z->II) T (W) > 1996/
19945-—
Larger systematic uncertainties: - L
eDetector Simulation (e) mﬂ" .
eBackground Estimates(e-|) I‘ |
.Lepton ID (e_l'l) HE{EIII_QI El IE_I1 E_Izlﬂl_ﬂlijjlil_ﬁlE_IEIE_ITIE_E
" (W)

CDF (€): 9.88£0.24,,,,*0.44
CDF(1):10.6920.28 1, £0.31 1
CDF(e+11):10.69%0.28 01,2031, ., mummly ' (WVIsu=2092.1£2.5 MeV

(syst)
F(W)CDF:2146 +78 MeV




Extending Detector Acceptance

Muon Channel(~0.6<In[<1.0)
.Extending geometric CDF Run Il preliminary, 56 PbJ.

“
acceptance of Leptons. Emm - 0.6<n/<1.0 iE""’“ pic
: - E— 2 Data I
Looking in the Forward gao0l (g,
regions (High |n]). 2 [ wouvme
2 uMC J

800 EW—-W MC |+
«Towards Cross Section N
Measurements: 400
eEstablishing Baseline Selection _
«Trigger and 1D efficiencies e} | L
eBackground Studies iy S

o 20 40 B0 ED 100 ;Eﬂ
M, (GeV/c®)

l.e. “How to increase sample without increasing Luminosity” Aachen EPSO3



Events/4 GeV/c?

Electron Channel

Z Boson

CDF Runll Preliminary

J L dt = 69 pb”
Mar 2002
Jan 2003

# B16Z — e e (CP) Candidates
T Plug Electrons 1.1<|n|<2.8

+ Central Electrons |n|<1

Z— ee (MC)

1.1<n|<2.8
Combining Plug Calorimetry and Forward Tracking
W Boson
| MW Transverse | CDF Runll Preliminary
9003 L dt =69 Pb-1++ « Data Electrons 1.1<|n|<2.8
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Towards W Charge Asymmetry

_do(e")/dn—-da(e)/dn

Aln) = : -
do(e")/dn +do(e)/ dn oDF Sensitivity
£ .- CDF Run Il Preliminary
eCharge ID and high |n| coverage g _ CTEQ-3M - MRS-R2

= 0.2 MRARS-HZ - MRST
% CTEQ-IM - MRST
g of
Q

*Sensitivity to u/d fraction in proton =

SUPGEPETS § §111
Constraints on PDF -

e .
[ & 110 pb Run | {e+mu)

Smaller Uncertainty from PDF

In highP+ EWK and Top Physics

02— * 110 pb 'Run Il Projection(e only)

03—

(I T T TN TN T ST T YO O N WO T W T O T

Work in Progress R A
|Lepton Rapidity|
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Z Forward Backward Asymmetry

A = do(cosf > 0) —do(cosh <0) q’“o ; - CDFJ.RLun? 2 P::Iiminary
— 2= =72p
° do (cos@ >0) +do(cosf < 0) 0.6] e
0.4 i
= A(1+cos°0) + Bcosh +... 0.2f m +
\ g 0 % th:r;) ir:-:‘cll.?d-e’sﬂc
~" 0.2E e el
SM Contributions 0.4- es:a:isltical
080 607 100 < 200 300 600
e M. (GeV
Beyond SM(Z' ,New Interactions) » e (GEVL. ~._
/ 'S
- - . / ~ . ~
Probing (Unique at Tevatron): ) S r——
« Z/y* Interference in High Invariant 020 .[L=72pb'1
Mass Region (far from Z-pole) of
-0.2 f— Ziy* —>e'e’MC
04 - h “"ff;f‘c'_&';fi%?s““'
Consistent with SM - Sranstical
06=_. . 1 | L | R
7 95 100 105
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DiBoson Production:Wy

*DiBoson Coupling Measurements:
*Probe ewk boson self-coupling
eSensitivity to physics BSM(Anomalous

Couplings)

eStatistically Limited

*One High-P+ lepton(e,|)
*One Photon(AR,y>0.7)

eLarge Missing E-

CDF Run 2 Preliminary L=72 pb
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340_— ae Dwm
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8 O
Pﬁgcess: l
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-]
g
! == A e
%0 CIusterT:grc:sverse Mass(ggv /c?)
Events |Back | geB(Wy —Ivy) (pb)
e| 43 |33% |17.2¢+3.8,,228 10,
T 38 29% 19.814.55tat12.45ysil.2|um

SM @Vs=1.96TeV

18.7£1.3

Consistent with SM

-1



Events' 7T GaV
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DiBoson Production:Zy

CDF preliminary 72 pb’

& Lala

[ z1+2c0 Background
[] oo Backgeound

=

pr—

B0 g0 100D 920 140 18D 18D 20D
-y Invariant Mass /GeV

*Two High-P; Leptons(Opposite sign)

Process: g .
p_p->Zy—>IIy E 10]
CDF preliminary 72 pb* 8

él za:jjl: Bachground B

-4 Q Ach Background : N

ar
uﬂ 20

_I. I
0 10 20 30 40 " EhotonE, /GeV

Events | Back | geB(Zy-->Ily) (pb)
e 11 4.6% | 5.5£1.744+0.64,+0.3,
u 14 4.0% | 6.0+1.64,+0.7,,+0.4,,

*One Photon (AR, >0.7)

o*B(Zy-->lly)SM= 5.4 + 0.4pb

Consistent with SM



Diboson Cross Sections: WW

pp->WW->1I'vw' (I=e,p)
Statistics Limited
Step for SM Higgs Searches

Selection:

Two High-Pt Isolated Central
Leptons(Opposite Charge)
eLarge Missing E;

*Veto Z production and Jets

Main Backgrounds: DY, tt,WZ,Fakes

A. Sidoti INFN Pisa and University
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CDF Run Il Preliminary - A¢,vs E_.N_ =0

T Vjets ™

MC WW

®Data ee

W Data up

& * Data ep

jL dt=72 pb”’

]
20 40 B0 80 100 120 140
E; (GeV)

Bkg 1.53+0.64
WW->Dil 2.79+0.62

2 Events observed



Conclusions

eBaseline Electroweak Measurements Re-
established Consistent with SM
eElectroweak Precision Measurement Program
eExploiting larger detector acceptance

*\Work in progress on dataset with the largest

(beyond Runl ) integrated luminosity datasets

A. Sidoti INFN Pisa and University Aachen EPS03



Backup Tevatron

Collider Run lIA Peak Luminosity

5.00E+31 5.00E+31
"E 3.00E431 S.00E+31 g
- E
T 200E431 2 O0E+31 é
& — -1
ws Umat Runl ~110 pb
VS gy = 1.8 TeV
Jow Vs g,y = 1.96 TeV
a Paak Luminosity « Peak Lum 203 Av&rage|
Run Ila Run I1b
Inergy/beam D80 GeV D80 GeV
I'eak Luminosity 2.0x10™" 5.0x10”
Number of bunches 36/108 ~ 108
Bunch spacing JU6/132 nsec | 132 nsec
Interactions/crossing 5.8/1.9 4.9
Run period 2001-03 2004-07 Aachen EPS03
Integral L.uminosity 2 ! 13 b




CDF Detector

2.0
-
DRIFT . .
CHAMBER | = ..:"'/ ;
110 g :
] -'--I_'- '. 1 1 | |
i 6 15 0
LAYER 00 - e
SWX I INTERMEDIATE
5 LAYERS SILICON LAYERS
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Luminosity Measurement at CDF

Luminosity (L) from CLC (Cherenkov Luminosity Counters):
eDiscriminating primary (from ppbar)-secondary particles
*Time resolution

—_ clc
Well adapted for high-L collider M, o =0 & L
a: selection criteria for pp coll.

U,: #int/Bunch Crossing (BC)
fz.: BC Frequency

= N 0,,. Pp inelastic cross section
>S5 A L - - 2eroBC pPp
% 0" hits [, |n%r% c° :Efficiency of CLC
% totalBC a
3 _(Nywse) Uncertainty manly from:
T #hits Hae <|\|H_ / > £,= MC simulation.
its/pp
3 A O,, = 60.4+1.4 mb (measured by CDF)
U, = L U... Different definitions
#part = ° < A > cie - -
bp Systematic uncertainty ~5%

A. Sidoti INFN Pisa and University Aachen EPS03



Triggering on Taus (hadronic)

pseed> 5 GeV/c

Tau Cone

Isolation Cone

pY > 8 GeV/c

A Sldotl |NHIS& aré'ulkelrsny h L u h Aachen EPS03



Tau Reconstruction at CDF

Start from narrow cluster in the central
calorimeter

Search for an energetic track pointing to it

Define 2 cones - 10 degrees (cyan) and 30
degrees (pink) - around the seed track

Allow more tracks within cyan cone

Disregard the candidate if there are tracks
in between the pink and cyan cones

Reconstruct energy clusters in shower max
detector and make T candidates out of them

Require effective mass of all the tracks and
n°s inside the 10° cone to be < 1.8 GeV (tau
mass plus resolution)

Expect E(cal) = sum(P)(tracks+1")

P.Mauarat, 2003/02/21, FNAL W&C

he



A typical W->tv candidate event

f-’. Gorent 1357514 oo i23222 EvredTypr : CATA| Jepoe s 7350101521 5325 55 Coeaz 711 Xyronwcde €
-
. .-'
. "
L

MNarrow jet in the calorimeter

P.Murat, 2003/02/21, FNAL W&C

he



Backup AFB

> E oints: Data
8 102i $ellotV\{:S[?n:ulation
o 10 = Green: Backgrounds
210 cor run
g -1
L=72pb
o 1 Jie72e
10"
10”
40 60 100 200 300 600
M. (GeV)
o
0.6
i -
g
o 0.4
i
e
S 0.2
c
0
ey
& 100 200 300 400
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DiBoson(WYy,Zy)

Wgamma
Z gamma
A m-channel Bli-channel
Y q W
A) u-channel B) t=channel
q ——— v
AVAVAl q AV aWal
C) s-channel 1 ———tnrnnns
4 ' ) Inner Bremsstrahlu ng
W q
. W
i <

Dilnmer 1-'Irr'nmﬂr:!hlung

s-channel

Non SM!
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DiBoson(Wy)
. C )

gl e

 bar -:llm !‘ v q]m: v

o

kM{H v )=Mw M1 v} W )

. d.\fl(g.,l,v;,*)}{il:’;":(} at Pzo" M{py.v)

[T T T e ————————— e ML ]

r:; —
- -'ﬂ"‘- L W

ol
Pz
5‘ - 70

™ B+C

aFilim " I R

2303 THOM B W 1 i @ W N I E It

MEr(ly; Be) = (M, + Ipry + pi|)'? + Bu)? — |pry + pru + Be|%, (1.1)

where Pp; is the transverse momentum of the lepton and M;, denotes the invariant

mass of the [ pair.

F EPSO3



DiBoson:Wgamma

CDF Run 2 Preliminary L=72 pb

p—
e |
=
Q L
)
= 150
0 i : .
= *
o i « .
=
ﬂ ~ “ &
-
l—- | & L ]
= &
£ 100
3 |
o
~ + WGamma MC
I # Data (43 Events)
50 —
1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

40 60 80 100 120
Transverse Mass{GeV /c? )

Wy_>evey
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Cluster Transverse

CDF Run Il Preliminary 72 pb'

140

-
N
o

100

Q0
o

Wy— pvyMC

(2]
o

» data

40
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

30 40 50 60 70 80 90 100110120130
Transverse mass(GeV)

Wy->pv,y
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WW DiBoson

CDF Run Il Preliminary - Ap vs E. N__>2, After all cuts

T jeea
3.5
N MC tt
3 ® Data ee
.
. W Data pp
2'5:_ .- * Dataep
= 2
5
1.5 4 »
A@~0 Events s
compatible with tt dilepton g
.
u._.\l I i g | |
0 20 40 60 80 100 120 14
Er (GeV)
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W Mass(Perspectives for Runll)

Run 11 with 2 b will provide
chance to:

—Measure M,, to +40 MeV/c?

-Measure M, to +3 GeV/c?

: :

Constraints on SM Higgs Mass

A. Sidoti INFN Pisa and University
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1 —LEP1, SLD Data

80.5 1 68% CL

D@ / CDF
Run 2a

80.3 Goal

Preliminary |

130 150 170 190

m, [GeV]

210



From R Tevatron Combined Measurement...

First Runll Tevatron Combined (DO+CDF) Measurement

L

From Tevatron Combined R:
D0 (e channel)
*CDF (e,u channel)

R= 0.BF(W->lv))

OBF(Z_>II) £ 85 o l--m||- 11 1Ls 12

Bt

Larger systematic uncertainties domina*~-"
CDF (e): 9.8810.24 ,,£0.44

CDF(1):10.6920.28 ,)£0.31gcty
DO(e) :10.34£0.35 515110.39 gyst)

Detector Simulation (CDF e) (syst)

Background Estimates(CDF/D0 e)
Lepton ID (all channels)

TeV :10'3710'16(Stat)io'28(sy5t)

A. Sidoti INFN Pisa and University



