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This presentation |$
Electroweak processes look like the bread and
butter of high Pt physics at hadron colliders
“Wrong!
They are the key to understand detectors and
physics necessary to go beyond
< In the discovery region
Besides...
WIith large statistics you can perform precision
measurements and..
= Look for new physics (LEP legacy)
- The “clean” theoretical background allows to use
them as “standard” against which testing unknow
pieces of the puzzle...
N
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CDF Experiment |

h =1 Ceiitral Muon Central Calorimetes (EH)

wall Calmimwu;r\{H:l ; T 7> Solenoid
= e . ~
PlugCalorimeter (EH) ' [z, -
Forward Mg ' i
qq-\-----\x"'-\. F'JJ:-“'-.
h =2 |
{)
5
P |

Time af Flight

III'|
Tracking (Central Drift Chamber) f'l | B g Ttk

< dpr/py = 0.0005 x p; [GeV] Leptons fFFE™ = Seon
EM Calorimeter W/Z decays
o dE./E; ~ 13.5% / CE; A 1.5% [GeV, |h] < 1.1]

Forward region now used

-

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006



/

The accelerator i PE

Fundamental being able to collect data

< Currently excellent performance

=8 different machines running together (included
e-cooling)

The aim Is an integrated luminosity plan
< called “Design”

=>prings ~8 fb-1/exp. by FY 09
We also have a “fallback plan”

< called “baseline”
=prings to ~4.5 fb-1/experiment by FY 09

The beams division is working well and the
machine is performing!

N /
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Machine iIs performing...in the future:

< CDF &DO, designed for 132 ns
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Accelerator Status |
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CDF -performance

CDF collects data with
good efficiency
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The environment |

In 1 fb?!
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=Tough life
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EWK precision tests |$

Test of the Standard Model
=Check for missing pieces (free parameters...)
= Anomalies might signal new physics

< Test of new tools

=WIidenining of kinematics zones used, new
channels
2Es: Z->tt , W->tn

<~Some channels are sensitive to PDFs
=>W asymmetry, ds/dy(Z), W mass (!)
=S (W) centrale/ S (W)forward
<~ Others can be used to understand backgrounds
=>W/Z+jets...
>WW, WZ

<= Separation among topics not always clean
N /
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QCD W and Z boson production |$

Test of QCD

<~Can be used to check calculations
=NLO since long time

=NNLO

—2>(recently with
ull spin correlations)
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Old W, Z cross section measurements |*

CDF measured Z, W cross section using 72pb-!
T S\,=27 75+10(stat)+53(syst)+166(lum) pb
o°s5,=254.9+3.3(stat)+4.6(syst)+15.2(lum) pb

=R=10.84+0.15(stat)+0.14(syst)
—>Can be used to measure G (indirectly)
—>Can be used to measure Vcs

— Sw’ BR(W ® In) — S w GZ G\N® In™] - Wuréhve;agetn:ﬁpp 2002)
+1- - X X {inclndes Bun { results)
s, xBR(Z® I'") S Gy

4+ -
Z @ I I r_iﬁ.""" R,.I
—— COF i {e+p)

SM : 3.370 = 0.024 SM : 226.4"1 0.3 MeV

{from &
LEP : BR(Z® I+l-) = 0.033658 + 0.000023 _ e-ootni
G, =2.092+0.042 GeV - Ut o)

IIIlEII!IlIIIllIIIIIIIIIIIIEIIIII.IIIiIIII

12819 2 2122232425262728
(Grel)

\_ T(W)
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Indirect determination exploiting SM and world-
average of the other CKM ME involved:

£
2

& o
G = SQ/?/g"' Koo (@ g) a ‘qu'

|no top|

V|... =0.976+0.030

- a=0.12, @,=226.4 MeV/c?

< Better than LEP (direct) alone (0.97+0.11), worst than
LEP+Run I (0.996+0.013)

R can provide precision constraints to SM parameters
< Find new ways...
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Indirect Width Uncertainties |

Category Electron Muon Correlation
Stat error 0.17/53 0.2705 0.0
Acceptance stat error 0.0294 0.0480 0.0
Boson py 0.0019 0.0044 1.0
PDF 0704 0.0851 10

Pr scale/resolution 0. : 1.0

E+ scale/resolution 0.0185 0.0000 0.0
Material 0.0319 0.0000 0.0
Recoil calibration 0.0267  0.0384 1.0
Uncorrelated efficiency erro 1203 0.1015 O.
Track reconstruction efficiency 0.0170  0.0445 1.0
QCD background
Uncorrelated EWK background 0.0089  0.0112 0.0
Correlated EWK background  0.0042 0.0290 1.0
Cosmic ray background 0.0000 0.0702 0.0

" correction factor 0.0109 0.0112 1.0

Raw uncertaintieson R
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Improved Method |

Use a common set of selection criteria for both W and
Z events by requiring a single high-quality lepton (fit
+/- charges separately)

< No efficiency or trigger uncertainties

< Large reduction in PDF uncertainties

g 0.0 0.05
50.04 - 0.04 4 .77 N
5°0.03 0.03

2 0.02 - 0.02 - W
0.01 - 0.01 —
0 e S———— 0 +— ‘ - R
0 1 2 3 0 1 2 3 “iea
W rapidity Z rapidity

object from Z
recoil. Z

eInclude all y s

e_
*Exclude 2" EM e+ /s

towers in E/T d u \
N calculation. ‘ﬁ
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Precision R Measurement |$

Cut on hadronic
recoil JU| <10 :
GeV to minimize
QCD background

20000

Use maximum
likelihood fit to oo S )
eXtraCt W and Z Recoil Energy (GeV)

MET for electrons, scaled by R = 10.546

Recoil Energy distribution
CDF Run Il Preliminary
— WMC

50000

[ GeV

—ZMC

— QCD (from data)

contributions to O cor rn 1
Com mon E; 2nnn§_ 5?—:2;’? 300 pb”
candidate sample k- Cacb on o

K MET (GeV) j

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006



R W/Z: new Method

DR/R (%)
CDF
PRELIMINARY | eleetion, | <lection G0,
Statistical 1.7 0.94
PDF 0.65 0.31 » Reduced by x2
Material 0.28 -
Recoil 0.28 0.40
Efficiency 1.10 - » Eliminated.
Background 0.37 2.5 » Increased: needs better understanding
Missing-E+ - 0.5
Total
Systematic 1.50 26 < 60000,
Stat. + Syst. 2.20 2.76 & —WMC
£ 50000
: —zMC
40000+
’ | — QCD (from data)
.. . Sy . . 300001 CDF Run Il Preliminary
Preliminary systematic study & Recoil distribution for signal '
comparison with earlier analysis. & QCD background 20000
10000
R =10.55+ 0.09(stat) + 0.26 (syst) :
10 2 30 20 50 80
CDF e PRELIMINARY, 374 pb+

Recoil Energy (Ge\@

N
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Asymmetric u,d quark
momentum distributions
within proton lead to
asymmetric W*,W-
rapidity distributions

< V-A decay of W boson
reduces the observable
asymmetry in the lepton

rapidity distributions

ds/dg u (1 + cosg)?

-

Constr. PDF-W Asymmetry |
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Equivalent definition for
lepton asymmetry =7 =——

Afply) =

A% (Y) = > F|(d1 ) @10,

Charge Asymmetry |$

mmmmmmmmmmmmmmmmmmmm

i

Sw+(Y) - Sw.(Y)
Sw+(Y) +sw.y)

5

:

?

o

4444444444444444

u(X,)d(xs) - d(x,)u(xy)

u(x)d(xd + dx)u(xd
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Old and new measurement
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W Charge Asymmetry

Measuring with 1 b | /
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Resolve dependence on y,,
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ds/dy Z- Selection iz

Z selection with two central electrons : ceall;tral
=Kinematic selection : E; 3 25 GeV, |h]|<l. A
= Two electrons with tight and loose ID
= QOpposite charge electrons required
Z selection with a central and forward AN
electron : Zcp Ce)\”a'
=Kinematic selection : E;3 20 GeV
|h|<1.1 for central, 1.2 < |h|<2.8 for plug
=>tight central electron and one plug electron
Z selection with two forward electrons : Zpp
=Kinematic selection : E; 3 25GeV, 1.2<|h| <2.8
=Two plug electrons
= Same side events required

N =0One leg must have a silicon track D
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Mass and Rapidity |

CDF preliminary result
1muf- 500l & 200
1400t Zcc A a0ol ZPP
1muf_ 2000} 700
1ﬂ:|ﬂ:— [ Bao
‘IEIII_— a0
aoof
[ 400
Boar 1um__ & 300 i
4o0f sm-— f 200 :
2001 ! ! 100 *
BQ T3 80 83 100 110 120 B0 T3 80 90 100 110 120 I::IB:II TO 80 80 100 119 120
£ mass{CC,GaV) £ mass{CP,GaV) £ mass{PP,GeV)
2500
2000] Mass window : 66 < M < 116
- Ca\/
1500} Z(CO) Z(CP) Z(PP)
1000t Events | 28097 | 46676 | 16589
500]

o T T T 3 Probe high yregion (~2.9) )
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ds/dy distribution 1| |

ds/dy distribution of Z/g

80 5
oh CDF Run II prellmlnary
Gob R
E 533_ ................. .........................................................................................................
> -
% T b T
- =
‘_'g" 30— : ........................................................................................................
20 _5'5:; MYE..-;.TI.‘IE ........................................................................................
- + : measured a{nn lum. uncerl:alnty}
10 NNLO CTEQ6.1 predmtlnn..s.nalgd................... |
E to measured o(Z) : ; :
u_ [l 1 1 1 I 1 1 1 1 I 1 1 1 1 ' 1 1 1 [l I 1 1 1 1 I 1

0 0.5 1 1.5 2 25 3

= NNLO calculation with NLL CTEQ6.1 PDF
"S (Z® ee) : 265.9x 1.0(stat.)£1.1(sys.)pb
= No PDF or luminosity uncertainties included

\_ )
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ds/dy distribution (data/theory)

No PDF or L uncertainties included in data ™ NLO calculation with NLL MRST PDF‘
.. | The dataitheory(nlo mrst) of do/dy |
Theory prediction scaled to measured s (2) 12,

1.155_.......2 ..... :312 ....... _______________ ____________________

T R R H— gt
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W in forward region |

Traditional measurements

in CDF involved central 1.2£h £2.8
leptons (e, m ES >20 GeV
< Thanks to improved tracking
and new calorimeter Ef >25 GeVe

|h|> 1 region is now used for
e (to a lesser extent for m

< Challenge due to use of
silicon seeded tracks and

—_ +95
CDF RUN 2 Preliminary — 223 pb™ N§ 5000:—
= 8 — & DATA
'3 B fe] C —— W —>ev + background
= B w Dl ™~ 4000 — Uncertainty (background + trigger)
— 3000 — —— W —ev + background fg_ - I cco
‘E_ : = g;c;naimy (backaground + trigger) @ C B Wty + Zsee
E B P W—tv + Z—ee E} aum__
" 2000 L w L W — e v Candidates
r el‘: ct_r)o:: ; T:I::Ii 5@ - electrons in 1.2 <|nl< 2.8
L 2000 —
1000 - C
- 10— Nev®48165, background<5%
9 20 20 :o L e 70 ole G i TP
E; (GeV) 40 60 80 100 120

M, (W) (GeV/c?)
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25 years of EWK cross sections

In one slide..

&
L
aa
)é OXBr(W—lv
l -
#
NNLO theory curves:
Martin, Roberts, Stirling, Thorne
oxBr(Z-1')
9 Y DOII(e) % CDFII (e,1.2<Mi<2.8),223 pb”
10 >|:t CDF (630) %DOII(H) { CDF II (e+1),72pb "
% UAT () £ CDFI (e) % CDF 11 Z(), 337pb"
$ UA2(e) f DO1(e) [ CDFIIZ(), 349pb
B O T O S B W S LS B WO L O REUL S S LR
0.5 0.75 1 1.23 1.5 1.75 2 2:25 25
E_(TeV)
cm
Luminosity unc.=5.8%
4% from extrapolating ppar cross section from 1.8 to 1.96
\_ 4.4% from CLC calibration )
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Parton Distribution Functions |&i5

Parton
momentum
fraction
within the
proton
depends on
quark type
and IS
different
for valence
and sea
quarks

f(x)®

0.01 0.1 1
\_ X® J
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PDF Parameterization i ?i'??,j.‘f
xf_(X,Qg) = A, XA (1-x)A2 e®3 (1 + A x)"®  (CTEQ)

K funct 30 total parameters
Separate functions (10 fixed)

for u,d,g,u,d

PDF functions are based on fits to
experimental data made by two
Independent groups (CTEQ & MRST)
Parameters are determined for Q, = 1.3
GeV and the Q dependence is modeled
by QCD evolution equations
The A, parameters are correlated and
elgenvectors are determined to
facilitate uncertainty calculations

N Y
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Forward/central can be used |

TO ConStraIn PDFS i Z;i Complementary acceptance
< Define partial cross B ool pin ddhles T
section S S el -
=Do not correct for A 3 T -
(PDF, NLO-NNLO e ot T
effects removed from N e s = S
definition) Y Bemen Rapian

':>Sf:718i3i21 pb Lo, I i YW Bt LHG |
s =664+311 pb NS whLHG |
<= Luminosity uncertainty L ' %o Oocf‘“’ o%%q °P o cgooo oo
cancels in the ratio Zos B R A N I
7 Rey,=0.92540.033 B  vom e MOweommevemen |
o Rth:Acent/AforW: 10 15 20 25 30 PDI:?Eeigemlql.?e
0.924+0.037 (CTEQ®G6.1) goor | MRSTO1E PDF
0.941+0.012 (MRSTOI1E) £ oss +ﬁ TS SO SO T S T U N S S =
> R,(NNLO)= e T e e
0.9266+0.0019 S ||
. BRI ERL Y
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Their impact is not trivial... *

W boson mass PDF uncertainty
< Improving/constraining will reduce uncertainty

valence up
quark
Al: low X

lljllll

M,,(PDF)-M,(CTEQEM) [MeY]

' 2 o
[P
-—.—-

valence down
quark,
sea quarks

-t -t
M O L 8 W
II..I.I.'.I.H.I.'.I.I..Illllll
e
i —— ...
——

[
o

. 25 30 35 a0
Al: low x PDF CTEQS6 Elgenvector

N J

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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W Mass Measurement ShE

Momentum/Energy
Scale & Resolution

Requires a detailed
understanding (~10

MeV) of all aspects of

W boson production
and detection

Recoil & Underlying
— Event Energies

P

W\

\.@\n

Production and
Decay Model

CDF blinded Mass fit

1500—

events / 0.5 GeV

1000

500(—
)

0 e e ——

4
S

i§+W®en

+

+
CDF Run II Prelimigary

x*/dof = 69 / 58

Giorgio Chiarelli, INFN Pisa

Firenze, 1o novempre Zuub
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W Mass Uncertainties \ 3

Systematic

CDF preliminary [MeV] Electrons| Muons | Commol
syst. uncertainties Lepton Energy
for 200 pb! Scale and 70 30 25
Resolution
: Recoil Scale
Currently, estimate |- resolution 50 50 50
a combined 76 MeV
uncertainty Backgrounds 20 20
Finalizing analysis Production
and completing and Decay 30 30 25
exhaustive cross Model
checks Statistics 45 50
" My prediction: Total 105 85 60
=Below 60 MeV
Improved understanding of the W events will
put statistics back into being the most
significant contribution to uncertainty )

Giorgio Chiarelli, INFN Pisa

Firenze, 16 novembre 2006




More fb..

300

systematics. However I predict a WA
L_soon...

] AN T T T T [
— m DORunia (e) Single Experiment Sensitivity 7]
250 —
s F N
= 200— —
g — CDF Run1a (e+m) ]
F: 150 — —]
o - _
ﬁ 100 — DO Run1 (e) ]
g - CDF Run1 (e+m) ]
sol_ CDF/D0 TDR (e+m)
~ 30MeVsystlimit A& 2 CTTTvrooe— .
ol 20MeVsysthimit .,  § T
10 10° 10° 10
Integrated Luminosity (/pb)
Beyond 1 fb-! overall uncertainty does not improve

significantly without better understanding of
with < 30 MeV

Giorgio Chiarelli, INFN Pisa

Firenze, 16 novembre 2006




Mw, Mtop, Higgs...

— 1
1 —LEP1and SLD
80.5 - LEP2 and Tevatron (prel.)
68% CL

175
m, [GeV]

CDF, best Mtop:

170.9+1.4(stat)+ 1.9(syst) GeV/c?
[170.9+2.4 GeV/c?]

TeV combined: 171.4+2.1 GeV/c?

N

" 200

M,, [GeV]

80.70 I experimental errars 68% CL:

CDF aims at controlling individual

Tevatron (2009)

80.60

80.50 -

80.4

80.3

SM
80.2

Hainemayar, Waiglzin ‘04 |

Updated mt, mW '09 1
ol b v b bv i Ty a9
160 165 170 175 180 185 190

m, [GeV]

uncertainties to 10 MeV level to produce
overall dM,,=25 MeV.
DO expects to achieve dM,,=40 MeV.

Giorgio Chiarelli, INFN Pisa

Firenze, 16 novembre 2006



Drell Yan process

— * +1 - 1 .
pp® Z/g ® |7l (+X) A standard measurement at ha’dron coIthrs.
econtrol sample for searches (Z’, SUSY dilepton channels)
*PDF constraints.
Triggers/cuts distort low mass region
| CDF Il preliminary, 337 pb'l
=
CDF I » data T 10
103} Preliminary -~ all background SR
337 pbt - Drell-Yan muons QN
\N 177
g
102 -- lepton+fake 1
] -- Wgamma* 10 1
|
10 ¢ 10-2
i -3
s I 10
1 J""'”_ L
| [ & 1L } il T
20 40 60 80 100 120 140 160 180 200 5 50 10 150 200 250 300
dimuon mass di-muon mass (GeV/cz)
g /
Giorgio Chiarelli, INFN Pisa

Firenze, 16 novembre 2006



W - tn, Z- tt channel |

Channel interesting to
look for lepton
universality etc

< Experimental challenge

< Test bed for Higgs
(MSSM) searches

S, > BRW ® tn) =262+ 007 (<)
+021(3/9+0.16 (lum) no

-1

¥ rL =72 pb
o

didate

CDF Fun IO Preliminar

W — T v number of tracks, associated withthe < can

1400
C 2345 events
1200
—s— Data
1000 - W —> 1t v
W — v
800 W -—sev

EmZ >TT
== QCD

W (“easy”)
Z (difficult)
Z® t(e)t(h)

S,>BR(Z® tt)=265+2_ _.a)
+ 21 (sys) =15 (lum) pb

CDF Run Il Preliminary (£=350 pb-1)

140/ [ ] Z=re
= [ ] QCD Di-jets
120
3 L I z—ee
\2100— [ ] gamma+jets
2 [ ] Wijets
S sol-
>
]
S 60
S
B
g 4o
>
= 200
ol

0 20 40 60 80 100 120 140 160 180 200
Invariant mass(e, t, Ey) GeV

1 | I
7 9 10
number of tracks

BRWVO) _ 1004004 (s20)£ 007 (59

BRW® an) )

Giorgio Chiarelli, INFN Pisa

Firenze, 16 novembre 2006



-

A-; Results |

_ S =S S B Function of quark &
A:B - lepton axial and
S E +S B vector neutral

current couplings
| Zse'e A_ 364 pb | Piing

The relative strengths of the o Ao+ CDFRunl Preliminary 364 p
axial and vector couplings of <08 o —
quarks to the Z boson can be Ca
extracted from measurement 0o
of forward-backward charge O
asymmetry (Agg) 02 g -
At Tevatron A; Is measured 04— — LO caleulation ..
at the Z-pole as well as above 06— S P e
d below -0.8F bk ——LUnfolded (statierr) ...
an e
% 1l|)0 200 300 600
M, (GeVic?)

Current measurements are statistics limited

The high mass region is of particular interest since
this is where new physics can interfere with
Standard Model to produce deviations

)

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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Diboson production | V=

Production of dibosons in the final state
characterize SM processes

<= In some cases a crucial test of the structure
< Deviations can signal new physics
< Absence can set boundaries
Production cross section is tiny
<=0(10)-0(1) pb
= In some cases smaller than the ttbar xsec
Nevertheless they constitute a background
towards the Higgs discovery
~Wg,ZgWW,WZ,Z2Z

=>Wg,Zg measured and published (200 pb-):
->Wg s(ppbar ->W +?)=18.1+ 3.1 pb
270 s(ppbar >Z+7?)=46+x05+£0.2p
N /

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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Dibosons |$

Probe non-Abelian nature

of SU(2),AU(1), via gauge . W,Z,g
boson self-interactions

(triple, quartic) W.2.9

< Tevatron (ppbar) is
sensitive to different
combinations of tri-linear
gauge couplings than LEP
(e*e’) and explores higher s

9 W,Z,g

ggt® W* ® Wgqg : WWgonly
qat® W* ® WZ : WWZ only
qq® Z/g-® WW : WWg, WWZ
qq® Z/g-® Zg :|ZZ9, Zo
qq® Z/g-® 77 :|77q, 777

Absent in SM
\ J

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006




Z+Q Is a complementary
channel to W+g

< Similar SM features but
= There IS no radiation

initial state radiation

final state radiation

Absent
in SM

D

triple gauge coupling

CDF Run Il Preliminary, 1.1fb"

400 F g 3 1.8
5 *
amplitude zero i L
Selection starts with a Z 2 N
- 1.2
o
2 1
<=~ At least one central electron & -
- =100 0
Then requirea g o
- Me I —o.4
o ET>7 GeV, |h|<1.1 w TR e,
[ Cdt(pb T) 1074 40 50 60 70 80 90100 200 300 0
ey 2005-10-11 10:08:56 M, (GeWc2)
gNLtJ'._JU'b;' 4.74+0.4 LT WA T ISy, 11w
__:r t}flje FSR_'SR : T T T I T T T T T T | T T T I T T T I T T T I T T T | J__
Photon type Central Photon L — Data 4
Fee type CC P cC + CP L _ CdZyMc |
NTw 18 + 1.2 121+ 5.4 130 + 65 10°E MW Z-et 3
NgE 115+ 43 256+ 00 37.1 + 143 C Elwdet A
N 142.6 + 7.7 181.2 + 10.0 | 323.8 + 17.3 3 [ - .
Newi + Nogp | 165.0 £ 8.9 218.9 & 15.1 | 374.8 + 23.4 =
obe 183 207 300 E 105 =
G.-'Jba{pljj |.I>.| E _I 1_ | E
CC 56 £ 0.4 (stat.) &£ 0.3 (syst.) &= 0.3 {lum.) - | =1~ —— .
CP 4.4 + 0.4 {stat.) &+ 0.4 {syst.) &= 0.3 {lum.} i | | T
CC+ CP 49 4+ 0.3 (stat.) & 0.3 {syst.) &= 0.3 {lum.) 1+ ‘ I ——
\ - |—I_|—\|Dn—||:
20 40 60 80 100 120 140

Giorgio Chiarelli, INFN Pisa

Firenze, 16 0

MR-1N-11 A0-N8-54.

Photon Et(GeV)
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W+g, 1 b l

Recently CDF blessed
new results for the W+g
analysis with 1 fb-!

<= Old result:
With increase statistics
one can look for

< Deviations from SM

=Kinematics Is sensitive
to anomalous couplings

=EXxcess in high pt g
< Effect of the
interference of ISR with

s-channel (radiation
amplitude zero)

The mtial state radiation
[rom an incoming quark

I-¢channel

t-channel
I— AANT I AANY
I— NNV T

Photon 1s rachatied

L] | I L]
! S-Channg !

' Y
29 . , :
. ‘om W boson. '
: W !I( m W. boson :
: interesting '
' . W riple gauge coupling '
lllllllllll H;&E;J&;;&;ﬁ[ﬁl;é“...“-.““.““".““...““.““".“"
|
q

lllllll SNNENERNNENENNONNNNNNENENEEEER,

TI]L'II] I state radiation, 2
\ photon is radiated from
] Bremsstrahlung process =

Giorgio Chiarelli, INFN Pisa

Firenze, 16 novembre 2006
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Results W+g

trategy:

o [
W first, then g
Select W->m (20,20)
. ..amoou;-
<= Background/yield check  jui
- - EWDDU:—
Select g in a given
kinematical range of
& Et>7 GeV
- |hl<1.1 s
Npara — N, — Nz — N¢ e
Cwy = D %ff - Z7 % cr,i:';; L‘E)R}D'? g f
' QSOO_—
Nwy = A-opiifio O € / Ldt g [
1_1 _ "NI?‘(,’CD?‘ES." g “r
B T 76D E>TAR=DT E
Source Number of Expected ¢ ™F
: 3
Data 855 z I
Wy 342—4.02(stat.)=1.57(sys.)
W +jet 194=0.15(stat.)=66.91(sys.) foof-
Zy 112=0.39(stat.}=0.32(sys.)
Wy(1) 12=0.60(stat.)=0.04(sys.)
oWy  19.11=1.04(stal)=2.40(sys.)= L.11(lumi.)
0

[theoretical NLO cross section : 19.3+-1.4 pb|

CDF Run Il Preliminary 1/fb

+ Data

[Jsum
T Wospy
& [Az-w

Wty

aco

sl T T e
40 60 80 100 120

Transverse Mass (u, v) (GeVIcz)

CDF Runll Preliminary 1/fb

+ Data 855 events
W= vy
[ IWsjet
Dz
W W+ oy

e

)nze, 16 novembre

05

1 15 2 25 3 35 ¢4

AR ()
2006

CDF Run Il Preliminary 1/fb

(1GeVic)

5000 [

30000 -

o

5000 [

n

0000 |-

Number of Events/

15000 -
10000 -

s000 -

+ Data

[Jsum
FiWopy
Dz

Wty

XJacp

..:A_._.. .. m "' 60 70 80
Muon p, (GeVic)

CDF Runll Preliminary 1/fb

Number of Events/(7GeV)

0 2

« Data 855 events
[ Wep vy
[ Wajet
[z
W+ oy

40 60 80 100 120 140 160
Photon E.. (GeV)

/
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WW Production *
%30_IIIII « Data ]
Involves WWg and WWZ TGC 325; - !
% _ E“WT ]
_ i 15|
q w q W :
10
New CDF cross section ot
measurement (825 pb-) | " L
Require two opposite %020 40 60 80 100 120 140 160 180 200
sign leptons and large r [GeV]
missing E+ — B
Expect 38+5 background S(PP® WW) =136+ 2.3(sta)
and 5214 signal events + 1.6(syst) = 1.2(lum) pb
Observe 95 events
NLO cross section: 12.4 + 0.8 pb

\_ Campbell,Ellis, Phys.Rev. D60 (1999) 113006 .
Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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WZ Production | "=

Involves a single tri-linear p
gauge coupling not accessible
at LEP

Measure WWZ coupling
iIndependent of WW(g

CDF searched using three
lepton plus Misging E-
signature pb).
Observec®events with an
expected background of
0.9 = 0.2 events and signal
of 3.7 £ 0.3 events

s (WZ) < 6.34 pb (95% C.L.)

Poor acceptance for leptons

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006



Electrons: eta-phi

< 3 i ]
: ] OLD
2} ;
1— — « TCE
0 « LCE
20 ] e CrkTrk
3L -
-3 3
n
0
NEW
-2
3
N /
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Muons : eta-phi

= 3F ' ' ]
i ] « CMUP
2 - .' E OLD s CMX
1 ‘ g « CMIOCES
ol | | « CMIOPES
p ' o CrkTrk
2} ]
3L | - 1
-3 -2 -1 0 1 2 3
n < 3F ]
2| ]
1} ]
of ]
NEW 1 ; ]
2| ]
3t ;
-3 3
n
\ /

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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WZ->llIn Selection:
< 3 leptons (e,m with Pt >
20,10,10 GeV
<= Z mass region:

= =1 opp-sign, same flavor
lepton pair in (76, 106)

= ZZ Veto: Mlep,trk not in
Z mass region (76, 106)

= eip trk = invariant mass
0

an additignal track high
pT loose (> 8 GeV)

< Df (MET, nearest lepton or
jet) > 0.16

& MET > 25 GeV

Backgrounds from Z+jets
estimated by applying qur

+ denominator data
< Other backgrounds

N

non-Z ("W") lepton and

P(jet+fake lepton) to dilepton

estimated using Monte Carlo

Giorgio Chiarelli, INFN Pisa

Firenze, 16

WZ selection E|

CDF Bun Il Preliminary f Ldi=1.11"

104] |

17

Ezieel
B 2tuuky
[Oz+jets
mzz
Ewz

0 10 20 30 40 50 &0 YO B8O 90

MET (GeV)

COF Run Il Preliminary

[Ldt=111"

0.06+

0- . -
0 20 40 6O B0 100 120 140

Moo i (GeV/cY)

mzz
@EWZ
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W/Z Control/Signal Region

W?Z0® I**- + E; Signal Region: 100.CDF Run Il Preliminary [Ldt=1.11"
- Zregion (76 < IVIII < 106) % WZ Monte Carlo Signal
. E;>25GeV (90
~ ] . Backgrounds
> 804
Dilepton (Drell-Yan) Region: g 1
c 701
| 7000 LLl ]
90004 e | ] S22 © 60
2
5000 ]
Q501
4000 7} 1
3000 % 40_: -
[ ]
2000] — ; LowM et
1000 )} 30_‘
k= '
%0 50 60 70 B0 90 100 110120 150140 40 50 80 70 80 90 100 110 130 150 140 g - ZVeto
M, (GeV/c?) M, (GeV/c) .= _ _
I . . 2 |
Trilepton Control regions:
Liow MET Region: Zg ISR, Z+jet fakes 70 80 90\ 100 110 120 130 2140
- Invert MET cut ilepton Invarignt Mass (GeV/c")

Z Veto Region: —— ZgFSR dominated g ¢
> Invert Z mass cut %
- Invert MET cut =m q
-
Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006

g -
M + Z+jet fakes
|+

ISR




P
Results: WZ->llIn |$

: : 'Source | Expectation + Stat -+ Syst = Lumi |
Signal Region _(MET>25 GeV) Z+jets 122 £ 027+ 028 = -
1-bin counting: zZZ 0.89 = 0.01 % 0.09 + 0.05

< Prob(background On|y) <15 e’ 0.48 + LL[JG + ma + 0.03
10—7 (5 1 S) i 0.12 4 0.01 £ 0.01 4+ 0.01
. e . Wz 9.79 + 0.03 £+ 0.31 4+ 0.59
Two bins in MET: Total Background 2.70 £ 0.28 £ 0.33 £ 0.09
< Nobs(25 < MET <45 GeV) = Total Expected 12.50 =+ 0.28 + 0.46 + 0.68
o Observed 16
< NObS(45 < MET < ? Gev) - CDOF Run |l Preliminary | Ldt=1.11b"
7 | = Data
= Prob(background only) < 2 =0 {L — [
10_9 59 S 40- Ei;juts
* DWZ
First observation of WZ %"-
production!
<=~ We also note that our 2-bin ettt
result is ordinary for MET (GeV)
SM WZ+bkag. -
= We find 49% of 10k =
pseudo-exp’s have a joint -
2-bin probability smaller -
than our data
k oG s 46 5 Zo 25 36 35

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006



Results: WZ® II*lI'n

COF Run Il Pralimi Ldt=11 '
Lot EL = , CDF Run I1 Preliminary [Ldt=1.11"
B [i];':::h % [ | WZ Monte Carlo . _
7 B Z(upy (D 90—_ - Backgrounds el .
[zepets = ] e
B Wz —~ 801 « Data -
5| @mwz > | .
" Q707 o
L ] i l
2 © 60 et
o] w ] B
0 b % 404 AN SN .
40 50 BO O 8O B0 100 110 120 130 140 il ] . :j::===:j
M, (GeV/c?) = g oEEe .
()] ] o :;H' .
CDF Run || Preliminary [Lar=111w" = R R
A oy '-‘{5 S
= Data » — L « ®
[ 2(ee) = .
Eﬂ]—luh '.;a'..' .
1 EI*'I“’ 0 [ St e gt e ‘.7.‘_.“' RS
o L L N
mwz 40 50 60 70 80 90 100 110 120 130 2‘1451-0
Dilepton Invariant Mass (GeV/c")
i
— +1.8
=5.07;; (stat.+ syst) pb
10" . .
o 1 L | consistent with NLO
0 10 20 30 40 S0 60 70 B0 90
= +
N MET (GoV) s(W2) =3.7+£0.3 pb )

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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We performed a number
of checks to verify our
understanding of the
back. Contr:
< Low ET region in trilepton
sample, Z mass window
=Contribution from Z+g
ISR, Z+tjet
< Low Et region in trilepton
sample, Z mass veto
=70 FSR

N

Check: background |

Source Low MET Z Veto
7 2.2 04
Zg 157.5 201.6
Z+jets 63.8 23.3
WZ 2.8 0.3
Total exp. 226.3+35.7 225.9143.2
Observed 215 241
- 16 CDF Run Il Preliminary ILdt=1.1 fo'!
o
g 14 [ Drell-Yan Zy MC and Z+jets
o
o
; 1.2+
T b
g f
O 08¢} _
0.6 - « Data
[ Systematic Uncertainty

Dilepl(e e)

Giorgio Chiarelli, INFN Pisa

Firenze, 16 novembre 2006

Dilep(u p)  Trilep LowMet Trilep, Z-Veto

_J
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WZ cand: eee event (PEM) |

Run=154799 Event=1795709

m12=87.91 GeV  |H;|=60.5 GeV
m13=104.37 GeV  A¢(H1,lepton, jet)=1.5
Ma3=59.62 GeV

Type p. n_ ¢

Centrale 454 0.2 0.2
Central e 41.3 -0.6 -2.1
Forwarde 246 -2.1 -1.1

N

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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l:_3'-5---:.h [pb]

Alcune misure in corso -11 l

Single top
< Produzione EWK di top
7 S5 (s+1)<3.4pb@95%CL
[ 0.7 Tb]
< t channel < 3.1 pb
< s channel < 3.2 pb
=Limiti nell'ipotesi di
assenza di single top
CDF Il 695 pb" Preliminary

4
@ CDF [l data
3.9 85% C.L.
3 —
2.5 B Standard Model
2
1.5
1
0.5

\ 0(][II.E':-11.5:22.5’:-'3!-3.5";:4

q t q
W* W
b
9
] b
CDF Il preliminary
|%n 7 e I I I T T I Ay =
a T /
g -
g .
S 3
o S
2- -
1 -

o2

1 2 3 4 5 6 7 8
integrated luminosity [ 1/fb ]

/

Gr.ch [PP]

Firenze, 16 novembre 2006



Recent results

CDF recently blessed two analyses on the
search for single top (s+t combined), both

based on 955 pb-1
<~0One uses a multivariate method.
=Negative result (limit <2.7 pb@95% CL)

< The other sees “evidence”
(2.3 s) (consistent with background only at 1%)

=Upfront: given the statistics they are consistent

CDF Run Il Preliminary, L=955pb’

CDF Run Il Preliminary, L=955pk™ =

0

=

D

= (-
g.c;l ooo _a,
. =
2 3]
0

= o
2 500 =
= o
< 5
)

—

o] w

W+ 1 jet W + 2 jets W + 3 jets L

Giorgio Chiarelli, INFN Pisa Firenze Single top Cross Section [pb]
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Next...Higgs E

This is our Of course we can do
conttribution.. better
- M, < 199 GeV/c? A B
@95% CL I —LEP1 and SLD
80 .54 -~LEP2 and Tevatron (prel.)
° ry une 68% CL
~ aof=
5- — 0.02758+0.00035 il :? DM.. 2
AR\ TR 8, P
= 3 . EE '
2_ -
14 . 80.3 - -
0 - Preln:ninar},r- :
30 300 1 - e ' .
m,, [GeV] 150 175 200
. Nobody knows where the Hiflyd®§VI ,

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006
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C

Tevatron to explore the features of the EWK
processes

< Precision tests of the SM
< Probe to better understand QCD processes
< Testing new tools for O(1pb) physics

<~Last but not least...

Conclusion |*

DF Is exploiting the good performance of the

= Higgs?

= Better define what iIs “Beyond the Standard
Model”..

Giorgio Chiarelli, INFN Pisa Firenze, 16 novembre 2006



