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Why W&Z cross section?

* Precise Electroweak measurements
-> constrain Standard Model (or)
suggest of Physics beyond SM
* W,Z signal well established T

-> base of detector performance studies
* Cross section measurements

-> ensure good understanding of e.u.T identification

-> common crosscheck for other analyses

Year 2002 2003 2004 2005 _ 2006
Monthl 4 7 10 1_4 7101 4 7 14 710

proton e "

* New data available ﬁ:sé}“““; New
-> first measurements based ‘glﬁz analyses
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W and Z cross section at CDF

Tevatron -> W and Z hadronic decay overwhelmed by QCD background
-> bosons identified by leptonic decay

Neors = # of observed events
. N e = N N, ceerouns = 7 of expected background
O A X E x fLdt e = efficiency (trigger,reconstruction, ID)

A = geometrical and kinematical efficiency
(usually based on Monte Carlo)
JLdt = integrated luminosity

Measurement strategy: Talk Overview:

1. identify clean signal and estimate 1 a,,.Br(W->ev) ~ 223pb"!

background contamination " o,.Br(Z->p) ~ 337pb-!

1 0,.Br(Z->71) ~ 349pb”

2. evaluate efficiencies

3. estimate systematics



W boson signatures at CDF

: Event in transverse plane
W - >ev signatures
E. >25 GeV

+ Large missing energy in transverse plane =1
+ Isolated electron:
-> combination of calorimeter
signal and high p_ track

W analysis for first 72 + 4.4 pb' @ CDFII g v

(hep -ex/050829) p’T >25 GeV
- Cross section measurements

- W branching ratio

- Wwidth T IW measurements based on data collected‘

Vs with central part of detector
-qg/
W 0. BF(W-sev) = 2.780 + 0.014 (stat) + > 203Y51), 5 166 (1um) nb
' S T ~0.057(s yST)_

combined results for e and p
a.BF(W->lv) = 2.775 + 0.010 (stat) + 0.053(syst) + 0.166(lum) nb
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W boson in forward region of CDF

CENTRAL PRE RADIATOR CENTRAL SHOWER-MAX

Extension of electron ID to forward _
region of detector -> 1.2 <|n|< 2.8

HAD CENTRAL CALORIMETER

0

Combined information from forward _ —
EM calorimeters and extended |
tracking system (ISL) is used

END PLLG HADRCH CALORIMETER

END PLUG EMCALORIMETER
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INTERMEDIATE
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n= -log ( fanh%)

Increases sample size at
given luminosity for many
analyses:

ttbar sample increase

by ~ 30% with forward
region included



W boson in forward region of CDF

W->ev in numbers: 1.2 <|n|< 2.8
* 48144 W candidates with ~4.5% background contaminations
* overall efficiency of signal selection ~7%

* large source of systematics coming from acceptance ~2% (PDF)
CDF RUN 2 Preliminary — 223 [:nb'1
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Forward CDF W cross section measurement with 223 pb*
0.BF(W->ev) = 2.815 + 0.013 (stat) + 0.094(syst) - 0.089(syst) + 0.169(lum) nb
o(pp->W);,@/1.96 TeV = 2.687 +0.054 1, nb(NNLO), (Stirling, van Neerven )
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W boson in forward region of CDF

1.2 <|n|< 2.8

Next steps:

* Comparison of experimental measurements of central and forward W

production (ratio of cross sections)

* Test of theoretical predictions in different lepton pseudorapidity range
-> different sensitivity to PDF source of uncertainty (hep-ph/0405130)

1

Nobs

o(W),,=

Br(W->lv) JLdt A,

Looking at the future -> luminosity measurement at LHC collider
* based on process with high production cross section, clean signature and

well known theoretical uncertainties
-> like W production

* important to understand the
relation between the measured
lepton pseudorapidity and W
rapidity -> parton momentum
distribution (PDF)
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Z->uy signatures at CDF

Muon signatures: //Q Position of detected p

- Signal in muon consistent with extrapolated
detectors (|n|<1) - track
- Isolated high p; tracks

Z signature:

I|IIII|IIII|IIII|IIII|IIII
1 Stirling, Van Neerven et al. (NNLO)

242.0 +48.0 £26.0 £15.0
Thle ——— (L= 72pb™)

Two isolated p (leptons)
with opposite charge

44

e JECINPRT Measuremen‘r using first 72 pb™ shows good agreement
with NNLO

. 4 280£59: 764150 Results combined with W cross section measurement
to extract FW

Lol b Lol g B(Z->pd) = 248.0 5.9, +8.0

253.1+4.2+.3+15.0
u -9 (L= 194pb™)

2549+ 3.3+ 4.6+15.0
e+ . (L= 72pb™)

-7.2_ +15.1, _pb

syst
+4. 6. +15.2, pb
3
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o(pp—> Z) x BF (Z- 11) (pb) combined 0,.B(Z->Il) = 254.9 £3.3

stat = syst =



Z- >y cross section using 337 pb™

The new result -> first step towards Z boson do/dp_ measurement

S : Changes:

91600 Entries 9620 . . .

>  CDF Run 2 Preliminary new generation of reconstruction

O 1400F 337 pb” software and Monte Carlo samples

2 1000E - Modified selection criteria

8t -> optimized for Z boson

@1000_' p, distribution measurement

S 800F . |

N Z->uy in number:
600:' * 9620 Z candidates with only 8
400F events of background contaminations
200k * Overall efficiency ~ 10%

il P NEEWE FRRTE SRET
70 75 80 85 90 95 100 105 110 115 NNLO @ /1.96 TeV (Stirling,van Neerven)
. 2
" Mass (GeVic') o(pp->Z)1,=252.3 £ 5.0,1,, pb
o(pp->Z/y*).B(Z/y*->pp) = 261.2 +2.7_,, +5.8_.-6.9 ., +15.1, pb



T identification and Z->TT cross section

Taus -> difficult to reconstruct at hadron colliders
Z->71 -> exploit event topology to suppress backgrounds (QCD & W+jet)
-> measurement of cross section important for Higgs

and SUSY analyses Signal -
CDF strategy of hadronic T reconstruction: cone \lﬁt .
1. Charged tracks -> define signal and isolation cone 30" —y

isolation = require no tracks in isolation cone
2. Hadronic calorimeter clusters (to suppres e background)

3. t° detected by detector at shower maximum (CES)

-> wt° required to be isolated in signal cone Isolation

CES cone
-> resolution T decay

2-3mmf | B Channel for Z->71T1: e +isolated track
-> proportiona
strip/wire T->e (ET>1066V)
drift chamber T->h (p.>156eV/c)
at 6X “ e e

0 + remove DY(ee) and “technical

f EM calorimet
o calorimeter background and apply event

topology cuts for non-Z background,



Number of events

Z->TT cross section using 350pb™

Z->1T in numbers:

* 316 Z boson candidates

* Novel method for background estimation: main contribution QCD
-> accuracy improves by factor 3-4
-> statistically driven and will improve with more data

* T identification eff ~60% with uncertainty about 3%
0,.B(Z->1 1) = 265 £ 20 (stat) £ 21(syst) + 15(lum) pb

400 CDF Run Il Preliminary (£=350 pb-T1) CDF Run Il Preliminary (£=350 pb~1)
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20 years of W & Z cross sections
measurement at hadron colliders

o X Br (nb)

oXBr(W—lv

#

oxBr(Z—1")
4 CDF I (e, 1.2<I<2.8)

¥ CDF (630) % CDFII (c+y)

Martin, Roberts, Stirling, Thorne % UAI1 (},L) } CDFII (e)

$ UA2(e) } DOI(e)
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Summary

New set of cross section measurements

* W->ev in forward region (1.2 <|n|< 2.8) using 223 pb™*
* Z->py  using 337 pb’

- Z->7 71, using 349 pb™'

Excellent base for next set of analyses

- do/dy_for W->ev

- do/dp_ for Z->py

* Tau widely used in SM measurements and SUSY, H boson
searches

New generation of W&Z measurement
(R,WW,WZ,W charge asymmetry...)
on the way -> stay tuned!
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From now
on backup
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CDF Run II

New
Old

Partially _:_i;;_.:;;-::f-"" SO\ - = Front end
Zpas D) i ’  Trigger
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|
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Z- >y cross section

Central-Central

; D Z—pu MC

* Z—up DATA (1371) m‘

CDF Run Il Prelimi

p £¥% "

Q- . -
40 50 60 70 80 90,100 110 120 130

M, (GeVic')

' IL dt=720pb" |

nary

Z/y" — pp with mass between 66 and 116 GeV/c?

CDF Run 2 Preliminary

Number of Z/y* Candidates | 9620
Background

l—-11 §+2

WW, Cosmic, Top, QCD Smaller and neglected
Acceptance (Including 0.1091 + 0.0024 - 0.0029
Efficiencies)
Luminosity 337 + 20 pb-!
Cross Section X 261.2 £ 2.7 (stat)

Branching Ratio

+ 5.8-6.9 (syst)
+ 15.1 (lum) pb




Z->TT cross section

Process Yield ( in number of events)
/ —r ee 34.84+1.447.0
W-+ets 36.61+3.514.9
y+iets 47.842.2+12.0
QCD di-jets 68.6 + 3.6
Total: R 270487 507
Data 504
L —TT 316423415
Systematic Uncertainty ["o]

Signal events yield N, | =316+23+15
Gemmnetrical and kinematical acceptance (ingl. PDFs) 3.0
Electron ID 1.9
Tan ID 3.0
Electron Trigger Efficiency 2.0
Tan Trigger Efficiency 2.0
Tapology cuts 2.8
BE::I:EImmd estimation 4.7
Tl [ 1T

Cross-Section O{pp = Z)Br(L = ﬂ'}l: 65+ Eﬁ[s;rrﬁ;l: 21 svsr ) & D5{ i) phe




Z->TT cross section

CDF Run Il Preliminary (£=350 pb-1) CDF Run Il Preliminary (£=350 pb-1)
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