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Inclusive W and Z Production
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Inclusive W and Z in e and y modes: N N

- large signal samples, low background c-B=_—2 '™

- measure cross section to few %: Ae ILdt
- apply cuts, count events

- efficiencies from data, acceptance from MC.
- systematics limited: need very good understanding of detector, MC

. SM
Aims:
- test NNLO theory prediction
- indirect W width ro OXBW-1v) (WD)
- better understanding of detectors, 0 XBr(Z - 11) (W)

other physics signals:
- W and Z background to top, higgs...
NNLO LEP




W and Z Experimental Signatures

Zup

W->ev

Electron Prw
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W Event Selection: Z Event selection:

- trigger on the lepton - trigger on lepton(s)

- high pT lepton (20-25 GeV) - high pT leptons (15-20 GeV)

- high missing ET (20-25 GeV)

W Backgrounds: Z Backgrounds:

- QCD: semi-leptonic decay (u, ~1%) - QCD: semi-leptonic decay (u, ~0.5%)
jets with high EM content (e, ~1%) jets with high EM content (e, ~1%)

-Z>uu/ee (0.3 - 7%) - cosmic rays (u, negligible)

-W/Z 1 (~2%) -Z>11 (<0.5%)



CDF RUN 2 Preliminary — 223 pb'1

W Production
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CDF Run 2 Preliminary

Z Production

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

CDF Run Il Preliminary (£=350 pb-1)

Updated CDF analysis of Z=t 7, 4°°: ] 2 140- ] 2
based on ~350pb1 ; 3505_ | [ ] QCDDijets ;120:— [ ] QCD Di-jets
£ 300- L] Zee o ¢ ] Zsee
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Tau ID based on calorimeter + tracks so- Z nl 1|
Significant QCD background, R R R - M
reduced with event topology cuts. Number of tau tracks DR arant masse s E) GeV
Z::z DO - background E :25 Do - OS-bckg DA published analysis of Z—)T“Th
2 Fome | e 77 ¥ PRD 71, 072004 (2005)
Zuof 2 g Based on 226 pb
:>J’1°° t :>J’ 80 ,T T+ Uses a NN to identify tau decay types,
. + m 60 .T ﬁ resulting in smaller systematics
60F ¥ ¥ '
40 W 23 T #t, ,
20p Mtyrryy, ok ot} L Benchmark tau reconstruction!
By 25555000 20 C-2ae s e  Better understanding of, eg:

M(u, T,,,) [GeV]

M(L, T¢y) [GeV]

- searches for SUSY higgs=>tt



Result Summary Plot
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Good agreement with NNLO theory curve (Martin, Roberts, Stirling, Thorne)
Results limited by systematics:
- lepton ID (2-3%, 3-4% for taus),
- PDF uncertainty on acceptance (CTEQ6) ~1-2%
- backgrounds < 1% (~4-5% for Z->1)
Dominant systematic is the luminosity uncertainty (~6%).
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Result Summary Table

2989 + 15, + 81,
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W Charge Asymmetry

/‘ NACK- Ty
—>

s wt =

anti-proton

proton

Q-]

Using the W to probe the proton:
- sensitive to u and d quark PDFs
- presence of W sets Q° to ~M

- probe x ~0.005 - 0.3

My
T1(2) = NG e(Flyw
u quarks carry higher momentum fraction

-> W boosted

Measure the lepton charge asymmetry

Convolution of W asymmetry and V-A decay.
Factorises into u and d quark PDFs:

do((*)/dn-da((7)/dny  d(x)

A(’?e‘): St~/ ——
do((")/dn+do(l")/dn u(x)
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- New D@ result in W= puo channel,
based on 230 pb™

- Most sensitive at high rapidity:
- using full muon system acceptance

- Statistics limited!
- Combine CP states to increase statistics
- Constrain PDF error sets

Published result in electron channel from CDF
based on 170 pb* (PRD 71, 051104, 2005)

£ 7 CDF-I, 1707
€ “EE >25GeV

-- MRST02
NLO RESBOS (F. Landry, et al. Phys RevD67:073016,2003)
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Z Rapidity

Same motivation at W charge asymmetry:
- boost of the Z boson is sensitive to momentum fraction of quarks.
- probing x at high Q* (~M,)
- test NNLO prediction

In this case, fully reconstruct Z and measure the rapidity directly

- but can't separate u and d contributions. Zry F:\lal\rl)idei)tyMRSTm
= - e Data
T 0.3
SF RBURE
D@ result in Z->ee channel 20251 _ |
based on 337 pb : 1] ¢ .
0.2 ;
: ¢
0.15—
Measure differential cross section -
as a function of boson rapidity 0.1—
005 #f DZ Run Il Preliminary
n 3
T e I
Again, high rapidity coverage desirable Y(2)

- large systematics at high rapidity: PDF (10 %), lepton ID (20 %)
Good agreement with NNLO calculation, MRST PDF set.

11



12

W/Z + Jets

Use W and Z to probe jet production.

- presence of boson ensures high Q* pQCD

- Use W / Z to tag event, then study jet properties
- Z cleaner, lower stats.
- W has more background, higher stats.

Aim:
- perform a model-independent analysis:
- restrict phase space of leptons and jets
to measured and understood regions
- cuts on n, pT.
- unsmear jet spectra to the hadron level.
- can then perform unbiased checks against theory:
- ALGPEN, Sherpa, MCFM, MADGRAPH, Pythia...

W/Z + Jets is also an important background:
- studies of the top quark, higgs searches depend on
MC description of W/Z + jets.

e
.



do/dA R [pb/0.2]

Updated result using 320 pb™

W=ev selection:

- pT_> 20, MET > 30, M_>20
- n, <l.1

Jet selection:

- JETCLU (R=0.4)
-E.>15GeV, |n|<2.4

Note: shape comparison only!

LO MC cross sections normalised to data
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W + Jets at CDF
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- matrix element + parton shower,

15

CKKW matching
- also compared to Pythia 6.319
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/ + Jets at DA Sherpa

Comparison of D@ data to Sherpa 1.0.6
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Data / PYTHIA

Data / PYTHIA
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Conclusions

Inclusive W and Z in electron and muon channels:
- precision electroweak measurements (~2% level)
- systematics limited - driving our understanding of detector performance
- benchmark high pT lepton analysis.
- test of NNLO theory prediction, world's best measurement of W width.

Z3TT!:
- challenging analysis, benchmark tau ID
- very interesting for beyond SM physics (SUSY higgs, extra dimensions)

W Charge Asymmetry, Z rapidity:
- build on detailed understanding gained in inclusive measurements
- W asymmetry, Z rapidity provide test of PDF sets, NNLO prediction.

W/Z plus Jets:
- studying pQCD
- important test of different MC: Alpgen, Sherpa, MCFM, MADGRAPH...

The future:
- more new and updated analyses with 1 fb™!

Gavin Hesketh, Northeastern University, Moriond QCD 2006






Tevatron Performance

DO & CDF Run Il Integrated Luminosity through 18 February 2006
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The Experiments

I|=1..-"'

Silicon and fibre trackers in solenoid field
Liquid Argon & Uranium calorimeter
3 layer muon system, with toroid magnet

m Silicon tracking detectors

m Central Outer Tracker
(drift chambers, COT)

® Solenoid Coil

m EM calorimeter

m Hadronic
calorimeter

B Muon scintillator |
counters i

m Steel shielding



Corrected Asymmetry
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W Charge Asymmetry .

NLO RESBOS (F. Landry, st al. Phys Rev.D67.073016 2003)
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W + Jets at CDF .
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SHERPA / CKKW: Which jets ME, which PS?

N-jet events:

Parton Shower jefs Matrix element jets

(20 (-Et:"v’]"g e

Hiet 3
Hard Separated in space
Pl ~min{pd L ph ) [On - m) (8- )]
y*.? - & yi_‘i' =] §

1. 710 (1.N): partons
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Asymmetry
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