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Outline

* W production charge asymmetry
* W uv(Dd)and W — ev (CDF) 5 | .
e direct method in W — ev (CDF) e g e
Booster Vs = 1.96 TeV
* Z — ee forward/backward asymmetry (CDF)
e Summary S
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W boson production charge asymmetry

* u quarks typically carry more of a

proton’s momentum than d quarks 3.0
* W goes in the proton direction 25
* \W-in the antiproton direction 2 50
* Use this difference to get : '
information about the proton’s % LE
u and d distributions — PDFs T 1.0
do do L
— (W) = —(W")
) dy 0.0
A(yW) = do do
— (W) + — (W)
dy dy
u u
(%) = (%)
N 00 u
S %) T (%)
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Q2, x reach

Traditionally, PDFs are
measured in deep inelastic
scattering — high energy
electron-nucleon interactions.

W asymmetry measurements:

My
Q2 ~ 2, X = —— ein
wh X =g
for lyw| <2 (W — pv, DO)
0.0056<x<0.3

for lyw| <2.5 (W — ev, CDF)
0.003<x<0.5
*
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QZ2, x coverage for CDF, D@,
HERA and fixed target experiments

<» CDF, W > ev

<P DI, W - pnv
E= HERA Standard DIS

£ HERA ZEUS BPT
V77 HERA Shifted Vertex

[ Fixed Target Experiments

x = momentum fraction of parton
Q2 = square of momentum transfer



Lepton charge asymmetry

* W asymmetry difficult to measure
* neutrino longitudinal momentum
* Lepton pseudorapidity is available
* Lepton asymmetry is a
combination of the W asymmetry
and V-A interaction from decay
* at higher lepton transverse
momentum, V-A contribution is
smaller, A(y,) is larger
* at higher lepton rapidity, V-A
contribution is larger, A(y,) is
smaller
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* For all muon momenta
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W — nv (DQG) and W — ev (CDF)

W — uv W — ev Tight selections to reduce

L = 230 pb™’ L =170 pb™’ charge and event misidentification
pr > 20 GeV Et > 25 GeV charge misid =104 for W — pv

Inl < 2.0 Inl < 2.5 e

g, > 20 GeV 2, > 25 GeV =10~ for W — ev

M; > 40 GeV 50 < M; < 100 GeV

Analyses done bin-by-bin

D@ transverse mass distribution CDF charge misid vs pseudorapldlty
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PRD 71, 051104(R) (2005)
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Asymmetry vs pseudorapidity

W — uv W —> ev

1 E COFJL 17078 —
- E, > 95 GeV Statistical and

total uncertainties

DO Run Il Prellmmary L~230 pb-
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PRD 71, 051104(R) (2005)

W production and decay are CP invariant;
fold the asymmetry to increase statistics.

Statistical uncertainties comparable to or
Y much larger than systematic for [n| = 0.4
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Asymmetry in E; bins (CDF)

Improve correspondence 3 p ol unaaratics
between n, and yy,

For a given 1, E; regions _
- "E —CTEQS.1M

probe dlfferent ranges of azE e

yW (X), h|gher ET bin covers NLO RESBOS (F. Landry, et al. Phys ReviD87.073016,2003)

a narrower y,, range

p, ambiguity is a smaller

effect for high-E- electrons CDFI 170p

04E735 <E_ < 45 GeV

25 < E; < 35 GeV
35 < E < 45 GeV

— CTEQ6.1M
--- MRST02
NLO RESBOS (F. Landry, et al. Phys Rev.DA7:073016,2003)

Correcied Asymmetry

P % PRD 71, 051104(R) (2005) .~
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Direct W asymmetry method — CDF

C
v
A
Q|

Reconstruct y,, distribution
W mass constraint

Weight the two solutions
weight takes production and decay into account

depends on cos0*, Y, ,, P% (Y4 2), Yw

lterate since weight depends on y,,

* = angle of charged lepton in W frame

- /
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Projected uncertainties of direct method

o Uncertainty of PDF 40sets for W and Lepton Asymmetry
Compare expected statistical

—a—— W Asymmetry for 400pb

uncertalntles In VV asymmetry SO —i_ biggor?aﬁftzrrg;ng%régé:ﬂogggs for W Asym.
and Iepton asymmetry W|th - Unceirtamty ofCT!EQGM PDFsEﬁDr Lepton
CTEQO6M error sets . ' | e e |

I

:
400 pb~' Pythia events >
Ef> 25 GeV <
F. > 25 GeV

"'CBF ‘Runtl prolected uncertamtles (4ﬂﬂpb"')“ ]
PRELIMINARY :

0 1 2 3
W(Black) or lepton{(Blue) rapidity

Direct method for W asymmetry
measurement shows improved
statistical uncertainty

Estimated systematics are small
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Z — ee forward-backward asymmetry (CDF)

Interference between y*) and Z exchanges q>]$f<e o q>,%,<e
_ T o

Interference depends on M, q e q
Primarily y* exchange below Z
Z exchange at Z
Z/ly exchange above Z
q > < q Colne A(1+cos?0) + BcosoO
dcos6
A and B depend on g¥f g3¢ Q, and Q, Arg = SHETHIR) = ClEes=)
and are related through the e 6(cos0>0) + (cos0<0)
forward-backward asymmetry, Agg = aA . N — Ng
N + Ng

*
— ‘ Susan Blessing

7



12

Arg distributions

—4

Probe relative strengths of Z-q couplings;
sensitive to u and d quarks separately

4]

» o

1R

[

500 GeV Z°

[l I s I
on = R

N f J.L. Rosner, PRD 54, 1078 (1996) .
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Determining Agg

Since it's a ratio, reduced systematics of luminosity, acceptances/efficiencies
CDF Run Il Preliminary 364 pb

bkg bkg —
Ne—Ng™ Nz —Npg = 600
A = ap dg °
FB — bk bk = 300
Ne— Ng®  Ng— Np® 3
a - a S 200
F B =
5
Correct for background, k:
acceptance/efficiency
200 300 600
Acceptance is symmetric; distribution is not Generated M., (GeV)
shifts Agg within a mass bin :
Event migration between bins Use a matrix based on MC
large correlations between bins events to “unfold” raw A
near Z pole distribution (correct for
ISR and FSR acceptance/efficiency and smearing)
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Unfolded Ay distribution

Agreement with LO SM calculation
COF Run | Preliimina:‘ysﬁid-pbq is xz/dof =10.9/12

No evidence for additional gauge bosons

ZEUS-po I-au-vu-PDF {pral.}
I total uncert.
uncorr. uncert.

[ H1'au'vu'PDF @

..calczf.lla
- Unfolded (total err).
—FUnfolded(stater )

200 300
M,. (GeVicY)

=

Can fit for quark and electron couplings
Example using 72 pb~" result

Updating to 1 fb-

[—

gt CDF: PRD 71, 052002 (2005) P
* Wichmann, HCP 2006 )
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Summary

Both D@ and CDF are measuring W and Z/y asymmetries
useful for constraining PDF fits
for gaining information on quark and electron EW couplings
for searching for additional gauge bosons
and, of course, for testing the Standard Model

Both experiments have significantly more data available,
over 1fb~1, and are making progress on extending these
analyses to include this data.
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Lepton asymmetry and p cut

Lepton Asymmetries
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—— without P cut
—— with P cut > 25 GeV

-0.5 0.5
Rapidity vy
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DJ overall efficiency ratio

Overall efficiency ratio = product of individual ratios

L2 muon trigger efficiency
L3 track trigger efficiency
Offline muon reconstruction efficiency
Offline tracking efficiency
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rapidity

% = 0.99 + 0.01
v2/dof = 0.71
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DJ charge misidentification

1. Only isolated muons 3. Plus additional y2/dof

Sample of 10,000 ee events.
After all selection cuts,

only one same-sign

event remains.
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charge misid rate

Wl * Cross checks

* no Zinvariant mass cut

* reduced muon pT cut

* use other triggers

e study misid in GEANT MC

No difference

9
© [0
P "é}
e =
— 0
006 L
S €
%nom %
T S
c .C
3] (&)

Charge misid rate = (0.01+£0.01)% for In| < 1.0
(0.01£0.05)% for n| > 1.0

inflate uncertainty at
[ ,%’ high |n| due to low statistics
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D@ systematic uncertainties

e Data * Background
* differences in efficiencies for pu* * PMCS modeling of EW
and u- :, backgrounds
e take 7 =1.0and use * muon energy in calorimeter
uncertainty as a systematic * hadronic energy scale (&;)
* charge misidentification * uncertainty in signal isolation
efficiency

* uncertainty in background
isolation efficiency

Vary everything by t1c,
use change in asymmetry as uncertainty.

< Susan Blessing
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DY magnet polarities

Solenoid polarities

® Solenoid Forward

¥ Solenoid Reverse

2
rapidity

® Toroid Forward

v Toroid Reverse

Toroid polarities
Data is 50.7% : 49.4% 245 0 S e ity
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W — nv (DQG) and W — ev (CDF)

W — uv W — ev z

o
Z — uu Z — ee E
Z —> 1T, T—> UV W 1tv,t > evw E

W —>1tv, 7> uvv  QCD multijet
QCD multijet

..CTEQ6.1M.{.

error set

CDFI, 170 pb *

Pseudorapidity

% PRD D 71, 051104(R) (2005)
e Susan Blessing \ Yy
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DJ folded asymmetry plot

ot
N

o

0.2 04 06 08 1 12 14 16 138
rapidity

Red curve: CTEQ®6.1M central value
Blue curve: MRSTO02
Combined uncertainties.
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CDF W asymmetry weighting

P.(cOS8; 5, Y14 P1) = (1 F c080*)2 + Q(yy, P¥ )(1 £ cosH*)2

valence-valence ratio oftwo sea-sea
distributions

P,(cos0;,, V1, pr) ?43’1,2)

W+ events W- events

valence-valence valence-valence Y

Sea-sea
Sea-sea

-1 -0.8 -0.6 -0.4 -0.2 O 0.2 0.4 0.6 0.8 1
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CDF Z — ee mass distributions

CDF Run Il Preliminary 364 pb” :
Low mass region
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CDF A background
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