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Introduction

e W—lv and Z—ll have very clean and distinct signatures
= low backgrounds, high statistics = precision measurements

I q l,q
Vl’ q' l+’ q
o(pp—W= —Iv) ~ 2775 pb o(pp—Z° —I*I") ~ 255 pb

* W and Z boson decays can be used to:
¢ Constrain parton distribution functions (PDF)

- W charge asymmetry
- Z rapidity

¢ Make precision measurements of electroweak parameters
- W boson mass (Higgs mass constraint)
- W boson width
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W/Z Bosons at CDF

%

Z events:

« 2 high p; charged leptons
(uw'uw ore’e’)

» Both charged leptons are
detected and their
momenta/energy measured

Muon

Hadronic recoil

W events:

« 1 high p; charged lepton, 1 high p;
neutrino (uv or ev).

» Charged lepton is detected and
momentum/energy measured

» Neutrino escapes detection
p1’ is inferred by the “missing E;”
in the detector.

Hadronic recoil
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W Boson Charge Asymmetry

C’\l-\ ud—W+ du—\W-

2 - +
g‘ s iEhttp://durpdg.dur.ac.uk/hepdata/pde.html A W W
= Q2 = 6400 GeV?

MRST2004NLO

Fraction of proton

momentum carried

by quark . >
/ <«—antiproton proton ___~

d — do(WT)/dy —do(W™)/dy
@) u_ ' (p) Alyw) = do(W+)/dy + do(W—) /dy
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W Boson Charge Asymmetry

T S < /;' 3 L > « L 1
O—~<==> <<=1 O<== <<= » Rapidity distribution of the W boson:

— Boost Boost =—— Convolution of V-A and PDF’s

%/ %/ « Observables, do/dn,, include
"""" §----mo- IRl convolution with V-A structure
% /%/ of the weak decay
at W rest frame at W rest frame

et <:| = spin v —e— W production charge asymmetry

C —4—— Lepton charge asymmet : §
06— i P ge asy Y e 8.
- A : 3 3 3 3 . 2

Dok : : : i Pe :
(V4[N SRR, R— S— ———— .;.‘! ............... -

Alyw) = LW )/ dy — da(W—)/dy S0 TRV T NN NN 00 N
Y do(WH)/dy + do (W) /dy

do(et)/dn — do(e™)/dn 04_.' ........... e ........ - ........

Al =
() do(et)/dn + do(e™)/dn B e s

generated rapidity[y,, & 7]
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W Boson Charge Asymmetry A(y)

e p,Y determined by constraining M, = 80.4 GeV arXiv:hep-ex/0901.2169

- two possible y,, solutions

e Each solution receives a weight probability according to:

V-A decay structure

W cross-section: o(yy)
) ) Analysis method:
e Process iterated since o(y,,) depends on asymmetry arXiv:hep-ph/0711.2859
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Z Boson Rapidity

r, New 2.1 fb-! CDF measurement
(Z—ee events with |n,|<2.8)

CDF Run Il Preliminary with 2.1fb”
Lo~ 1 aee
T ) L[CP)

LIPP)
Z rapidity (y) is dependant on x, ,
A measurement of do/dy constrains PDFs
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cbserve complete kinematic range

Parton momentum fraction(x)

CDF CDF CDF
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Z Boson Rapidity

arXiv:hep-ph/0901.002

e Jan'09: new PDF fits from MRST group (now MSTW)
— first fits including the Run |l data: electroweak asymmetries, Z—ee rapidity

distributions, QCD jet production
» W/Z data constrains mainly up and down quarks

e Extract mainly d(x)

MSTW 2008 NNLO PDF fit, x2 = 50 for 29 points
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W Boson Mass Motivation

e Derive W mass from precisely measured electroweak quantities

2 JTOCem
Y26, sin? 6, (1- Ar)

m

e Radiative corrections r dominated by top quark and Higgs loop
=>allows constraint on Higgs mass

W mass uncertainty
0.031% (25 MeV)

W W
w w

Higgs mass predicted: 84+34,, GeV

* Progress on W mass uncertainty now has the biggest impact on
Higgs mass constraint

« With improved precision also sensitive
to possible exotic radiative corrections w w

Lake Louise 2009 Oliver Stelzer-Chilton - TRIUMF 9




W Boson Mass Momentum Scale Calibration

o CDF Il preliminary J‘Ldtz200 ol Exploit [arge J/w and Upsilon
- I o datasets to set momentum scale
0.001 __ MEPS
| o Tune resolution on width of di-muon
T | mass peaks
-0.002| T '
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-0.003 ' ' ' I . . . I ! .
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s | L—y Hﬁ i | S, = 1+ 0.00025,,,
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W Boson Mass Fits and Results

Fi ransverse m momentum and missin Phys. Rev. Lett. 99, 151801 (2007)
» Fit to transverse mass, momentum and missing Phys. Rev. D 77, 112001 (2008)
energy distributions CDF Il preliminary L dt ~ 200 pb™
CDF Il preliminary IL dt = 200 pb'1 E : W%e\/

% i Weu\/ " %1500_—
%’ . t [
: 1“”“__ 1000

i L M, = (80493 + 48__) MeV

soo— [ M, = (80349 + 54__) MeV r J2ldof = 86 / 48

- y?ldof = 59 / 48 :
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D@ Run| s | Mw = 8041 3134statis4syst MeV e
pELPHI * soassze7 | |Otal uncertainty of 48 MeV 3 wosof
L3 —— . =
oPaL _.._41 — worlds most precise oy

80416 + 53

ALEPH *s0a0: 51 single measurement
CDF Run Il (prel.) —— . .
World Average 2007 B :::;: ; :: : U n Coe rta] n ty red u Ced 80.20 | Hewlnemeyer. Hollik, ISlwiT\::rTVZ:;lieiglem ‘08
30400 an;_‘!‘l’]\lfja suglmn:lj 5‘(:]\:],03, 2)30%00 agéuu ~1 5/) (29 to 25 MeV) 160 I ‘155| - l17(ri:_lI [‘Gle\lf‘l]'fsl - I180I — l165
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W Boson Mass Systematic Uncertainty

Systematic uncertainty on transverse mass fit

CDF Il preliminary L =200 pb"
m Uncertainty [MeV] Electrons Muons Common
Lepton Scale 30 17 17
Lepton Resolution 9 3 0
Recoil Scale 9 9 9
Recoil Resolution 7 7 7
u, Efficiency 3 1 0
Lepton Removal 8 5 5
Backgrounds 8 9 0
pr(W) 3 3 3
PDF 11 11 11
QED 11 12 11
Total Systematic 39 27 26
Statistical s 4@ i B s
Total 62 60 26

I Have a large statistical component

I Scale partially with statistics

J External input — new PDF’s very timely!
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W Boson Width

Fit for T, in the high transverse mass tail Phys. Rev. Lett. 100, 071801 (2008)
for W—ev and W—uv char1mel - P
CDF Run Il ( 350 pb ™) |
> — Gaussian
® Fy =(1948+ 67) MeV
8 10, J2Idof [fit range] = 17/21
% i J2idof [full range] = 21/29 o
§ 103;_ « W - v data
w — W - pv MC + bekgd
* B bckgd G s 1 15 2
10%

- [MeV]

= 2231+ 172 n DZ (RUN-1)

- 2052 = 128 — CDF (RUN-1)

101 2011 = 142 n D (RUN-2)*
- 2032 = 73 —a—t CDF (RUN-2)
; E 1’ 2037 + 65 —a—t CDF (RUN-1,2)
: R e I‘ s P I i " 2050 = 59 —— TEVATRON*
50 100 150 200 2196 = 84 — . LEP-2*
MT (”V)(Gev) 2097 + 48 SM World Av
¥?/df = 3.3/5 *: Preliminary
Iy = 2032 + 73 (stat + syst) MeV 18719 2 2i 22 23 24 25
Iy, [GeV]
World’'s most precise measurement! (reduces average uncertainty by 20%)

(T, $M = 2091 = 2 MeV)
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W Boson Mass Outlook

 Projection from previous Tevatron measurements coFpimiay [ L2238
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» Expect AM,, < 25 MeV with ~2 fb-" already collected

CDF II preliminary j Ldt=23fb" =
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e New precision measurements of the W/Z asymmetries start

testing accuracy of our knowledge of the proton structure
- Latest Z boson do/dy measurement now included in MSTW2009

e Precision measurements of the W boson mass and width are the
single most precise for one experiment
- m,, = 80413 + 48 (stat + syst) MeV
-y = 2032 £ 73 (stat + syst) MeV

e Global electroweak fits favour low Higgs mass
- my = 8434, GeV, m, < 154 GeV @ 95% C.L.

o« AW boson mass measurement from CDF with 25 MeV uncertainty
will significantly improve the Higgs constraint
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