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Introduction/Overview

* Events containing W & Z bosons tell us about:
— EW physics (of coursel)
— phenomenology of high energy (anti)proton-proton collisions
— the D@ detector
* Topics
— Single W/Z boson “EW”

* W boson mass
 Zboson forward-backward asymmetry = sin?6,,°f

— Single W/Z boson “QCD”
* Zboson transverse momentum and ¢*,
e Boson rapidity
— Di-bosons
— Longer term future of EW physics
— A few personal reflections
* In this talk | shall cover measurements using exclusively the leptonic
decay products of W and Z bosons

— Bob’s QCD talk (jets produced in association with leptonically decaying W & 7)



W boson mass (W—ev)
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W boson mass (W—ev)
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W boson mass (W—ev)

Source Public. 2009 Public. 2012 | Proj. Proj. Proj. 10 fb—!
(1.0 b= 1) (4.3~ | 10fb~! 10 b~ improv.| improv. +|[EC]

Statistical 23 13 9 9 8

Experimental syst.

Electron energy scale 34 16 11 11 10

Electron energy resolution 2 2 2 2 2

EM shower model 4 4 4 ﬂ 2

Electron energy loss 4 4 4 2

Hadronic recoil 6 5 3 3 2

Electron 1D efficiency ) 1 1 1 1

Backgrounds 2 2 2 2 2

Subtotal experimental syst. 35 18 13 12 11

W production

and decay model

PDF 9 11 11 11 5]

QED 7 7 7 3

boson pr 2 2 2 2 2

Subtotal W model 12 13 13 12 6

Total systematic uncert. 37 22 19 17 13

Total 44 26 | 21 19 [L5]

combin\;tion: 23
Jan Stark DO collaboration meeting, June 2014 7

* An opportunity/need for new people to get involved in EC analysis!
 D@’s most important legacy from Run II?



/ boson forward-backward asymmetry

YN

e Sensitive to couplings of u and d quarks
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Z boson transverse momentum

e Z—eeandZ—uy, 1 b

* Unfold p;* resolution
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Study of Z boson transverse momentum using ¢*,

7 ,
(lepton1) pT aT p(lepton2) oF = tan Pacop blIl(Qx)
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....................................... - +
cos(f, ) = tanh (%)

Recoil

Measured using only the directions of the leptons and thus very well measured
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e Zboson rapidity distribution is sensitive to PDFs
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e Zboson rapidity distribution is sensitive to PDFs
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W boson asymmetry and PDFs

down down

antiquark quark up antiquark

up quark
 uquark PDF is harder than d quark PDF

— «9 > «--9 . W+ (W) tends to be boosted along proton

(antiproton) direction
e asymmetry = (N*-N-)/(N*+N")
' '  We actually observe the charged lepton

positive muon negativemuon — Left-handed couplings in W production and decay
partially washes out asymmetry
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W boson asymmetry and PDFs
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Di-bosons: ZZ production

ZZ —|lvv

| (D)DO 8.6 b pataquy) |
. []zzsig. [z bgd.

10° . JWW bgd. []Other bgd. |

4 b
10 10 20 30 40 50 60 70 80 90 100

pr (GeV)

i

zz -l
5 - DO, L<9.8 fb” —=-Data (a)
! []zz
i []Instrumental
> 4r [] Migration
° I Higgs Signal x40
T 3 :_ 4+ MH=1 25 GeV
8 I — gg—H-ZZ
w .
€ 2 H ZH
>
- ‘

L

ZZ cross section measurement of 1.327922(stat) +

-0.25

0 L1l LAl 1Ll 1 L
0 50 100 150 200 250 300 350 400 450 500

Four-Lepton Invariant Mass (GeV)

0.12(syst) = 0.04(lumi) pb.

consistent with the standard model expectation of 1.43 = 0.10 pb.

13



Events / Bin

Di-bosons: WZ production
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e LHC will dominate here

— higher di-boson mass
— higher L
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Precise EW measurements in the future

* sin%0,,"starts to look like the
poor relation in this plot!

— Significant theoretical progress
would be required in the
interpretation of more precise
experimental measurements in
this area!

* W mass, sin%8,,, etc.
— Measurements possible at LHC
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* Competitive with the LEP/Tevatron precision

* New e*e” machines running at vs = m,, Vs = 2m,,, Vs = m,+m, and Vs = 2m

— could give order of magnitude or more improvements

* e.g., sin?0,, from polarization and forward-backward asymmetries

* eg., Amy,~0.5-1.0MeV, Am

top

~100 MeV, Am, ~ 50 MeV?

top
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There were some disasters along the way

Magnet misalighments

Lack of beam orbit measurements
Lack of simulations

L= 0.1 fb!/year in the first two years
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Luckily, total disaster was avoided ...........

“There are many challenges facing you in the coming months
and years but the systematic approach to solving problems
that has been characteristic of the past year will serve the
Laboratory well. ...... We are particularly pleased with the
palpable change in the Accelerator Division under the
leadership of Roger Dixon and Dave McGinnis”.

— March 12 2004: Don Hartill — chair, board of overseers

9 : = / 17



....... but there were casualties

 Abandonment of plan to move to 108x108 bunches
e Cancellation of the Run 2b silicon tracker replacements

w Run Il Integrated Luminosity 29 Mol 200230 Septeber 2011
e [T [ T[] A
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e ~ Constant luminosity/year over last 4-5 years of programme
* In spite of this we did manage to avoid the “spiral of death” 18



Some disasters never happened ...
(although we got very worked up about them at the time ;-)

e.g., HEPAP manpower projections 2005

Total Personnel:
CDF PI FTE-FNAL DG/CDF & ATLAS/CMS - all together
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* an important point
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