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W Boson Physics at LEP will be covered in the talk by Monica Pepe Altarelli.
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W Bosons Detected
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Years of Collider Runs (SPS, Tevatron and LEP 1)

Tevatron Runs. *Run“0” =1988-89, [Ldt~ 4 pbl(CDF only)
* Run“1A” =1992-93, [Ldt ~20 pb!
« Run “1B” =1994-95, [Ldt ~90 pb!
* Run“1C” =1995-96, [Ldt ~20 pb!
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W and Z Production Cross Sections

pp - W+X pp » Z+X
The W and Z bosons are detected viatheir leptonic decays. W - ev,uv, v Z - ee, Ul
For the e and n channels, one selects events with:
W: one isolated high p; lepton (>20-25 GeV/c) + large missing E; (>20-25 GeV)
Z: two isolated high p; leptons (>20-25 GeV/c)

Backgrounds are typically < 15% for W, and < 5% for Z (due to QCD, cosmic rays, €etc)

Typica candidate samples are:
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W and Z Production Cross Sections (cont.)
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Theoretical prediction at O(0?):
* Hamberg, van Neerven & Matsuura, NP B359, 343 (*91); van Neerven & Zijlstra, NP B382, 11 (‘92).
¢ Uses CTEQ2M pdf.
 Error dominated by pdf uncertainties (3-5%).

Results: oywB(W - 1v) (nb) 0,-B(Z- 1l) (nb)
DO(e) (Run 1B) 2.38+ 0.01 + 0.09 + 0.20 0.235 + 0.003 £ 0.005 * 0.020
DO(u) (Run1B) 2.38+ 0.03+0.17 £ 0.13 0.176 £ 0.011 £ 0.020 £ 0.009
CDF(e) (Run 1A)2.49 + 0.02 £ 0.08 + 0.09 0.229 + 0.006 + 0.007 + 0.008

Theory 242 +0.12 0.226 + 0.010
An important verification of QCD and pdf’s.
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W and Z Production Cross Sections (cont.)

W -5 v

e Event selection (DO):

* Use hadronic decay of the 1, so require isolated,

narrow, high E; jet with few tracks.

* Eq(et) >25GeV, missing E; > 25 GeV.

o Jet width < 0.25 (RM S width in n—@ space)

»  Profile>0.55. Profile= (sum of highest two
tower E;’ 9)/(jet Ey).

e QCD background estimated using the Profile
distribution.

e Find 1,202 events, with abackground of 222 +

16 events, in 17 pbt.
mPp o,°B(W - 1v)=238+0.09+0.10nb

Fb\rNEZ _ 0, [BW - 1v)
X0 g, BW - ev)

mp 0,"/g." =1.004 + 0.019 + 0.026
[Using Run 1A published 0,,*B(W - ev)]

DO . 1.004£0.032
World -
Average - 1.00340.025
I I I
0.8 0.9 1 1.1 1.2
W W
g /G
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W Boson Width

I ndirect M easur ement,
from Ratio of W,Z Cross Sections

o(W) [B(W - Iv) _ [o(W)
oa(Z)B(Z - 1) ~ Eo2)

B(W - 1)
B(Z - II)

R=

Using: R=10.48 + 0.43 (DO Run 1B preliminary),
o(W)/o(Z) = 3.33 £ 0.03 (theory), and
B(Z - II) =(3.367 £ 0.006)% (LEP/SLC)
Wefind: B(W - Iv) =(10.59 + 0.44)%

Using: the above value of B(W - Iv), and
rW - Iv)=225.2+ 1.5 MeV (theory)
Wefind: Iy, = 2.126 + 0.092 GeV

Standard Model value: I, = 2.077 + 0.014 GeV

Comparing this SM value to the published world
average of [, = 2.062 + 0.059 GeV gives an upper
limit (95% CL) on unexpected decays of the W (such
as W decays into supersymmetric charginos or
neutralinos, or heavy quarks) of:

AT, < 109 MeV

<— Theory, 957%
UA1
® Muon 3 UA2
B  Electron ° CDF 89
- CDF 89
CDF 1A
CDF 1A
—
o D@ 1A
o DZ 1A
o D@ 1B
o 2 Dbo1B
CDF, Direct 1A L
CDF, Direct 1B -
| World Average
\ \ \
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(W) (GeV)
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W Boson Width (cont)

Direct M easurement, From Transverse M ass Lineshape
M2 = 2E,E; (1-cosg™)
i CDF Preliminary

0 T | | | N B
Transverse mass lineshape E
Tail region of M issensitiveto I',,. I (normalized to unit area)
Direct measurement avoids using i for Iy=1.9,1.7,...,2.5 GeV
theoretical inputs. 10 F :

e M- lineshape modeled with afast M C that
uses the standard CDF W mass
measurement detector ssimulation.

e Afitisdonetothe CDF M data (210 10° 1
eventsin a110 < M < 200 GeV window) ;
to the signal M C + background for various
valuesof I",,. Largest systematic
uncertainties are due to recoil modeling -
and electron energy scale. —4

40 60 80 100 120 140 160 180 200

M:(e,v) (GeV)

W Boson Physics at the Fermilab Tevatron Collider 8 Ronald J. Madaras, LBL



W Boson Width (cont)

CDF Direct Measurement, Run 1B

CDF Preliminary
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=P [ =219+ 0.17 (stat) + 0.09 (syst) GeV
(SM value T, = 2.077 + 0.014 GeV)
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Rare W Decays

e AttheFermilab Tevatron, o(W)~23nb 0 3 x 10° W’s produced in 130 pb.

e RareW decays provide precision tests of the Standard Model.

W - 1y
Theory estimate: I'(W - 1y)/T (W - ev)~ 3x108

e Previousexp.limitss CDFRunlA  <2x103
UA2 < 5x103

e CDF Run 1B Anaysis (accepted for publication in Y
PRD Rapid Communication): -

» Choose events with one isolated high P, photon F
(>23 GeV/c) and one jet consistent with asingle,
isolated charged pion (>15 GeV/c), separated by
A@>1.5 radians, and no other jets with E>15
GeV.

» Find 3 events consistent with signal (T-y mass
within £30 of M,,).

« Background estimate of 5.2 + 1.5 events (from
QCD direct photons).

2 - —o
geA~4%, [Ldtt = 83 pbr +

Number of Events/ 4 GeV/c?

~ 0y, B(W - my) < 1.7 pb (95% CL)

N

S T(W - my)IM(W - ev) <7x10% CEEE

70 80 90 100
-y Mass (GeV/c?)

110
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Rare W Decays (cont.)

W - Dy
Theory estimate: T'(W - Dy)/ T(W - ev) ~1x 107

e Event sdection: CDF (Run 1B) Analysis
» Oneisolated high P, photon (>22 GeV/c).
* Oneisolated high P, D_ candidate (>22 GeV/c).

”? Ds - @, ¢ - KK
» DS — K*OK, K*O - Kp
* Find 4 events consistent with signal (D,y mass within 3o of M,,).
e Background of 4 events using D sidebands (from QCD direct photons).

o & A~7%, [Ldt =82 pb?
e - 0,°B(W - Dy)<274pb(95%CL)
o - T(W- DWIW - ev)<11x102 Firstlimit on thisbranching fraction!

4 N — : : 4
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Trilinear Gauge Boson Couplings

Standard Model (SM) predicts the existence of gauge boson self-interactions, and makes
unique predictions for the strength of these trilinear gauge boson couplings.

M easurements of these couplings test the SV, and any significant deviation from SM
predictions would be compelling evidence for new physics.

The direct measurement of these trilinear couplings (\W\Wy, WWZ, ZZy, Zvyy) is possible by
measuring diboson production at the Tevatron:

q Y q Z

>K —>  Wyevents >K —  WZ events
q W q W
q Y q W

>% —>  Zyevents >4§-< —>  WW events
d Z g W

WWV (V=y or Z) couplings characterized with the parameters A, Ak, (=Kk,-1), and Ag,”
(=0,V-1), which all equal Ointhe SM.

Z\y (V=y or Z) couplings characterized by h,," and h,,", which also equal O inthe SM.

To obey unitarity, all couplings multiplied by aform factor (1+5/A2)",n=2(WWV), 3(hy,") or
4(h,,V), sisthe sguare of the sub process CM energy, and /\ isaform factor scale,

Anomalous (i.e. non-SM) values of the coupling parameters increase the production cross
section and enhance the p; spectrum of the gauge boson for large p;.
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Trilinear Gauge Boson Couplings (cont.)

WYy Production
e Event selection:
* |solated high p; muon or electron, plus missing E;
* Isolated photon with E; > 10 GeV (DO) or > 7 GeV (CDF)

Main background is W+jets, where jet fragmentsinto at®, and 1° - vy.
e Number of candidate events = 127 with 93 pbt (109 with 67 pbt) for DO (CDF)
Binned likelihood fit to p,(y) spectrum. L

D@ Combined

e DOlimitsat 95% CL (A=1.5TeV): °° T -
© -0.93<Ak,<0.94 (for A =0) 04 it
« -031< A, <0.29 (for Ak~0) o2 [t L N 1 ]

e Independent of WWZ vertex (unlike WW
production).

e First direct evidence that the photon couples to 3
more than just the el ectric charge of the W 04 [
boson. (U(1)g,-only coupling ruled at 95% CL ) =

e N
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Trilinear Gauge Boson Couplings (cont.)

WW - Iviv (I=¢ep)

e Event selection:
»  Two isolated high p; leptons (p;>15-25 GeV/c).
*  Missing E; > 20-25 GeV.

e BackgroundsduetoZ - tt, Drell-Yan and t-tbar

e Reasllts

° fLdt Events Background
DO 97pbl 5 31+04 === g, <37.1pb(95% CL)
CDF  108pb! 5 12+03 == 0, =10.2+6.3/-51+ 1.6 pb

Standard model prediction Oww =95+ 1.0pb

® Limits on anomalous couplings:

CDF fitsto the total number of events
DO fitsto the lepton p; spectrum, which gives better limits (A=1.5 TeV):

-0.62 < Ak <0.77 (for A=0)
-0.53< A <0.56 (for Ak=0)
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Trilinear Gauge Boson Couplings (cont.)

WW, WZ -

e Event selection:

i, ) (F=ew)

» Oneisolated high p; lepton (p; > 20-25 GeV/c).
»  Two or more jetswith E; > 20-30 GeV, and invariant mass consistent with aW or Z.
*  Missing E; > 20-25 GeV, or asecond high p; lepton for |ljj events.

Large background from W+jets.

CDF uses events with p(jj) > 200 GeV/c to get anomalous coupling limits (110 pbL).
DO uses a binned likelihood fit to the p+(W) spectrum to get the coupling limits (96 pbL).

Limits assuming K= K, and A=A,
CDF
A =2 TeV (inner)
A =1TeV (outer)

4:\ ‘ T T T ‘ T T T ‘ T T T ‘ \:

3 E —— 95%CL limits E

= -- Unitarity limits E

2€ 3

N TE =

I O; -

& C

~—1F 3

f2§, E

fj)? =
i4:w | | | |

K'=x"
DOlimits(A=2TeV) -043 <Ak <0.59
-0.33< A <0.36
CDF limits(A=2TeV) -0.49<Ak <0.54

-0.35< A <0.32

Limits assuming SM WWYy couplings

D@ N=15TeV
-
1
05
0 SM
-1 I 1

-1 05 0 05 1 Ax,

U(1)gy-only coupling (k,=A,=0 point) excluded
at > 99% CL by both experiments, thus
providing first direct evidence for WWZ
coupling.
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Trilinear Gauge Boson Couplings (cont.)

Zy Production

D0 and CDF have each measured Z(ee)y and Z(jupt)y production. DO (CDF) finds 35 (33)
eventsin ~105 (67) pb1, with abackground of 5.9 (1.4) events. The measurements agree with
SM expectations. Limits on the anomal ous coupling parameters are found using a binned

maximum likelihood fit to the photon E; spectra.
Z(W)y

DO has measured Z(vv)y production, and this provides
the most sensitive limits,

Advantages are alarger branching ratio, no
contributions from radiative processes of final state
leptons, and higher detection efficiency (only one final
state particle). But the backgrounds are much higher.

Tight selection cuts: E;Y > 40 GeV, missing E; > 40
GeV, no jetswith E; > 15 GeV.

Reduce W - ev background with “hit counting” in the
tracking chambers.

Reduce cosmic ray muon bremsstrahlung and beam
halo background with “photon tracking” (to seeif they
came from the interaction vertex) and “ muon
detection” in the finely segmented calorimeter.

Find 4 events, with a background of 5.8 + 1.0 events,
in 13 pbl. Expect 1.8 + 0.2 events from the SM.

Anomalous coupling limits found using a binned
maximum likelihood fit to the E;Y spectrum.

= 1 C o= L3wy -
E N=T50 GeV-

0.75 - . 1
05 E
025 - pesoncey L Y :
5 D@ vvy..

0f N=750 GeV.

y : D@ combined

025 e P 7 AST50GeV
05y D@lly 7
- CDF lly prelim.; . ]

1| ASB00GeV | .t ]
ST T e I T T P

T T
h

4 3 -2 1 0 1 2 3 4

DO combined limits (A=750 GeV):
lh;y?Y < 0.37  |h,?Y] < 0.05
These are the most stringent direct limits on
anomal ous couplings from any experiment.
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Trilinear Gauge Boson Couplings (cont.)

DO Combined Analysis of WWy and WWZ Couplings

e DO has performed a ssimultaneous fit to:
* Photon p; spectrum in the Wy data
* Lepton p; distribution in the WW dilepton data
* py(W) distribution in the WW/WZ - evjj data

e Limits onthe WWy and WWZ anomalous coupling parameters are extracted from the
fit, taking into account proper correlations.

. WW_dilepton
051 — \ > .. Combined
0 |
051

-1.5 -1

mmp> Limitsfor A=20TeV: -0.30 <Ak < 0.43
-0.20< A <0.20
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Trilinear Gauge Boson Couplings (cont.)

DO Combined Analysis: agg, Oy, Oy, Parameterization
LEP 2 anomal ous coupling results use a different set of parameters:

Og, =4K,-Ag,“cos’d,,
Oy, =Ag,“cos?,,
Oy =A,
with the constraints:
Ak, =- Ak tad,, + Ag,”

A, =
New DO limits on agg, Oy, Oy from the
DO combined analysis:
= o =
cl (a) Unitarity 51 (b)
¥ 6
L D& 95% CL /ﬂzma{ .
oo 0 C
) /)
o~
1 1 Unitarity
1 0 1 1 0 1

Bo

Wo

D0 95% CL (A=2.0 TeV):
-0.77 < 0g, <0.58
-0.22<a,,<044
-0.20<a,, <0.20

LEP295% CL (A=2.0TeV):
-044<ag, <0.9
-0.12<ayy,<0.13
-0.21<a,, <0.27
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Trilinear Gauge Boson Couplings (cont.)

-InL

DO and L EP2 Combined AnaIyS|s

LEP+DO prellmlnary

DO — LEP+DO0
-L3
OPAL
T T T
-2 -1 0 1
. O
Og, at LEP+DO(preliminary)
+0.80
ALEPH —1®— 0287159,
A
+0.33
L3 —v— -0.43 4§33
— +0.61
OPAL Fo—— 0.25 Zg'87
+0.33
LEP - -0.04 1§33
+0.3
Do —0— -0.08 133
LEP+DO - -0.05 133

-0.42 < a, <0.43

-InL

LEP+D0 preliminary

3 T T
1 -
~-ALEPH DO — LEP+DO
113
- OPAL
-1 T T T T T
04 02 0 02 04
a

L Wo
Oy at LEP+DO(preliminary)

-0.

| +0.27
ALEPH — —mt— 0.14 351
A

—v _ +0.11

L3 Y- 0.12 2010

OPAL -0 -0.03 *8 l%

+0. 06

LEP + -0.04 ¥3.98

+0.16

0o —o— 011 *318

LEP+D0O @ -0.03 1838
1 i 1
-1 0 1

Qe

-InL

1 \
-1 -0.5 0 0.5 1

LEP+DO preliminary
™ T T T

~ALEPH DO — LEP+DO

L3
-~ OPAL

aW
ay, at LEP+DO(preliminary)

+0.51
ALEPH - 0.04 T5:27
A

—y— . +0.23

L3 v 0.25 Z5:78

OPAL —fo— 0.05 353

L 000 +0.13

LEP | 0.09 *343

— +0.10

Do o- 0.00 *318

LEP+DO -0.03 ¥3.88
1 i 1
-1 0 1

-0.18<a,, <0.13
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W Boson M ass

The W boson massis afundamental parameter of the Standard model, and is sensitive to top
guark and Higgs boson radiative corrections:

, _ra(M?) 1 1
Yo 26 (b imd) (1- Ar)

t H
Ar~-MZ W------- @ ——————— w Ar-InMy W------- @ ——————— W
b W

Fermilab Tevatron M easurements

e Run 1A (1992-93) data set:
« DOW - ev published
« CDFW - ev,uv published

e Run 1B (1994-95) data set:
« DOW - ev published in PRL, accepted by PRD
« CDFW - pv preliminary
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W Boson M ass (cont.)

W Mass M easurement Method at DO and CDF

PP - W +jets
O
lepton + v
e Measurethe lepton momentum and p, of recoil system.
e Measure E;’ from the transverse energy balance.

e Caculatethetransverse mass, M2 = 2E, E, (1-cosg®), which shows a sharp Jacobian peak at
the W mass.

e Useafast Monte Carloto moda W - |v events.

e Add backgrounds and model the detector. Since the E,” measurement depends on the
momentum of both the lepton and the recoil hadrons, it iscritical to understand the leptonic
and hadronic energy scale and resolutions. Use Z events for calibrations.

e Generale M+ spectrafor various M values.

e Fitthe Monte Carlo M spectrato the the data to obtain the best fit M, value using the
maximum likelihood method.

Event Selection Criteria
|solated, high quality, high p; (>25 GeV/c) lepton in the central region.
Missing E; > 25 GeV.
Hadronic recoil < 15-20 GeV.
Resulting sample of 28K W - ev eventsfor DO, and 21K W - v eventsfor CDF.
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W Boson M ass (cont.)

DO Energy Scale
e Test beam measurements show that the 0.96
calorimeter energy responseis!inear to =
<0.5% for E;*> 10 GeV. o 0.958F
e Thefina normalization and offset of the 0.9561 Combined 10
energy scale were measured with Z — eg, contour
0~ vy, andJy — eecollider data 0.954r
Parameterize £, = 0E, - 0. Seeplot at
e Including systematic errors from 0.95 | M Z - ee
underlying event corrections and non-
linearity at low E,® resultsin: 0'948_J/L|J—>ee
9461
a = 0.953:+0.000¢ 09 6-
5= -0.16°%GeV 0.944r ,
0.9421 |
AM,,(Aa) = 65 MeV, AM,,(Ad) = 20 MeV 094 L L

PEFETEN BPETETE BUEETE | N METENE BPEE AT B B
-05-04-0.3-02-01 0 0.1 0.2 0.3 04 05
Scyy (GEV)
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W Boson M ass (cont.)

CDF Momentum Scale

e The momentum scale of the central tracker is set by normalizing the measured Jy —» pp
peak to the world-average mass. Used 250,000 J Y - pp events!

I i I i I i I i
5000 - ~ points = data u

line = simu(rad.+B)
4000 |- .
3000 - —
2000 |- .
1000 |
0 1 i’ 1 1 1 I 1 I 1 T } T 1r 1
-200 -150 -100  -50 0 50 100 150 200

Measured MJ¥ =3096.2 + 1.5 MeV
PDG avg. MJ¥ = 3096.88 + 0.04 MeV

AMW=07+15Mev - AM,,=40MeV
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W Boson M ass (cont.)

DO Energy Resolution

e UsetheZ - eesampleto constrain the constant term, C, in the energy resolution.

¥ 300F
_ - oo
C..=(L15%2)% % ggg X°/dof = 33.5/39
‘ 5 150?
5 100
AM,, = 20 MeV £ S0¢ o
S % 70 8 90 100 110 120
< m(ee) (GeV)
CDF Momentum Resolution
e UsetheZ - pp sampleand fit for 8 L 218910 ‘g [ CDF@B) Praiminary
M, and o(Up,). g0 ST X1 BestFi
w175 4~ HH e
‘ 150 - G105
125 | &
[ oy 1
AM,, = 25 MeV g S
™ 0.95 -
50 - .
25 09 . 1,20 Contours
0 100 110 905 ol 915

Mz (GeV)
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W Boson M ass (cont.)

Recoil Energy Scale and Resolution

e Usetransverse energy balance of the Z and the hadronic recoil productsin
Z + X collider events to determine the hadronic recoil energy scale and
resolution.

o Z - ee(D0)orZ - pu (CDF) events. Thus the hadronic recoil scaleis
measured relative to the lepton energy scale.

m)» DO: AM,,=20MeV dueto recoil energy scale
AM,,, =25 MeV dueto recoil energy resolution

= CDF: AM,,, =90 MeV dueto recoil energy scale & resolution
(set conservatively, and will improve).
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W Boson M ass (cont.)

Summary of Errorson M, (in MeV/c?)

CDF
Statistica
W sample 100
Z sample (e energy scale) -
Total Statistica 100
Systematic
Muon momentum scale 40
L epton energy resolution 25
Calorimeter linearity -
Recoil modeling 90
W production model 55
Backgrounds 25
L epton angle calibration -
Fitting 10
Miscellaneous 15
Total Systematic 120
Total Uncertainty 155

DO

70
65

95

115
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W Boson M ass (cont.)

Transverse M ass Fits and Results

DO W - ev CDF W - pv
L 7 500
© 700 - ﬂ x2/dof = 79.5/60 § CDF(1B) Preliminary  x/df = 158/139 (50 < M < 120)
> KS Prob = 25% S0 | L x/df = 62/69 (65 < M. < 100)
o i | iMw =80.430 +/- 0.100 (stat) GeV]
E 500 | 300
g r
400
c 200 |+
300 |
i 100
200 4 % T4 ... Fitregiot, _____ i
100 | l 0% 60 70 80 90 100 10 120
P e s e e = UV W s Transverse Mass (GeV)
O50"55 60 65 70 75 80 85 90 95 100
m;. (GeV)
DO: M,y, = 80.440 £ 0.095 (stat.) + 0.065 (syst.) GeV/c?

CDF: M, =80.430 + 0.100 (stat.) + 0.120 (syst.) GeV/c?
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W Boson M ass (cont.)

Direct W M ass M easur ements

80.360 +/- 0.370 . . UA2(W - ev)

80.410 +/- 0.180 B CDF(Run 1A, W — ev,pv)

80.430 +/- 0.155 e CDF(Run 1B*, W - pv)
80.375 +/- 0.120 e CDF combined*

80.350 +/- 0.270 | . . DO(Run 1A, W - ev)
80.440 +/- 0.115 o DO(Run 1B, W — ev)
80.430 +/- 0.110 o DO combined

80.400 +/- 0.090 o Hadron Collider Average*

(50 MeV Common Error)

80.350 +/- 0.090 o LEPI1* (ee - WW)

80.375 +/- 0.064 o World Average

*: Preliminary
| |
‘813 815
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W Boson M ass (cont.)

M,, (G eV/cZ)

My VS My,
80.6 ~80.6
DO 3 MSSM band
805 | CDF P S M,y = 80.375+/-0.064 GeV
S =80.5 - m, =173.8+/-52GeV
Bl S DIRECT
80.4
80.4
80.3
80.2 - Geq\%\ 80.3
i Q
l N\'aé
80.1 B .\gg‘b
| o 80.2
803 140 150 160 170 180 190 200 i NuTe\/
Mtop(GeV/cz) 80 el
150 160 170 180 190 200
m, (GeV)
DIRECT: M,,: UA2+ DO+ CDF + LEP2

M,,,: DO+ CDF

top*
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W Boson M ass (cont.)

Prospects from the Tevatron Collider

e Most systematic errors are still statistics limited.

e Runl Data
» DO: Useforward electrons, final AM,,, ~ 100 MeV ?

« CDF: Finalize u results with smaller errors, and use Run 1B electrons;
final AM,, ~90 MeV ?

« Tevatron: final AM,,, ~75MeV ?
o Run 2 (beginning Spring, 2000):

20 times more luminosity

* DO: new solenoid (use U’'s), new tracking chambers, new preshower
detectors

» CDF: new tracking chambers, new forward calorimeter, extended
coverage

» Each experiment: AM,,, ~ 40 MeV ?
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Conclusions

e Production Cross Sections:

* 0y,°B(W - |v) measured for I=e, p and 1, and al agree with Q0o 2) theory.
« g"g2=1.004+ 0.032

e W Boson Width:
- Indirect: I, = 2.126 + 0.092 GeV (SM T, = 2.077 GeV)
* Direct; f'w=219 £0.19 GeV

e Rare W Decays.
e TW- mylfr(W - ev) < 7x10*
« T(W-> DYWIW - ev)<11x10?

e Trilinear Gauge Boson Couplings:
* First direct evidence that the photon couples to the weak isospin of the W boson.
* First direct evidence for WWZ coupling.
e Oyw =102+6.3/-51+1.6pb
o ZZyIZyy. |7V < 0.37, |h,?Y < 0.05
o WWYyWWZ: -030<Ak <043, -0.20< A <0.20, or
-0.77 <0, <058, -022<a,<044, -020<a, <0.20
e W Boson Mass:
* My, =80.400 + 0.090 GeV Hadron Collider Average (UA2 + CDF + DO)
* M, =80.375+ 0.064 GeV Direct World Average  (UA2 + CDF + DO + LEP2)
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