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Gauge Boson Studies at the Tevatronl

Bill Ashmanskas, U. Chicago
for the CDF & D@ Collaborations

Outline:
e W mass measurements (~ 1/2 of talk)
e W, Z cross-sections, BR, and T'(W)
e Trilinear gauge-boson couplings

e Drell-Yan measurements
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W Mass — Overviewl

AM,, a M2 AM,, aln M New Physics

Given Mz, Gr, and aggp as SM inputs, My is predicted,
but depends on Mq,, Miiggs

Measuring My, M, constrains Mg; checks SM consistency
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W Mass — Recent Tevatron Resultsl

New Tevatron My results in past year:

e CDF completed analysis of 1994-95 data set

— electron channel now included

— W,Z production model now constrained more directly
from CDF data

— improved “recoil model” used to derive PFf
— FE, p scales fixed to LEP My
— shown last March; draft article circulating within
CDF
e D added endcap electrons from 1994-95 data set

— extends rapidity coverage into 1.5 < |n| < 2.5 region
— combined fit including CC+EC data, My, Pf, Py
spectra

— final results published PRL {84} 222 (2000) and
submitted to PRD (hep-ex/9908057)
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W Mass — Event Selectionl

Event Selection for CDF /D@ W Mass Measurements:
well-measured events, low BG
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e Leptonic decays W — ev (both), W — uv (CDF)
e Transverse momentum balance = Pf_fi, P7, My

e Pf = EZ (calorimeter) or pf (spectrometer)

® Ur = Tcell Ecell Sin Ocenn(COS Geenty SiN Geen), €xcluding £
e Infer 131'{ = —(1—3:_,4 + )

o MYV = ¢2P,_fiP1’<(1 — cos A¢y,)

o P! >25-30, |0y <1 (D@ also 1.5-2.5), ug <15-20

e ur cut reduces BG, improves P} resolution

; W Z
ot CDF e | 30115 1559
CDF u | 14740 1840
DO CC | 28323 2179
rcoil (wy) DO EC | 11089 | 1265(CF) + 422(FF)
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CDF/D@® My — Method|

e Need to model three basic ingredients: W prodn/decay,
Pf measurement, ur measurement

e Use Z samples to tune prodn model, ur model, Pr_fi
resns & scales (no Epeam constraint!)

e Fast MC generator & detector simulation

— Relativistic Breit-Wigner lineshape convol w/ PDF

— vy, Pr of W, Z (or W/Z ratio) from calculation+PDF
(LY; Ellis et al), tuned to match Z data

x* CDF,DO 1992-95 Z Pr spectra now published!
- W — vy, Z — L0~ (BK, PHOTOS, Baur et al)
— Parametric models of P,_fi, ur meas, tuned to data
— CDF includes bremsstrahlung, pair production, dE /dz,

to model p5. (spectrometer), low-mass pp resonances

e Small BG (1-5% total, varying by detector/channel)
(0.4-4% multijet, 0.1-4% Z — £4, 1% 7) incl in spectra

e PDF = do/dy = acceptance = lineshape —>

— use PDF's spanning exptl do/dy" bounds
— extend 7(£) coverage to reduce impact (DQ)
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D® Endcap MWI

e added statistics; some complementary systematics

e EC electrons allow |7¢| check of PDF

e (80.691 & 0.227 GeV | : combining fits to My, P;, Py

e |80.498 1+ 0.095 GeV|: combining with Ib(central), w/correlations

e |80.482 4 0.091 GeV |: combining with Ia measurement

3 | Uncertainty CC | EC | CC+EC
N 250 W stats 70 | 108 61
B 209 Z stats 65 |181| 59
i cal. linearity 20 | 52 25
150? cal. uniformity | 10 | — 8
100 e resolution 25 | 42 19
5o e angle calib. 30 | 20 10
e removal 15 | 4 12
BT a0 e 1"?11(681§’ev1)2° selection bias 5 5 3
ur resolution 25 | 42 25
ur response 20 | 17 25
backgrounds 10 | 20 9
P}V spectrum | 10 | 25 15
PDF 20 | 17 7
parton lumi 10 2 4
radiative decays | 15 | 1 12
W width 10 | 10 10
Total 115 | 227 95

END CALORIMETER
Outer Hadronic
(Coarse)

Middle Hadronic
(Fine & Coarse)

e.‘,"
20001 /////
e e ‘\'s/'%%:\%% CENTRAL
e . \~V~\ CALORIMETER
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CDF — Pf Scales (Plan A)

# Xo (R < 30 cm) = 7.201+0.38% (v conv), 7.55+0.37% (brem tail)

(CDF Preliminary)
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High-statistics resonances 4+ material map + FE/p allow
precise E calibration, but Z mass check shows inconsistency.
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199293 data (right) do not distinguish presence/absence
of 1994-95 E /p problem (left). We hope to understand /fix
with 2001- data. For now, we normalize to M.
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CDF — P£ Scales/Resol/ Linearityl

. CDF(1B) Preliminary i CDF(1B) Preliminary
250 B 2 250 N 2
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CDF 199495 My Uncertaintiesl

Error Source W —s>ev | W — pv
Statistics 65 100
Lepton Scale Mz | E/p| Mgz | My
75 | 80 | 85 | 20
P}}V , Recoil Model 40 40
PDFs 15 15
Higher Order QED 20 10
Lepton Resolution 25 20
Trigger+Selection Bias — 15410
Backgrounds 5 25
Total(Syst. except Scale) 54 57
TOTAL 113 | 117 | 143 | 117
My = 80.473 4 0.113 GeV (e) using My

Common error :

80.465 + 0.143 GeV () using My
16 MeV (PDF, QED)

Mii* (1994-95 data) = 80.470 + 0.089 GeV

MyF* (1988-95 data) = 80.433 £ 0.079 GeV

1000-

 CDF(1B) Preliminary ~ y/f = 826/70 (50 <M. < 120)
W 41, T = 32,4135 (65 <M. < 100)
" Mw = 80,473 +/- 0,065 (stat) GeV
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W Mass — Combined Resultsl

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

80.410 +/- 0.180 - @ ICDF(Run1A,W - ev,u)
80.470 +/- 0.089 @ CDF(Run 1B*, W — ev,uv)
80.433 +/- 0.079 '@ CDF combined*

80.350 +/- 0.270 o DO(Run 1A, W — ev)
80.498 +/- 0.095 e {DO(Run 1B, W - ev)
80.482 +/- 0.091 e DO combined

80.448 +/- 0.062 m Hadron Collider Average*

(25 MeV Common Error)

80.350 +/- 0.056 o LEPI1* (ee - WW)
80. 394 +/-0. 042 m] World Average
|m|n

|
2o ot 799 8oi

|
803
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Tevatron Run II (2001-) Prospectsl

500
450 -
400 -
350 -
300 -
250 -
200 -
150 -
100 -

ERun |l
50+,

My (MeV)

Run IB

Run O

Run IA

0.1

02 03 04 05 0.6
1 /v Lum (pb™")

New challenges with each new dataset, but 1/ VL
rule has worked so far. Anticipate 20-40 MeV
(CDF+DO®) from first 2 fb~1.
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W.,Z Cross-SectionsI

As in My measurements, use clean, well-measured leptonic
W and Z decays

Principal difference in event selection is that no ur cut is
made, so W and Z can be accompanied by energetic jets

9 275 - _
- i DO/CDF : W H e
= I 1 € al
3: | -
[¢}]
25 -
! i © T ltem A A I $
= i
= - o /
p 225 - + T 4+ sattsyst
o i +lumi
=
© 2 9 cDF Luminosity Normalization
i 6% higher than DO Normalization
175
g n
e DO/CDF : Z M
x NNLO Theor
%: i (Van Neervenyetal.) e H E al
g 250 - A u e % Vs =630 GeV
t[ e ? { i e
< i 1 :
N UAI .
L (1987)
T 200 - s $ s
o UA2 ——
(=2 (1992)
S DY —
L (1999)
150 [ 1 ! 1 |
92/93 94/95 88/89 92/93 94/95 all W BW - ev) (nb)

Theory is NNLO, Van Neerven et al, 1991,92; ~ 4% uncertainty
arises from PDF's, ag, choice of renormalization /factorization
scale
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W.,Z Cross-SectionsI

Channel | Run |oB *(s @ s) & (lum) | Published

CDF
Z — pp |92/93 | 217 +17 1+ 8 pb PRD {59} 052002 (1999)
Z — pp | 94/95 237 £ 9+ 9 pb PRD {59} 052002 (1999) (*)
Z — ee |92/95|249 £5 £ 10 pb PRL {84} 845 (2000)
DO
Z —ee |94/95|221 5410 pb acc PRD, hep-ex/9906025

W — ev | 94/95 | 2310 £ 51 4+ 100 pb | acc PRD, hep-ex/9906025
W — 7v | 94/95 | 2220 4 135 4+ 100 pb | sub PRL, hep-ex/9912065
D@, /s = 630 GeV

W — ev |96 | 658 & 64 & 20 pb acc PRD, hep-ex/9906025

(*) CDF 94/95 Z — pp luminosity error reduced subsequent
to publication; described in Z — ee paper

Luminosity uncertainty ~ 4%; CDF and D@ normalizations
differ by ~ 6%

Dominant uncertainty in many cross-section measurements,
in particular W — ev, is uncertainty in / Ldt

= oB(W — ev) will probably be used to normalize / Ldt
in future Tevatron runs
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W /Z Cross-Section Ratiol

D@ 1994-95:
o(pp > W + X)-B(W — ev) =

2310 £ 10 (stat) & 50 (syst) £ 100 (lum) pb,
o(pp > Z+ X) - B(Z — ee) =

221 £ 3 (stat) £ 4 (syst) == 10 (lum) pb

Statistical errors small; luminosity, many systematics cancel
in W/Z ratio; theoretical error smaller on ratio (W) /o (Z)
than (W), 0(Z) individually

= measure R = ‘;((VZV)) : %((v;::;); extract B(W — ev)

LEP =

SM Predicti 10.83+-0.029%
rediction P CERN-EP-2000-016

ALEPH : o
° }g DEL PH] (summer 99 conf)
o iL3 .
e | OPAL D® pub PRD (op cit)

—e—H  LEP2 10.61+0.25% )
- e { Do 1050+030% | CDF prelim 6/99
e CDE  10.39+-030% | (publ. draft in progress)

N pp 10.43+-0.25%
E CDF+D@ prelim

L ‘ | | | | ‘ | | | | ‘ | | \E | ‘ | | | | ‘ | | | | ‘
9.5 10.0 10.5 11.0 11.5
I'W( - e'v)/FW

CDF+D@: stat. + uncorrel. R syst. (1.4%); correl.
R syst. (1.1% EW NLO, 0.3% PDF); o(W)/o(Z) theor.
(1.5% EWK corr., 0.5% PDF) = 2.5% combined
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W Inclusive Widthl

Using B(W — ev) from R, I'(W — ev) from SM:
extract I'(W) = 2.171 4+ 0.052 GeV (CDF+DO)

Can also obtain I'(W) from likelihood fit to high- M7 tail
of W — £Lv samples used to measure My

-1 CDF Preliminary
10 R B A R

Transverse mass lineshape
(normalized to unit area)
forr,,=1.5,1.7,...,2.5 GeV

o o(W)/a(2),
E FSM(W — Eu)
] not required;

Production model
(PT’ Y, §) for
off-shell W's s

-3
10 E

required

Ll
100

120

140

N
180 200

Normalize over all
3 MT; fit MT > 100 GeV

160
M,(eV) (GeV)
CDF 1994-95 e + p (MeV) (MeV)

. ERROR SOURCE W —ev | W — uv
Dominant errors Statistics 125 195
are statistical Lepton E,pr linearity | 65 5
. ur model 60 90
In nature; Backgrounds 30 55
expect 20-40 MeV W Pr model 30 70

Lepton 1D, trigger 30 40
measurement from Lepton E or pr scale | 20 15
first ~ 2 fb™' of PDFs 5 5
My, 10 10
next Tevatron run Lepton resolution 10 20
QED 10 10
TOTAL SYST. 105 135
STATPSYST 165 240
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W Width

R L A A B e e e ey
% | CDF(1B)Preliminary ~ *
O fl' =2.175+0.165 GeV = 1
B 2000 B Py (stat+syst) = 7
+= L ] 345 i
8 ‘,/ * 30}
5 100 - & 1 335 | 1]
. . 330 F
% 5 ey 50T Y9
0 Ll ‘ \‘ ‘ -2Iog(L) vsl’W
40 60 80 100 120 140 160 180 200

M. (ev) (GeV)
e, 249844 evettsshown |

L (1490 + 170 bkg)

. . 438 with 100<M, <200 GeV
.. 211 with 110<M 1<200 GeV
*e, 7wWith M >206 GeV 3

%4 ]
o B
”*m +++g It * E

i

140 160 180 zoo
M. (ev) (GeV)

events/ 2GeV

100 120

81000 [ CDF(1B) Preliminary 252
[ Ty =178+0240Gev
¢t 750 : N 20
500 | 28
: 246
250 [ 15 2 25
: T
Ogo 100 150 200
M. (1Y) (GeV)
£ 103
o 196 ev. in fit region
T i (100 < M < 200)
3+ 10 2 21791 ev. in normalisation region
i (50 < M < 200)
10 ¢
1 f J
Al
10

200
M(1Lv) (GeV)

CDF 94-95 e + p lineshape (preliminary 7/99):
'(W) = 2.055 4 0.100 (stat) & 0.075 (syst) GeV

draft article circulating within CDF

SM Prediction

DIRECT
L EP2(3 exps)

CDF
AVERAGE

pp INDIRECT

DO
CDF

2.1
rw (GeV)
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Trilinear Gauge-Boson Couplings (WW Z ,WW')/)I

80 T T T T ‘ T T T T ‘ T T T ‘ T

pb/(10 GeV/c)

,_\
o
kN
—

T X Background

60

)‘: 00, Ak=10 [ mvjj Data

do/dpY,

. 40
A=00, Ak=-05-, .. i

A=0.0, Ak=0.0 20

Events Per 10 GeV/c

- Ll [ERERRI NIRRT I
0 50 100

150 200 250 Lo == V\I\W\}n—?—l L
pY  Gevic 0 50 100 150

Po(uv) (GeV/c)

e DO WW,WZ — evjj subm. PRD, hep-ex/9912033
(long write-up of PRL {79} 1441 (1997))

e DOWWWZ — puvjj, WZ — uvee, evee publ. PRD
{60} 072002 (1999)

e ecelrv: SM=.25 1 .02 evts, BG=.50 £ .17, obs 1 evee

e uvjj SM=4.54+0.8, BG=224455, obs=224, but Pr(uv)
spectrum sensitive to non-SM signal

e DO comb fit (incl prev pub): W+ (Pf); WW — fve'v’
(PL); WW,WZ — Lvjj (P¥); WZ — eelv
e 95% CL (A = 2 TeV, WW~ = WW Z):

—0.25 < Ak < 0.39 (A = 0),
—0.18 < A < 0.19 (Ak = 0)

e HISZ, for LEP comparison,
—0.29 < Ak, < 0.53, LEP2 —0.11 < Ak, < 0.20
—0.18 < A, < 0.19, LEP2 —0.10 < A, < 0.03



High-Mass Drell-Yan Pairsl
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PRL {82} 4769 (1999) (120pb ') DG 95% CL
03, e e | (TeV)
%\ : e Dato Term(s) |AT|A™
e * Background LL  |3.3]4.2
EWO Drell=Yan + Background LR 3.413.6
EL iAo o RL 3337
> RR 3.3/4.0
L R LL + RR |4.2]5.1
o b Tl T LR+ RL |3.9 4.4
o LL— LR [3.94.5
RL — RR 4.0 4.3
°F VV  4.9]6.1
10 250 00 750 1000 AA 4.7 5.5

M., (GeV/c%)

e Most stringent limits to date on ge compositeness scale,
except where ruled out (> 10 TeV) by APV measurements

e CDF has published similar analyses for ge and qu (combined
limits in 3—6 TeV range)

e LEP2 now has preliminary combined eu,er limits in
the 8-16 TeV range
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Drell-Yan Rapidity Distributionl

0.45 CDF Preliminary 90 CDF Preliminary
i B e 1993-95 Data (89.14 + 3.65 pb™')
04 }. CC,CP,CF,PP,PF 80 } — VBP.
035 RS 70 fHL
e ft +++ .
o3 | WAL 60 - .
1‘,0'25? + } 3 50 | ;
0.2 ;* + ppbar = ¥'/Z + X + 5 40 -
0.15 + Y/Z > ee , 3 30 ; ppbar —> ¥'/Z + X
: 66< M,,, < 116 GeV/c L /7 > ee ﬁ
01F + 20F 66<M,, <116 Gev/c? .
o | o \
0+ O:HH\HH\HH\HH\HH\M&,*
-3 -2 -1 0 1 2 3 0 0.5 1 15 2 25 3
Rapidity (ee) Y

e CDF preliminary 3/99; analysis continuing

o ylﬂ_ distribution may become a useful PDF constraint

in the future

e One of several recent CDF+D( analyses making good
use of |p| > 1 leptons

e CDF-II will feature new EC calorimeter, substantially
improved tracking at high |n|

e Extended y coverage reduces PDF acceptance effects
in analyses such as My, R
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Outlookl

e Next Tevatron run begins 8/00 (engineering), 3/01 (physics)
e > 15 fb~! at /5=2.0 TeV 2001<LHC turn-on

— ~ 2 fb! likely in first ~ 2 years
— ~ 12% higher o(W), o(Z2)
— ~ 40% higher o (tt)

e CDF': improved coverage for high-n leptons
e D®: magnetic spectrometer
e BOTH: new tracking systems, vertex detectors

e Tevatron measurements may reach dM; ~2-3 GeV,
d My, 0T'w ~20-40 MeV with first 2 fb~!

e Ws may be our Bhabhas for luminosity calibration!

e Measurements provide many challenges: QED/EW radiative
corrections; QCD effects in W,Z production; understanding
PDF uncertainties; techniques for precise detector calibration



