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¢ Tevatron now performing well

¢ CDF detector running smoothly: data for analyses
> 200 pb1 (Mar-02 to Aug-03) — most results presented based on this data
> 160 pb~1 (Sep-03 to Oct-04) — updates ongoing with new data

> More data streaming in — expect 1 fy by next year (as of a few days
ago Tevatron has delivered 1 i )
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W and Z production

Tevatron W — | v cross section measurements Tevatron Z — I' I cross section measurements
CDF'04 (1) —. 2768 + 16 + 64 + 166 pb CDF'04 (e) —-— 256.8+3.9+5.5+ 154 pb
CDF'04 (e) —. 2780 + 14 + 60 + 167 pb CDF'04 (u) —.— 248.0+59+7.6+14.9 pb
CDF'04 (e+u) —— 2775+ 10+ 53+ 167 pb CDF'04 (e+p) . 253.9+3.3+4.6+152pb
CDF04 (e, plug) —e— 2784 + 34 + 167 + 172 pb CDF'04 (1) — e 242+4B.0+26+15pb
[preliminary) [preliminary)

CDF'03() — . 2620+ 70 + 210 + 160 pb

{prefiminary) SM: 252 i 5 pb
SM: 2690 £ 50 pb D0'04 (e) —e—  2649+3.9+9.9+17.2pb

{preliminary )

D0'04 (u) —— 2013+30+69+188pb

{preliminary)

D004 %‘.) —— 2865+ 8+ 75+ 186 pb

(preliminaty )
D0'04 (1) —e—  256+16+17+16pb
{preliminary)

PO'_OS %) —e——  3226+128+100+322 pb

preliminal

1000 3500 6000 0 500
o x B, pb c x B, pb

¢ Precision measurements using W and Z leptonic decays
> 2% systematics in e/u channel (dominated by PDF's, lepton ID efficiency)
& Yardstick for validation of all high-E_lepton analyses
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More W and Z results from Run 2

. : < Standard Model
¢ R(W/Z): en combined fandard ot
—@— World Average (RPP 2002)
O_WXBR (W N l V) (includes Run I resulls)
R = — =10.92 £ 0.15(stat.) = 0.14(syst.)
o,XBR(Z—1"1") (from k)
—8—  CDF Il combined
CDF ”(e) preliminary
o 0y XBR(W—1v) —e—  CDF Ii(y)

0, XBR(Z-I'T)
{(from R)
I —&— DO la+b(e)
Oy V4 —&—— CDF la(e)
o, )r(z-1'r) Iy
]

v ' o UA2(e)

SM : 3.361 + 0.024 LEP SM : 226.4 + 0.3 MeV o UA1(e+p)

IS R NN FETE EE S FENE N e RN EEEE NN
1.819 2 212223242526 2.7 2.8
I',,(indirect) = 2.079 + 0.041 GeV (GeV)

(W)
I, (WA)=2.118 + 0.042 GeV
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Standard Model ————>

¢ Branching ratios: World Average (RPP 2002) —e-

(includes Run I resulrs)

DO Ii(e) -
preliminary
BR(W—1v) e = 10.89 + 022 %  GDFucombined e

CDF ll(n) —+—e——
BR(W = 1v)y,, = 10.68 + 0.12 %

DO la+b(e) —o——
CDF la(e) o

¢ Universality tests: R T TR

Br(W—1v)
g 1gV

UA1 1991 1.01+0.42 \/BR(W—HJ\” _ ng
BR(W—ev) g

(CDF) = 0.998 + 0.012

UA2 1991 —— 1.02+ 0.06

| CDF 1992 4-—.— 097+ 0.07
! W

DO 1999 —O—é 0.98+ 0.031 BR W T
. \/ W=Tv) _ 8 (op) = 0.99 + 0.04
BR(W—>€V) gZV

| Phys. Rev. Lett. 94 (2005) 091803
CDFIl Preliminary 2003—'—?— 0.99+ 0.04 (Wlth more detalls and updates
' soon to be submitted to PRD)

| LEP 2001 . 1.026+ 0.014

PDG 2002 (wfo LEP) —-—:— 0.988+ 0.025

0.7 1 1.3
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Many other W and Z measurements

¢ \W charge asymmetry — important for PDF fits
¢ Cross-sections using tau decays
¢ Differential cross-section measurements

¢ Forward-backward asymmetry of Z/y* - ee
¢ W mass

¢ Many new results and methods out and in progress
¢ All provide important precision tests of the SM

€ Rest of this talk on diboson measurements.....
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Diboson Production

VV = vy, Wy, Zy,
WW, WZ, 27 q

¢ Standard Model cross-sections at 1 96 TeV

> o(pp—>WW)=12.5+0.8 pb >““§i

> o(pp—WZ)=3.7+04pb .

> o(pp—727Z)=1.4%0.1pb >“W{ I

¢ Wy and Zy cross-sections depend ony characteristics

¢ Direct test of triple gauge boson couplings
> Enhanced W/Z and lepton Pyspectra —»anomalous couplings
> Use all VV final states; probe at higher CM energy than LEP

¢ Resonance searches: e.g.gg - H - WW
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Wyand Zy selection

¢ Select W-1v and Z- 11" events
~ High-E_ electrons and muons (> 20 GeV)

~ FEor W events: large missing-E_ and 30 < M_(Iv) < 120 GeV
> ForZevents: 76 < M(I"1") <106 GeV

¢ Look for additional photons
solated EM cluster with E_> 7 GeV

[N'U< 1.1 and AR(l,y) <0.7
High efficiency (>95%) after all ID
Jet - yfake rate: about 0.2% at 7 GeV, 0.06% at 25 GeV

vV YV VY VYV
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Wyresults

Electron Muon
W+yMC 126.8 £5.8 95.2+4.9
W+jet BG 59.5 + 18.1 276+7.5
W+ y (tau) 1.5+0.2 2.3+0.2
Z+Y 6.3+0.3 174 +£1.0
Total SM 194.1 £ 19.1 142.4 £ 9.5
data 195 128
o"BR 194+21+29 16.3+23+1.8

o(Wy)XBR(W—lv) = 18.1 + 1.6,

Stat

2‘4(syst + 1.2 (lum) pb

a(Wy)XBR(W-—=lv),, = 193+ 1.4 pb (Baur, Han, Ohnemus, 93/98)
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Zyresults

o q ’ :
Qo 240:'"|"'|"'|,"'|'7"|"'|"'|
Electron (sys) Muon (+ sys) > 220- CDF Run Il | .
Z+yMC 309+1.6 33.2+ 1.5 | O 200} - -
Z+jet BG 2.8+0.9 2.1+0.7 | =180F E
—~ 160 =
Total SM 33.7+1.8 35.3£1.6| “S40F E
= .
data 35 35| = 120p E
100 ]
o0*BR 47+08+03| 45+0.8=+0.2 soF- 1
+ 35 Zy— puy events
q I~ - 34Zy—>eey evenfs
e ZysNyMC
Z° OOI 20 40 60 80 100120140160180200220240
g I* M, (L) (GeV/c )

o(Zy)XBR(Z—-1"1")

o(Zy)XBR(Z—-1"1"

Phys. Rev. Lett. 94 (2005) 041803

= 4.6 0.5, 02,

stat)

+ 0.3, Pb

(syst)—

)SM — 4.5 £ 0.3 pb (Baur, Han, Ohnemus, 93/98)
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Wyand Zykmematlcs
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WWw
e

. L q
¢ Cross-section measured in dilepton channel \

- WWSIUV (I=e ) i
> BR small (about 5%) but good signal/background (about 2:1)

> Also important background for other analyses (tt, H — WW, ...)

Ol

¢ Selection:
> One isolated ET > 20 GeV electron or muon

> Missing E_> 25 GeV

> Then: (1) Dilepton: 2" isolated lepton, topological cuts, 0 jets
(2) Lepton + Track: 2" isolated track, topological cuts, 0 or 1 jets
> “Lepton + Track” analysis has larger acceptance and lower purity
¢ Main backgrounds: Drell-Yan, W + jets, tt
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WW results

DILEPTON LEPTON+TRACK (STAT ERR.)
WW Signal 11.3+£1.3 163+ 0.4
Drell-Yan Background 1.8+04 1.8+£0.3
Fake Background 1.1£0.5 9.1+0.8
Other Background 1.9+£0.2 4.2 0.1
Total Background 4.8 £0.7 15.1+£0.9
Total Expected 16.1£1.6 31.5+£1.0
Data Observed 17 39
G(‘;W) [pb] 14.3720 (stat )£ 1.6(syst) 0.9 (lum)|19.4 +5.1 (stat)£3.5 (syst )£ 1.2 (lum)
/ N para™ N ke K
oc(WW) = hep-ex/0501050, submitted to PRL
€ X L XK BRIWW—=IvIv)

¢ 2 measurements consistent given esti?ﬁated acceptance overlap
¢ Consistent with NLO prediction of 12.5 £ 0.8 pb (Campbell & Ellis, '99)
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WW results

pp CTEQEM (NLO)
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Selected candidates

Run 155364 Event 3494901 : WW — etv,u~ 5, Candidate

4 eu eve nt prie) = 42.0 GeV/e; pr(p) =20.0 GeV/c; M,, =815 GeV
Br =648 GeV; ®(fr)=16
> Ve ry Clean AD(Br ,lepton) = 1.3; Ad(e, ) = 2.4; Opening-Angle(e, )=2.6

channel
> S:B~4:1

¢® WW = evev
or

77 _eevy ?
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q —>— 76 < M(I'I") < 106 GeV
Y I"I": 76 < M(I'I") < 106 GeV
W,Z .
() ) Iv :lepton + /IéT > 20 GeV

I, vv W : IargeFT-significance

Select Z —> ee, LU

\

In addition require:

1 / 2 ¢ 3\;

2 more leptons 1 extra lepton . a-
e and significant
consis : aqd
.- missing E
Z -> ee, Ul missing ET > 20 T
sensitive to: sensitive to: sensitive to:
ZZ -> 1t1-1t1- ZW —> 1t1-1v ZZ -> 1t1- vy
ZZ —> l+l_l'|‘® ZW —> 1t1

7% ->» 1t1
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WZ/ZZ results

CDF Run I1 £—194 pb~!

PI‘DCESS 515253.{4 5152535’1* ﬂlfgﬂT CDIIlbiIlEd
27 0.07 =£0.01 | 0.13 = 0.01 | 0.87 = 0.14 | 1.07 &= 0.15
LW - 0.81 + 0.07 | 0.86 = 0.14 | 1.67 = 0.19
LL+24W 0.07 =001 | 0.94 = 0.08 | 1.73 = 0.27 | 2.72 &= 0.33
WW - - 1.26 = 0.20 | 1.26 &= 0.20
Fake 0.01 =0.02 | 0.07 = 0.06 | 0.56 = 0.30 | 0.64 = 0.34
Drell-Yan - - 0.31 = 0.13 | 0.31 = 0.13
it - - 0.08 += 0.02 | 0.08 + 0.02
Total Background | 0.01 4= 0.02 | 0.07 = 0.06 | 2.21 £ 0.38 | 2.29 + 0.42
Expected S. + B. | 0.08 = 0.02 | 1.01 + 0.10 | 3.94 + 0.57 | 5.01 £+ 0.64

Data 0 0 4 4

o(pp—WZIZZ) < 13.9 pb

Phys. Rev. D 71, 091105 (2005)

o(pp—WZI1ZZ),,, = 5004 pb
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Future diboson studies

¢ Use Wry, Zy, WW analyses to study the WWry and WWZ
couplings, and search for anomalous couplings

¢ About 1 b required for observation of WZ and ZZ

¢ Additional final states for greater acceptance:
> Hadronic decays of one V in WW, WZ, ZZ

> Include T decays of V

¢ Optimize use of data by using a more global analysis
approach.....
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Global analysis approach

+ Relatively few SM processes in the high-E_ dilepton channel

eu the cleanest channel: processes have different characteristics:
— b , vV

YV V VY V

¢ Exploit differences in Missing-E_ versus jet multiplicity, after

requiring 2 isolated leptons
> Fit data to SM processes in this 2-D phase space
> Philosophy is not to “cut” backgrounds but rather include them in
the fit, thereby significantly improving statistics
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Global dilepton analysis

Preliminary results of SM
Cross-section measure-
ments encouraging — full
statistical power of data
being used

Method may be particularly
useful for new physics
searches

CDF Il Preliminary I

el space

Only 2 isolated
leptons required

1 11 11 | - 111 L1l |||||||||I| 1.1 1111 1
5 6 7 8 9 10 11 12 13
tt(pb)

[WW vs. tt 1 o confidence contour CDF Run |l Preliminary 200pb™

g" ‘Gi— POF Il Pretiminary | gponly |ee+ pp+ep| Theory
: a(th) (ph) 8615509 | 861111 | 6.7£03
wi— a(WW)(pb) |11.553840.6| 126703 £12| 125+ 0.8
:: a{Z — tr)(ph) | 288+E + 17 f - 253.14+0.5

In ee & U channels
significant MET required Mark Kruse, 25 May 2005
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¢ Diboson signals

established and
measured at the
Tevatron:

> Wry/Zy with much

greater precision than
in Run 1

> WW for first time at the

Tevatron

> WZ/ZZ not yet

significant but
observation expected
soon
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Conclusions

¢ A variety of diboson measurements now completed and published in
Run 2 by CDF: Wvy/Zy PRL, WW PRL, WZ/ZZ PRD.
¢ Current measurements use 200 pb'1 , but updates, optimizations,
and new analyses, are round the corner with twice this luminosity.
¢ |ooking forward to continued good Tevatron running, where, with
substantially more data:
> precision diboson measurements
> discovery of WZ/ZZ production
> discovery of, or stringent limits on, new physics
(Higgs, anomalous couplings,....)
¢ Many new ideas and analyses now in full swing — stay tuned
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