Experimental Status of the Standard Model

Dean Karlen Dean Karlen

Carleton University Carleton University

Ottawa, Canada Ottawa, Canada

ICHEP `98 ICHEP `98

Vancouver, 27 July 1998 Vancouver, 27 July 1998 http://www.physics. http://www.physics. carletoncarleton .ca/~.ca/~ karlenkarlen /ichep98/ichep98

ICHEP 98

Dean Karlen / Carleton University Dean Karlen / Carleton University 2

Outline nn LEP & SLC performance 1997 - 98 LEP & SLC performance 1997 - 98 nn Updates of measurements Updates of measurements

¯¯ W properties W properties

¯¯ Z properties Z properties

¯¯ Other SM processes Other SM processes

¯¯ Note: most results presented are Note: most results presented are preliminarypreliminary nn Interpretation of precision data in the SM framework Interpretation of precision data in the SM framework nn Summary and Outlook Summary and Outlook

ICHEP 98

Dean Karlen / Carleton University Dean Karlen / Carleton University 3

LEP performance

Integr at edluminosity seen by exper iment sfr om1993to1998

0

10

20

30

40

50

60

70

80

90

100

1 21 41 61 81 101 121 141 161 181 201

P hysi cs93 Zo

P hysi cs94 Zo

P hysi cs95 Zo,65-70 GeV

P hysi cs96 80.5 -86 GeV

P hysi cs97 91 -92 GeV

P hysi cs98 94.5 GeV

(pb -1 ) la s t va lue :4 4 .8 pb-1 (1 5 J uly9 8 )

N umbe r of sche dule d days(fromstar t-up)

ICHEP 98

Dean Karlen / Carleton University Dean Karlen / Carleton University 4

SLC Performance

0

2 0 0 0

4 0 0 0

6 0 0 0

8 0 0 0

1 0 0 00

1 2 0 00

1 4 0 00

1 6 0 00

1 8 0 00

2 0 0 00

0

5 0 0 00

1 0 0 00 0

1 5 0 00 0

2 0 0 00 0

2 5 0 00 0

3 0 0 00 0

3 5 0 00 0

4 0 0 00 0

Z’ s pe rWe e k

To tal Z ’ s

1 9 9 2 1 9 9 3 1 9 9 4 - 1 9 9 6

2 2 %

6 3 %

7 8 %

7 8 %

1 9 9 7 - 9 8

7 3 %

(Average Polarization)

ICHEP 98

Dean Karlen / Carleton University Dean Karlen / Carleton University 5

Machine energy calibration nn LEP beam energies/errors for Z LEP beam energies/errors for Z 00 running now final running now final

¯¯ overall contributions to the LEP combined results: overall contributions to the LEP combined results:

˘˘

DD mm

ZZ

@@ 1.5 MeV

1.5 MeV

DGDG

ZZ

@@ 1.5 MeV

1.5 MeV

nn LEP II beam energy less precisely determined

LEP II beam energy less precisely determined

¯¯ large extrapolation:

large extrapolation: DD EE

beam beam

= 25 MeV ;

= 25 MeV ; DD mm

WW

= 20 MeV

= 20 MeV

¯¯ cross check with cross check with ZZ gg events demonstrated by ALEPH (`97 data) events demonstrated by ALEPH (`97 data)

˘˘ DD mm

WW

= 102 MeV (

= 102 MeV ( EE

cmcm scale), scale), DD m m

WW

= 139 MeV (

= 139 MeV ( exptexpt . error). error)

¯¯ new project to install spectrometer in LEP new project to install spectrometer in LEP

˘˘ goal is to attain goal is to attain DD EE

beam beam

»» 10 MeV

10 MeV

nn SLC beam energy checked using final scan of Z

SLC beam energy checked using final scan of Z 00

¯¯ indicates shift of + 49 indicates shift of + 49 ±± 22 MeV

22 MeV

¯¯ correction applied to A correction applied to A

LRLR

) 00009 . 0 00011 . 0 sin ( 2 ± - = D lept

eff q

ICHEP 98

Dean Karlen / Carleton University

Dean Karlen / Carleton University 6

W mass from Tevatron

nn W mass determined from transverse mass

W mass determined from transverse mass

¯¯ calibration from calibration from pp 00 , J/, J/ yy , and Z

, and Z 00 n

"

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

5 0 6 0 7 0 8 0 9 0 1 0 0 1 1 0 1 2 0

C D F ( 1 B )P

R E L IM IN A R Y C 2 / d f = 1 5 8 / 1 3 9 ( 5 0 < M

T

< 1 2 0 )

C 2 / d f = 6 2 / 6 9 ( 6 5 < M

T

< 1 0 0 )

M w = 8 0 . 4 3 0 0 . 1 0 0 ( s t a t ) G e V ±

F i t r e g i o n

T r a n s v e r s e M a s s ( G e V )

ICHEP 98

Dean Karlen / Carleton University Dean Karlen / Carleton University 7

W mass from Tevatron nn DØ fits both transverse mass and electron p DØ fits both transverse mass and electron p tt nn CDF (prelim.) M CDF (prelim.) M

WW

= 80.38 = 80.38 ±± 0.12 GeV 0.12 GeV nn DD ØØ M M

WW

= 80.43 = 80.43 ±± 0.11 GeV 0.11 GeV

0

100

200

300

400

500

600

700

50 55 60 65 70 75 80 85 90 95 100 m

T

(GeV)

C 2 / dof = 79.5/60

KS Prob = 25%

0

200

400

600

800

1000

1200

25 30 35 40 45 50 55 p

T

(e) (GeV)

C 2 / dof = 40.6/40

KS Prob = 81%

ICHEP 98

Dean Karlen / Carleton University Dean Karlen / Carleton University 8

W measurements from LEP nn W pair production at LEP W pair production at LEP nn events selected in all decay channels: events selected in all decay channels:

e + e + e - e - -

W

-

W

+ W + W

Z/ g

n n n

n

- + - +

- +

- +

®

¢ ®

¢ ¢ ®

" "

"

"

W W q q W W q q q q W W

B R ( % ) ( % ) ( % )

4 6 8 0 8 5

4 4 9 0 8 0

1 0 9 0 7 0

ICHEP 98

Dean Karlen / Carleton University 9

W + W qq qq event at 189 GeV

ICHEP 98

                                             Dean Karlen / Carleton University 10

W mass from LEP

                                                              nn

                                                                                 mm

                                                                                              WW

                                                                                                          is estimated by direct reconstruction of jet-jet

                                                                                                         is estimated by direct reconstruction of jet-jet

                                                                                 invariant masses

                                                                                invariant masses

                                                              nn

                                                                                 kinematic

                                                                                kinematic fitting applied to improve mass resolution
fitting applied to improve mass resolution

                                                              nn

                                                                                 four quark final state has three jet pairings

                                                                                four quark final state has three jet pairings

                                                              nn

                                                                                 use

                                                                                use kinematic

                                                                                                                kinematic fit fit
cc
22 , jet charge, and/or angles to decide

, jet charge, and/or angles to decide

ICHEP 98

                                             Dean Karlen / Carleton University 11

                                                                                             W + W  qq qq   mass distributions

0

10

20

30

40

50

60

65 70 75 80 85 90 95

                                                                                                ALEPH preliminary

                                                                                               ALEPH preliminary

OPAL

OPAL

preliminary
preliminary

DELPHI

DELPHI

preliminary
preliminary

                                                                                                                    L3 preliminary

                                                                                                                    L3 preliminary

                                                  1997 data:

                                                 1997 data:

                                                  EE

                                                           cmcm

                                                                       =183 GeV

                                                                       =183 GeV

ICHEP 98

                                             Dean Karlen / Carleton University 12

                                                         Final state interactions in W + W  qq qq

                                                              nn

                                                                                 decays of the two W´s not independent

                                                                                decays of the two W´s not independent

                                                                                       ¯¯ decay length (0.1 fm)  <<

                                                                                                      decay length (0.1 fm)  <<  hadronization hadronization scale (1 fm)scale (1 fm)

                                                                                       ¯¯ interconnection may affect estimation of M

                                                                                                      interconnection may affect estimation of M

WW

 in this channel

 in this channel

                                                              nn

                                                                                 Bose

                                                                                Bose -Einstein-Einstein  correlations correlations

                                                                                       ¯¯ enhancement of identical bosons nearby in phase space

                                                                                                      enhancement of identical bosons nearby in phase space

                                                                                       ¯¯ unknown whether effect exists for

                                                                                                      unknown whether effect exists for
pp
´´ s from different W bosons
s from different W bosons

                                                              nn

                                                                                 colour

                                                                                colour reconnection
reconnection

                                                                                       ¯¯ significant interference effect possible in

                                                                                                      significant interference effect possible in hadronizationhadronization  process, process,

                                                                                                       but estimates come only from models

                                                                                                      but estimates come only from models

                                                                                       ¯¯ models generally predict slight reduction in multiplicity, possibly

                                                                                                      models generally predict slight reduction in multiplicity, possibly

                                                                                                       enhanced at low momentum and for heavy

                                                                                                      enhanced at low momentum and for heavy hadronshadrons

ICHEP 98

                                             Dean Karlen / Carleton University 13

Bose -Einstein correlations

                                                              nn

                                                                                 a correlation function is formed, C(Q), Q = |p

                                                                                a correlation function is formed, C(Q), Q = |p

11

 - p

 - p

22

||

                                                                                       ¯¯ enhancement at low Q observed within W and Z decays but no

                                                                                                      enhancement at low Q observed within W and Z decays but no

                                                                                                       experiment sees evidence for BEC between different W bosons

                                                                                                      experiment sees evidence for BEC between different W bosons

With full

With full

BEC, shift

BEC, shift

inin  m m

WW

 is

 is

»»

--
50 MeV

50 MeV

ICHEP 98

                                             Dean Karlen / Carleton University 14
colour  reconnection

                                                              nn

                                                                                 compare

                                                                                compare semileptonicsemileptonic  and fully hadronic and fully hadronic  multiplicities multiplicities ::

                                                              nn

                                                                                 model investigation (OPAL)

                                                                                model investigation (OPAL)

                                                                                       ¯¯ Ariadne

                                                                                                      Ariadne shows largest shifts
shows largest shifts

                                                                                                                ˘˘ but also predicts deficit at
but also predicts deficit at

low p� not observed
low p� not observed

                                                                                                                ˘˘ need more data to exclude
need more data to exclude

                                                                                       ¯¯ Other models:

                                                                                                      Other models:

DD
mm

WW

< 40 MeV

< 40 MeV

                                                              nn

                                                                                 Currently assign 90 MeV systematic for BEC

                                                                                Currently assign 90 MeV systematic for BEC

ÅÅ
 CR

 CR

A L E P H +  1 . 3  ±  0 . 7  ±  0 . 4

D E L P H I -  1 . 6  ±  0 . 9  ±  1 . 2

L 3 -  1 . 0  ±  0 . 8  ±  0 . 5

O P A L +  0 . 7  ±  0 . 8  ±  0 . 6
n
"
qq

ch
q

ch

                                                                                        ch
n
n

                                                                               n 2

4 -

                                                                                                       =

                                                                     D
preliminary
preliminary

average:

average:

+ +
0.2

0.2

±±
 0.5

 0.5

model p
reco
D
n

ch

D
m

W

 (MeV)

SK I 0.38 -
0.3 + 50

±
 17

SK II 0.22 - 0.2 + 17 ±  17

SK II

¢ 0.20 -
0.2 + 18

±
 17

AR 2 0.52 - 0.1 + 73 ±  18

AR 3 0.63 - 1.0 + 146 ±  18

SK =

SK = Pythia Pythia (( SjöstrandSjöstrand  /  / KhozeKhoze ))

AR =

AR = Ariadne Ariadne (( LönnbladLönnblad ))

ICHEP 98

                                             Dean Karlen / Carleton University 15

W mass from LEP (prelim.)

                                                              nn

                                                                                 Results from 183 GeV data:

                                                                                Results from 183 GeV data:

                                                              nn

                                                                                 with earlier LEP II measurements:

                                                                                with earlier LEP II measurements:
mm

WW

  = 80.37

= 80.37

±±
 0.09

 0.09

                                                                                                      LEP W mass from qql

m

W

 [GeV]

                                                                                                  79.5 80.0 80.5 81.0

                                                                                     ALEPH

                                                                                 DELPHI

                                                                                                            L3

                                                                                           OPAL

                                                                                                    LEP

80.34

80.50

80.03

80.25

80.28

0.19

0.27

0.25

0.20

0.12

±

±

±

±

±

common   0.04

c 2  / dof  = 1.8 / 3

LEP W mass from qqqq

m

W

 [GeV]

79.5 80.0 80.5 81.0

ALEPH

DELPHI

L3

OPAL

LEP

80.41

80.02

80.51

80.48

80.34

0.19

0.23

0.25

0.26

0.14

±

±

±

±

±

common   0.10

c 2  / dof  = 3.6 / 3

ICHEP 98

                                             Dean Karlen / Carleton University 16

W width

                                                              nn

                                                                                 most precise (indirect) estimate is from hadron

                                                                                most precise (indirect) estimate is from hadron colliderscolliders

                                                                                       ¯¯ uses Z

                                                                                                      uses Z 00  data from LEP and BR(W

 data from LEP and BR(W

®®
ll
nn
) from SM

) from SM

                                                                                       ¯¯

                                                                                                       GG

                                                                                                               W W

= 2.06

= 2.06

±±
 0.06 GeV (CDF+D0+UA1+UA2)

 0.06 GeV (CDF+D0+UA1+UA2)

                                                              nn

                                                                                 CDF fits tail of transverse mass distribution

                                                                                CDF fits tail of transverse mass distribution

                                                                                       ¯¯

                                                                                                       GG

                                                                                                               W W

= 2.19

= 2.19

±±
 0.17

 0.17

±±
 0.09 GeV (CDF)   (prelim.)

 0.09 GeV (CDF)   (prelim.)

                                                              nn

                                                                                 LEP experiments fit mass distribution:

                                                                                LEP experiments fit mass distribution:

                                                                                       ¯¯ L3L3

GG

W W

==  2.41

 2.41

±±
 0.39

 0.39

±±
 0.25 GeV  (prelim.)

 0.25 GeV  (prelim.)

                                                                                       ¯¯ OPALOPAL

GG

W W

= = 2.25

2.25

±±
 0.37

 0.37

±±
 0.17 GeV  (prelim.)

 0.17 GeV  (prelim.)

                                                              nn

                                                                                 All results in accord with SM: 2.077

                                                                                All results in accord with SM: 2.077

±±
  0.014  GeV

  0.014  GeV

W

Z

Z

W

Z

W

Z

W

Z

BR

W

BR

G

G

®

G

×

®

G

×

=

®

×

®

×

)

(

)

(

)

(

)

(

""

"

""

"

s
n
s

s
n
s

ICHEP 98

                                             Dean Karlen / Carleton University 17

W branching ratios (prelim.)

                                                                                                      W leptonic branching ratios

BR (l )  [%]

                                                                                                      5 10 15

                                                                                                   ALEPH

                                                                                               DELPHI

                                                                                                                        L3

                                                                                                         OPAL

                                                                                                                 LEP

                                                                                                   ALEPH

                                                                                               DELPHI

                                                                                                                        L3

                                                                                                         OPAL

                                                                                                                 LEP

                                                                                                   ALEPH

                                                                                               DELPHI

                                                                                                                        L3

                                                                                                         OPAL

                                                                                                                 LEP

                                                                                LEP average

11.2

9.9

10.5

11.7

10.9

9.9

11.4

10.2

10.1

10.3

9.7

11.2

9.0

10.3

10.0

10.4

0.9

1.2

0.9

1.0

0.5

0.8

1.2

0.9

0.9

0.5

1.0

1.8

1.2

1.0

0.6

0.3

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

W hadronic branching ratio

BR (hadron)  [%]

65 70 75

ALEPH

DELPHI

L3

OPAL

LEP

69.0

67.5

70.1

67.9

68.8

1.3

1.8

1.4

1.3

0.8

±

±

±

±

±

                               WW

                                               ®®
                                                                e e

                                                                             nn

                              WW

                                              ®®

                                                                   mnmn

                              WW

                                              ®®

                                                                   tntn

DØ measures ratios of branching ratios:

DØ measures ratios of branching ratios:

08

.

0

00

.

1

)

(

)

(

06

.

0

00

.

1

)

(

)

(

±

=

®

®

±

=

®

®

n
mn
n
tn

e

W

BR

W

BR
e

W

BR

W

BR

ICHEP 98

                                             Dean Karlen / Carleton University 18

                                                                                  lepton CC universality from  decays

                                                              nn

                                                                                 relation between BR(

                                                                                relation between BR(
tt

®®
 e),

 e),
tt

tt

 , and m

 , and m

tt
tests
tests
mm
 -

 -
tt

                                                              nn

                                                                                 from B

                                                                                from B

ee

,B,B

mm

: g

: g

mm

// gg

ee

 = 1.0015

 = 1.0015

±±
 0.0025

 0.0025

                                                                                       ¯¯ comparable  precision as from

                                                                                                      comparable  precision as from
pp
 decays (0.15%)

 decays (0.15%)

A L E P H

D E L P H I

L 3

O P A L

C L E O

W O R L D

t

 ( f s )

1 7 . 5

1 7 . 7 5

1 8

1 8 . 2 5

2 8 0

2 8 5

2 9 0

2 9 5

3 0 0

t

B   ( % )
e

                                                                      combined result:

                                                                      g

                                                                              t

                                                                                   /g

                                                                                                m

                                                                                                         = 1.0001

±
 0.0026

ICHEP 98

                                             Dean Karlen / Carleton University 19

CKM matrix element V

cs

                                                                                                            BB

                                                                                                                       hh
ºº
  BR(W

BR(W

®®
  hadrons
hadrons ) = 0.6879 ) = 0.6879

±±
 0.0077

 0.0077

                                                              nn

                                                                                 This can be related to CKM matrix elements:

                                                                                This can be related to CKM matrix elements:

                                                              nn

                                                                                 VV

                                                                                            cscs

                                                                                                         least well known

                                                                                                           least well known

ÞÞ
 estimate

 estimate VV

cscs

  from relation
from relation

                                                              nn

                                                                                 LEP experiments also measure by tagging charm

                                                                                LEP experiments also measure by tagging charm

( )

p
a

s

b
s
d
j
c
u
i
ij

h
h V

B

B

+

=

-
å

=

=

1

1

,

,

,

2

                                                                                                                  LEP indirect average: |

                                                                                                                 LEP indirect average: | VV

cscs

| = 1.04

| = 1.04

±±
 0.04

 0.04

                                                                                                                  LEP direct average: |

                                                                                                                 LEP direct average: | VV

cscs

| = 0.99

| = 0.99

±±
 0.11

 0.11

ICHEP 98

                                             Dean Karlen / Carleton University 20

W production measurements

                                                              nn

                                                                                 new (preliminary) results from DØ:

                                                                                new (preliminary) results from DØ:

                                                                                       ¯¯ ss

                                                                                                               WW

                                                                                                                          BR(W

BR(W

®®
ee
nn
) = 2.38

) = 2.38

±±
 0.01

 0.01

±±
 0.09

 0.09

±±
 0.20 (

 0.20 ( lumilumi ))  nb nb

                                                                                       ¯¯ ss

                                                                                                               WW

                                                                                                                         BR(W

                                                                                                                        BR(W

®m®m nn
) = 2.38

) = 2.38

±±
 0.03

 0.03

±±
 0.17

 0.17

±±
 0.13 (

 0.13 ( lumilumi ) ) nbnb

                                                              nn

                                                                                 HERA experiments: look for lepton and missing p

                                                                                HERA experiments: look for lepton and missing p

tt

                                                                                                                   2.0

                                                                                                                   2.5

                                                                                                                   3.0

D0 92/93 D0 94/95

(preliminary)

CDF 92/93

e
m m

e e
sẂ BR (

 BR (
nbnb)

W

®
 e
n
 selection W

®
m n
 selection

obs.
W

®
 e
n bckgnd obs.
W

® m n bckgnd

ZEUS 3 2.0 1 ± 0.5 0 0.6 0.6 ± 0.2

H1 1 1.7 0.7 5 0.5 0.3

ICHEP 98

                                             Dean Karlen / Carleton University 21

WW cross section at LEP

                                                                                                             WW

  [pb]   (E

cm

 =183GeV)

WW

  [pb]

                                                                                                                 14 15 16 17 18

                                                                                         ALEPH

                                                                                     DELPHI

                                                                                                                L3

                                                                                                OPAL

                                                           LEPcombined

                                                     StandardModel

15.51

16.01

16.53

15.52

15.86

15.72

0.71

0.83

0.67

0.71

0.40

±

±

±

±

±

Common= 0.20pb

c

2
 / d.o.f.  = 1.4 / 3

                                                              nn

                                                                                 corrected to CC03 diagrams  (preliminary)

                                                                                corrected to CC03 diagrams  (preliminary)

WW

  [pb](E

cm

 =189GeV)

WW

  [pb]

14 15 16 17 18

ALEPH

DELPHI

L3

OPAL

LEPcombined

StandardModel

14.74

16.00

15.44

15.04

15.24

16.67

0.85

0.96

0.95

0.87

0.57

±

±

±

±

±

Common = 0.40 pb

c

2
 / d.o.f.  = 1.3 / 3

Precision of 189 GeV result should improve
by factor of 2 by the end of the year...

ICHEP 98

                                             Dean Karlen / Carleton University

                                             Dean Karlen / Carleton University 23

WW at 189 GeV

                                                                                                  0

                                                                                              10

                                                                                              20

                                                                                              30

                                                                                              40

                                                                                              50

                                                                                              60

                                                                                              70

                                                                                                       -1 -0.5 0 0.5 1

cos
q

W

189 GeV
e

+
e

-
W

+
W

-
qq

_

l
n

® ®

189 GeV

cos
q

W
e

+
e

-
 W

+
W

-
 qq

-

 qq

-

0

5

10

15

20

25

30

35

40

45

-1. -0.5 0 0.5 1.

®
®
qqqq qql n l n l n

DELPHI 6.8 ±  0.6 7.6 ±  0.6 1.5 ±  0.3

L3 6.8 ±  0.5 7.1 ±  0.6 1.4 ±  0.3

OPAL 7.0 ±  0.6 6.4 ±  0.5 1.7 ±  0.3

S. M. 7.6 7.3 1.8

                                                                                            ss

                                                                                                          ´´
                                                                                                                    BR  [

                                                                                                                    BR  [ pbpb ]]

ICHEP 98

                                             Dean Karlen / Carleton University 24

Single W production at LEP

                                                                                               WW

                                                                                                               ®®
 e e
nn

                                                                  W W

                                                                                      ®®

                                                                                                           tntn

WW

®®
  qqqq

WW

®®
mnmn

ICHEP 98

                                             Dean Karlen / Carleton University 25

Single W production

                                                              nn

                                                                                 ALEPH uses single W cross section to determine the

                                                                                ALEPH uses single W cross section to determine the

                                                                                 partial width of the W into (nearly) invisible final states

                                                                                partial width of the W into (nearly) invisible final states

                                                                                       ¯¯ egeg .                                                                small

                                                                                                                      .                                                                small

                                                                                       ¯¯ select single W events consistent with WW but only 1 W seen

                                                                                                      select single W events consistent with WW but only 1 W seen

                                                                                       ¯¯ result:

                                                                                                      result:

GG

WW

(( invinv )  <  27 MeV  at 95 % C.L.

)  <  27 MeV  at 95 % C.L.

                                                                                       ¯¯ other limits on

                                                                                                      other limits on

GG

WW

(( invinv ) :) :

                                                                                                                ˘˘ 41 MeV from

41 MeV from
ss

WWWW

((

GG

WW

)  ;  109 MeV from

)  ;  109 MeV from

GG

W W

(indirect)

(indirect)
n
c
n
c
c
c

~

,

~

,

 m
m

W

-

®

®

+

+

+

+

                                                                       "

         "

2

2
f
f

                                                                                                                4

                                                                                                                3
                  f

               ,

          0
f
f

f
f

2

A

V

A

V
e

                                                                                      B

                                                    F

                                                                                     B

                                                    F

         FB
g
g

g
g

A

A

A

A

+

º

                                                                                                  =

                                                               +

                                                               -

                           º

                                                                          s

                                        s

                                                                         s

                                        s

(coupling parameter)
(coupling parameter)
t
t

                                                                                                    t

       t

                                       q

A

P

                                                                                                                     A

                                                                                            A

P
e

-

=

                                                                 Þ

                                                                                                             ,

                                                  )

              (cos
f

4

3
f

0,

 /

            0

                                                                                                                    A

A

                                                                                              A

 A

FB

LR

                                                                                                       e

           LR

                                                                    R

                                                  L

                                                                    R

                                                  L

=

                                                                                =

                            º

                                                        +

                                                        -

                                                             s

                                          s

                                                             s

                                          s

ICHEP 98

                                             Dean Karlen / Carleton University
                                             Dean Karlen / Carleton University 32

                                                                                                  Z 0  lineshape  and FB asymmetries

                                                                             0.0108

                                                                             0.0148

                                                                             0.0188

                                                                             0.0228

                                                                                                                    20.6 20.7 20.8 20.9

Preliminary
l l

+ -
e

+
e

-

m

+
m

-

t

+
t

-
a
s

m
t
m

H

"

,

0

FB

                                                                                                                       A

"

R

aa
ss

(M(M

ZZ

22 )=0.119
)=0.119 ±

±

0.002
0.002
mm
tt

  = 173.8
= 173.8 ±

±

 5.0 GeV
 5.0 GeV
mm

HH

  = 300
= 300 +700+700  GeV GeV

-220
-220

68% CL contours
68% CL contours

ICHEP 98

                                             Dean Karlen / Carleton University
                                             Dean Karlen / Carleton University 33

Z 0  lineshape  and A

FB

 results

                                                              nn

                                                                                 Assuming lepton universality
                                                                                Assuming lepton universality

                                                              nn

                                                                                 strong coupling from
                                                                                strong coupling from  R R
ll

::

nn

Partial decay widths:
Partial decay widths:

nn

Invisible decay width:
Invisible decay width:

¯¯ will improve with reduced
will improve with reduced
luminosity error
luminosity error
nn

number of light neutrino species
number of light neutrino species

00096

.

0

01683

.

0

026

.

0

765

.

20

nb

058

.

0

491

.

41

MeV

4

.

2

9

.

2493

MeV

1

.

2

7

.

91186

                                                                                                ,

                                                                                           0

                                                                                        0

±

                                                                                                             =

±

                                                                                                             =

±

                                                                                                             =

±

                                                                                                             =

                                                                                       G

±

                                                                                                             =

"

"

FB

had

Z

Z

A

R

m
s

)

(

002

.

0

004

.

0

124

.

0

)

(
2

H

Z

                                                                                                                      s

m
m

±

±

=

                                                                                                           a

MeV

10

.

0

90

.

83

MeV

3

.

2

3

.

1742

±

=

G

±

=

G

"

had

L.)

C.

(95%

MeV

8

.

2

MeV

9

.

1

1

.

500

)

3

(

<

DG

±

=

G

D

+

-

G

-

G

=

G
inv

had

Z
inv "t

011

.

0

994

.

2

±

=

÷

÷
ø

ö
ç

ç
è

æ

G

G

G

G

=

SM

inv

N
n

n

"

"

ICHEP 98

                                             Dean Karlen / Carleton University
                                             Dean Karlen / Carleton University 34

Polarisation asymmetries

                                                              nn

                                                                                 large increase in statistics for SLD A
                                                                                large increase in statistics for SLD A

LRLR

 measurement
 measurement

                                                              nn

                                                                                 two new
                                                                                two new polarimeters polarimeters confirm previous measurementsconfirm previous measurements

2.1

s

Current LEP  Avg

SLD  A

L  R

Year

c

2

 /  dof  = 6.9 / 5