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‘ Introduction I

— 79 polarized: A, = e

Similar in decay:

Asymmetry at LEP caused by small parity
violation in leptonic Z° couplings:

— final state polarized Ay =
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| Observables I

e Residual polarization of final state
(measurable in 7 decays)

<PT>:O-T_O-I %_AT

Oy + O]

e Polarization asymmetry

ot 0F —ol)—(0F —of) _ 3,

Otot 4

e Forward-backward charge asymmetry

F B

Oy — O 3
Al = f:—Ae-.A
FB T oF 4+ o 4 f
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/Observables related to sin’f L:: \

_2(1 - 4|Qy| sin®0%)
T 14 (1= 4|Qf|sin20 L)
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ISR, 7, vZ and +/s modify pure Z° effects:

0.3
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‘Lepton charge asymmetriesl

Conceptually ‘cleanest’ measurement at LEP (in

particular p*p™)

e clear separation of lepton species

RTRK

ko unambiguous charge identification J
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4 N

e Al is ratio of numbers
— luminosity uncertainty and most slection

systematics cancel

e t-channel diagrams complicate eTe™ channel
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o
E DELPHI 92 — 95 (preliminary)
O
2 e'e” > u'u (y)
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©
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/ ‘ Systematics I \

Systematics of Apg measurement

e charge & efficiency symmetry of detector &
selection

e fiducial cut on angular range
(eTe™ t-channel)

e background (eTe™ for 777)

e physics (asymmetric acceptance for ete™, 7
polarization)

in general small, well below statistics.

A%’é determined in global lineshape fit to o and
asymmetries, accounts for all effects of ISR, ~,

vZ and +/s.

t-channel correction done with
ALIBABA/TOPAZ.
Introduces additional systematics of ~ 0.0013

and correlations with o +.-.

Q Common to all experiments J
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Results
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Results

ALEPH e 0.0181 +0.0033
DELPHI - 0.0189 + 0.0048
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| |
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/ ‘Lepton cross sections and asymmetries I \
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‘ Asymmetry at LEP2 I

Measurements continue at LEP2

e v exchange dominates, o4y reduced by factor

~ 500, correspondingly less statistics.

e analysis separated for inclusive

e large fraction of ‘radiative return’ events

(1/s'/s > 0.10) and non-radiative

(\/s'/s > 0.85)

YN
n o

Events / 0.10
o
o)
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ee —> up +
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‘ Asymmetry at LEP2 I
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‘ Quark asymmetries I

Hadronization obscures both flavour and charge

of the primary quark.
Precise measurements possible for b and ¢

Two principal methods:

e particle tag (leptons, D-mesons) gives both

quark flavour and charge.

e lifetime tag selects flavour,
jet or hemisphere charge determines
(statistically) primary quark charge.

_ Zz Qi|pl;||ﬁ
Qjet — T
Zq: |p; |”

N /
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‘ Lepton tags I

Classical method to determine charge & and

flavour of heavy quarks.

e Several sources must be distinguished

b->I b->c->I|
/
] vy/ /b'/W, W/
L c
c ->| mixing
c w.” b b W

e Separation based on (p, pr) of lepton

w.r.t. jet axis

(c)c-1

2500
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4 N

e Further improvement using additional info

(lifetime, jet-shape) and neural net

b-e Coe
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e Uncertainties from

— lepton spectra
— leptonic branching ratios
— mixing

Best to determine A%y and A%y (+ mixing)

in common fit.

ALEPH DELPHI L3 OPAL

Ab X X X X
AS X X
X X X

N /
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‘ D®™) reconstruction I

D®*) mesons originate from two sources:

1. primary ¢ quark + fragmentation quark

2. Deacy product of primary B meson

— both heavy flavour tag and charge id

D mesons reconstructed in various channels:

D+ K nt, Dt - K ntnt

D*t — D%t
5 K—nt
& K—nt 70
- K~ atn ot

.

N /
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Slow pion characteristic signature for D*:
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D reconstruction used for Ay by A D O.
Background from B — D decays controlled with

D-momentum, lifetime, jet-shapes.
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/ ‘ Jet charge I

o Efficient & pure lifetime tags to select bb

events.

e charge asymmetry

Nr — Np

(QF — @B) = N, - Vs (Qy — Qy) = ArB

e For a single flavour 0 measured with data:

0~ —4QrQB)

(%0} E
= 3r 6
C _|[— Total, Measurable b
D25  Distribution
> 2f---- Quark Backward
S s ontribution o
—~ 15
D R uark Forward e %
L2 1F ontribution A
Losf SN I
g ! T ‘/‘ GFB Tpee
0 2 -1 0 1 2
Charge Flow = Qg = Q¢ - Qg
n T
= 3
C _— Total, Measurable
D 25F Distribution
> 2f---- Quark Backward
< s ontribution
— 15
2 e uark Forward
o ontribution
= C
<osf
O: \ \ el L eShe

“‘—2 R —1““0“‘1‘ 2
k Total Charge = Q = Qg + Qg

Y

~

d \J

/
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e Correction to d due to charge bias,
background and correlations.

e Analogy to Ry double tag: Observable and

main correction determined with data.

o Effects of QCD & BYBO mixing ~ absorbed

in ¢
e Sophisticated techniques to extract maximal
information:
Fit as function of
— b-purity

— cos b

— K (Qjer = X2, Qilp[* /3, P |7)

N /
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/ ‘ Alg corrections I \

q 0 AY.49
Measured ALg — pure Z° Agg

e ‘oblique’ corrections due to ISR, v, vZ and
V'S

e Large QCD corrections (= error), depending
on details of analysis

(@ (b) (©

ft -~
cy\ gluon [ 1 q g\ q
- — + — hard
e \l// g ° \l/' q gition \//
thrust
axis

Afp = (1 — Bepdqop) AFS

— dgcp analytically calculable (~ 5%)

— Begp additional experimental bias,
specific for experiment and method:
leptons 0.5
D recon. 0.2

k jet-charge < 0.1 J

Giinter Duckeck January 1999




\oawuu v woy IIIIIIIIIIII e A

/ ‘ Combination of heavy flavour results I \

Averaging heavy flavour results from different

analyses & experiments complicated due to

e (Correlations between e-weak observables

(Rb7 RC)

e Correlations between physics input (mixing,
production and decay rates)

LEP & SLD agreed on common definition of
input parameters & errors.

Averaging done by fit to 88 input quantities
from LEP & SLD

— 17 fit parameters.

N /
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Acp(V9)

0.15

o

0.1 |

‘ A%’E energy dependence I

0.05 |

0 o AP -

FB

| AC

| FB
-0.05 .
) I R R SRR R
0'189 90 91 92 93 94

Vs[GeV]

Off-peak measurements consistent with SM
expectation.
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AO,b
B
A at Vs= m,
FB
ALEPH IePtons —to—
[11990-95
DELPHI Ief)tons »
[11991-95
L3 leptons —A—
01990-95 ~ eeeede
ALEPH 'iet—ch ——
01991-95 | eeeees
DELPHI !'let-ch —lm
(11991-95
L3jet-ch A
[11994 = ecceccccccs
LEP
Summer 9?5’3
107 10 2%, [Gev]
% .V.
2 .
I B
S 10 2_— :
008 009 01 o011
\0bD
FR

o

results

0.0965 + 0.0044 + 0.0026
0.0998 + 0.0065 + 0.0029
0.0963 + 0.0065 + 0.0035

0.1040 + 0.0040 + 0.0032
0.0979 £ 0.0047 + 0.0021
0.0855 + 0.0118 + 0.0056

0.0990 + 0.0021

Include Total Sys0.0010
With Common Sys 0.0007

E] m, =175.6 £ 55GeV
1 ol =128.896 + 0.090
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DELPHI leptons
5%91-95

L3 leptons
0 1990-91

DELPHI D’
[11991-95
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Summer 9§

10

m, [GeV]

10 F

0,c
AFB results

A at Vs = m,

FB
1 '-_. 0.0770 + 0.0113 + 0.0071
CA 0.0784 + 0.0370 + 0.0250
|
,,Lm_ 0.0658 + 0.0093 £ 0.0042
Y 0.0709 + 0.0044
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With Common Sys0.0011
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/ ‘ Tau polarization I \

7 only fermion where polarization

measureable.

o (V — A) structure of 7 charged current

decay causes maximal parity violation.

e Decay directions in 7 rest frame depend on

polarization.

Most evident for 7 — v

T direction>
—

dN
d cos 6*

cos 0* in 7 rest frame related to E/FEpeqm in lab

x (14 P cosf™)

frame

E
cosf* ~2—" 1
beam

N /
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Other channels less direct:

o T e Vel & TT — pu Vv, are 3-body
decays into 3 spin 1/2 particles, only
observed
— signal strongly diluted

e Decays modes to spin-1 mesons (p, a;) more
complicated, two spin configurations of the
meson. But subsequent decays (p — 2,
a1 — 37) give info on meson spin state.

— part of 7 polarization regained

T — evv T — TV T — pv T — ajv
T — puvv T — Kv
Br 0.35 0.12 0.25 0.09
Sens. 0.22 0.58 0.49 0.45
Weight 0.12 0.30 0.44 0.13

N /
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Polarization determined by fitting MC spectra
for (P.) =1 and (P;) = —1 to data.
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Recent progress by new ALEPH analysis:

/1\

B

Improves sensitivity of a; and p channels
(0.48—0.58)

fold ambig.)

717~ direction determined for whole event:

T direction given by in-

tersection of cones (2

o

r 2500 F
4000 3
+ o
3500 . ALEPH preliminary L TR ALEPH preliminary
[ P 2000 [~ - =+
[ L | +
3000 [ by ; +++
b Pobe -+ e
, T R e,
2500 |- L 1500 T
| o+ 2
r I ! Rho without direction L e
2000 |- - e -
r | = 1000 |- | &
1500 |- | B Fi -
[ 4 F
1000 : ST r
[ ! == 500
[ o | ) _—
500 i ! Rho with T direction
Foe [
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d(

(P;) and Ax;
T>/dcos@

‘ Angular distribution I

determmed by fitting observed

Channel P, dependence on cos©

(t direction method)

s o
et

et

L Universality

ALEPH

e
IR

Non- Un|ver3%l|ty+

cos©

0.1- == Universality

0.2 ¢ Data
E — No Universality

L3

~
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| Combined Results I

ALEPH - 0.1452 + 0.0069 ALEPH » 0.1505 + 0.0070
DELPHI —of 0.1381 + 0.0124 DELPHI - 0.1353 +0.0125
L3 —lo— 0.1476 + 0.0125 L3 —e—  0.1678+0.0133
OPAL —e 0.1340 + 0.0167 OPAL —o— 0.1290 + 0.0157
LEP . 0.1431 + 0.0045 LEP * 0.1481 + 0.0052
X%/ DOF = 0.7/3 X*/ DOF = 4.8/3
10°r 103
% %
o o
I I
g =
102} 102k
| | | | |
0.1 0.15 0.2 0.1 0.15 0.2 0.25
A, A

Systematics mostly uncorrelated among
experiments: Detector simulation, PID and
calibration.

Correlated sources (a; decay, 7 Br’s, corrections)
at the level.

N /
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Results by Channel I

A measurements by channel at LEP

T — - P - ALEPH
. ° DELPHI
— —* OPAL
W w1
| . . | . . | . . . |
10 20 10 20
T (23%) [V ALEPH
p (28%) e DELPHI
a,(3h) (88%) L3
e (82%) ——e——  OPAL
M (100%) L L
10 20

A, measurements by channel at LEP

s 1o P ALEPH
—— — DELPHI
—— —— L3
—— —— OPAL
10 2 TR 2 0
—— a(3h) e ——
PR PR I T S T T T TR
10 20 30 10 20 20
T (27%) e M ALEPH
P (92%) = DELPHI
a,(3h) (75%) e 13
e (28%) ————  OPAL
K (21%) N B BRI
10 20 30
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4 N

| Detector characteristics I

Significant differences in precision already
reflected in 7= — v, p~ efficiency & purity.

ALEPH DELPHI L3 OPAL

eff. 51% 41 % 58 % 41 %
bkgr. 8.9 % 15 % 10.6%  27%

T polarization poses specific challenges on ECAL
performance. Most crucial 7° id and separation

of 79, 7% showers.

ALEPH DELPHI L3 OPAL
Magnet 1.5 T 1.23 T 0.5T 0.435 T
ECAL
granularity 3 X 3em?2 2 X 2¢m? 2 X 2em? 10 X 10cm?2

energy o /E 0.18/VE 0.32/VE 0.02/VE 0.06/VE

N /
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‘ Interpretation I

Lepton universality'
Couplings ¢!, & §' given by:
Ty o< (§4)* + (9a)°
AFB X (@i/@éy
(Pr) and AFB X (gv/gl)

0.031 | P'reli'mi'na'ry_
-0.035 - _|
>
>
-0.0394 = A _
—I'T
----- e:ei
......... W
=TT 0
0043 68/"CL
-0.503 -0.502 -0.501 -0 500
9al

o

~

/
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Preliminary
A0 —— 0.23117 + 0.00054
A 0b —A—  0.23225 = 0.00038
Ag0c A 0.2322 + 0.0010
<Qq,> v 0.2321 + 0.0010
Average(LEP) —O- 0.23189 £ 0.00024
x/d.of:3.3/5
Average(LEP+SLD) -O- 0.23157 £ 0.00018
x°/d.0.f.:7.816
10 3—_
>
&)
S,
T
€ 1 2] # 1/a= 128.896 + 0.090
] @ m=173.8 + 5.0 GeV
. , .

T T T
0.230 0.232 lent 0.234
. 2.lep
Sin“0

x? quite ok now, was 12/6 at EPS 1997
(P(x?) :5% — 25%)
Arr and AOF’]g disagree by about 2.5 o.
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‘ ple vs sin0 b I

r 1

l X p _
1—Ap

« 101

ko)

a

1.005 |-
gl QTDA‘*’%%—»,_??:%'”

| L |
0.231 0.232 . 2 it
sn @W

Presence of genuine electroweak corrections with
>99 % C.L. (mainly due to p)
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Pulls for SM fit I

Vancouver 1998

Measurement Pull Pull
3-2-101 2 3
m, [GeV] 91.1867 +0.0021 .09
r, [GeV] 2.4939 + 0.0024 -.80

Op.q [Nb]  41.491 +0.058 31
R, 20.765 + 0.026 66
AYC 0.01683 + 0.00096 .73
A, 0.1479+0.0051 .25
A, 0.1431+0.0045  -.79
sin’g"" 0.2321+0.0010 .53
R, 0.21656 + 0.00074 .90
R, 0.1735+0.0044 .29
AP 0.0990 £ 0.0021  -1.81
AY 0.0709 + 0.0044  -.58
A, 0.867 £0.035  -1.93
A 0.647 + 0.040 -.52

sin’6”  0.23109 +0.00029 -1.65

sin’e,,, 0.2255 +0.0021  1.06
m,, [GeV]  80.41+0.09 43
m, [GeV] 173.8+5.0 54
1/0®(m,) 128.878 + 0.090 .00

321012 3

Overall x?/d.o.f. ok with 15/15, no

measurement more than 2 o away.

but AOF’]g, Arr & and A, alone give x* = 9.7.
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‘LEP and SLD asymmetries I

SLD
LEP(A® )
FB
- L EP(leptons) .
014 0.16 0.18
Ae

~
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a Summary) A

e Lepton charge asymmetries essentially
finalized. expected.

e Heavy quark asymmetries full statistics
analyzed. in some areas

with refined analyses possible.

e Precision of LEP tau polarization
substantially improved last year. Most

analyses use full statistics. Some
likely.

e Discrepancy in sin2Helff measurements

significantly reduced ( ).

Standard Model still in perfect shape !
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