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New Results from

e LEP I and LEP 11
e SLD

e BES II at BEPC (Beijing)

e Theoretical Developments

e GLOBAL FIT TO EW DATA

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka. A. Gurtu




Plan of Talk

e LEP I & SLD:
Precision Measurements around the Z

e LEP II:

— Fermion Pair production including
heavy quark production & asymmetries

- W*, W*W~, ZZ cross sections/ BR'’s
— Triple/ Quartic Gauge Couplings

— Other topics

— W Mass and Width

e Global Fits to EW data = My

e Future Prospects - Tevatron and LHC
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Z Lineshape

Experimental Input:

Precision measurements of cross sections
& lepton forward-backward asymmetries

f=epu,71.q

ete™ — €€, hadrons

e 17 million Z studied
(15.5M hadronic; 1.7M leptonic)

e Aleph, Delphi, L3: Final;
Opal: near Final Analysis

o
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e Experiments: Detector Upgrades (LUMI)

e LEP machine/energy groups: Model incorporat-
ing environmental effects - Earth Tide effects,

Leakage currents due to passing trains
e Theoretical improvements:

— ZFITTER 6.23 (D.Bardin et al)

—~TOPAZO 4.4 (G.Passarino et al)

— ALIBABA (W. Beenaker et al), e'e” —
e"e(v)

~ BHLUMI 4.04 (S.Jadach et al)

— Contributions from G.Degrassi et al,
G.Montagna et al, B. Kniehl, J.Kuhn et al,
F.A.Berends et al, B.Ward, Z.Was, ...

Overall theoretical errors very small

AMz : 0.3 MeV; ATz : £0.2 MeV; Aoy : £0.02%
(different options for photonic and fermion
pair radiation)

AR, £0.004 (ZFITTER-TOPAZO differences in
parametrising observables)
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Extraction of Z parameters

e LEP EWWG: Procedures for Combining LEP
data including Common Errors

(LEP energy, theoretical errors in t-channel
correction for e'e” final state and in Luminosity
determination)
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Extraction of Z parameters

Ohad™= ﬁ‘r&i‘?“‘ R= I—{'f“
FB™ SA*?AH Ai= ‘Ef:;'f?;ﬁﬂ:
Comm. syst| 1990
Value Error Error
Mz 91187.6 + 2.1 MeV 1.7 21
'z 24952 + 2.3 MeV 1.2 14
oh.a 41.541 + 0.037nb| 0.014 0.52
R. 20.804 + 0.050 0.014 see
R, 20.785 + 0.033 0.004 |partial
R, 20.764 + 0.045 0.004 |widths
Apn 0.0145 + 0.0025 | 0.0004 see
Apk 0.0169 + 0.0013 | 0.0003 |sin?g/%
Ays" 0.0188 + 0.0017 | 0.0003 |- do-
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Extraction of Z parameters

0.022 -
| Test of Lepton
00181 UNIVERSALITY
= ‘a- ‘
00141 R, = 20.767 + 0.025
| Asb= 0.01714
* + 0.00095
mﬂ.ﬂ

Partial 1990

Width (MeV) | Error
r. | 83.92+ 012 | 1.0 | ! Ne.= 2984 £ 0.008

[, | 83.99£0.18 | 1.3 | Using M= 80170,
I, | 84.08 +0.22 | 1.4
'y |83.984 + 0.086 0.7
Faaa| 1744.4 + 2.0 | 16.0 | 2t 95% C.L.

[= AT, <20
Dinv | 499.0 + 1.5 13

ATE, = —2.711§5 MeV

mv
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Z Couplings to Leptons

7 Polarisation at LEP

A (1 + cos?d) + 2A.cosf
1 + cos?0 + 2A.,A.cosf

P, (cosf) = —

Averaged over cosf = A, [New ResulT From
OPAL To Conf. ]

As function of cosf, P.(cosf) =

almost uncorrelated measurements of A, A,

LEP: A, =0.1439 £ 0.0042 A, = 0.1498 + 0.0048
= A; = 0.1464 £ 0.0032

Combine with A; from Aj; measurements:
= A,(LEP) = 0.1481 + 0.0026

SLD: 550k e*e~ — hadrons events with polarised e,
Left-Right Asym: Apg = A, = 0.1514 £ 0.0022

Left-Right Forw-Back Asym in e‘e” — £'(~ events:
A. =0.1544 + 0.0060; A, = 0.142 £ 0.015;
A, =0.136 +0.015

Combine with A, from Apg measurement:
= A,(SLD) = 0.1513 + 0.0021
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Z Couplings to Leptons
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Z Couplings to b, ¢ quarks

LEP & SLD: Cross sections R;, R,

[(Z~ |
Rq= [‘{Zihagns}’ Pq o< [(@V)* + (83)’]

LEP: Forward-Backward Asymmetries Ajy, ALn
Afp = 1AeAq

SLD: Left-Right Forward-Backward Asymmetries,
Aba Ac

_ __2B%E;
Aa= e
Combining LEP + SLD data:

Ry= 0.21649 + 0.00072|R.= 0.1683 + 0.0038
A= 0.0980 + 0.0020 |Ap5= 0.0689 + 0.0035
Ay= 0922 + 0.023 |A.= 0632 =+ 0.026
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Z Couplings to b, ¢ quarks

0_13 T T f'_l_l_l_l_l—'—'l‘—'

Preliminary

0.17 - 1
o, 1 1
E : | -
0.16- -

015 4 e
0214 0216 0218 0.22

R,°

. R. now within 1o of SM prediction

(SM Ry, R.: 0.21583, 0.1674)
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Z Couplings to b, ¢ quarks

LEP SLD LEP + SLD
(A= 0.1481+.0026) (A= 0.1500+.0016)
Ay 0.890 +.024 0.922 +.023 0.898 £.015
A 0.619 +.035 0.632 +.026 0.624 +.020

LEP+SLD A, is 2.70 below SM: 0.935

A = SLD Ay ]
D , et
!i|1..1“‘!'!|i- w |11 ;! L
0-9 HHAH I . it SRRl At ISRt
< = ]
0.8 = _
|LEP+SLD A, E5| LEP A3}
0.7 —

013 014 015 016 0.17
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. 9 lept .
mnzﬂfg’ from Asymimetries

Preliminary
A, 0 —o—1 0.23099 + 0.00053
A = 0.23192 + 0.00053
A, —e— 0.23117 £ 0.00061
A, 0b —a— 0.23227 + 0.00036
A, 0¢ —a—y).23262 £ 0.00082
<Qq> v 0.2321 + 0.0010
Average(LEP) -0~ .2332:& 0.00023

ﬂ. A
A(SLD) el 0.23098 + 0.00026
Average(LEP+SLD)-® 147 £ 0.00017
)T z'on'ﬁ 121/8 e

102

; (1980: 0.2301+.0020)
Q
O
—ar
E: ®)
' =t 0.02804 + 0.00085
10 ::*:m-"'&_no + 0.002

[ 1743 + 5.1 GeV

0.23 0.232 0.234
sin2g>"
eff
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Z Couplings to s quarks

New result from SLD: 550k hadronic events;
s-quark tagged by high momentum K=, hg
& absence of B, D mesons.

Left-Right Forward-Backward asym:
A= 0.895700% 4

= {02+ 040

As
K'K Mode ]
. P<0

o SLD
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LEPIIL: Operation
LUMINOSITIES RECORDED -2000

200000717 15.46
40 : ) %
] RMS 1.142

Luminosity defivered per experiment (pb ™)

206 208 210
Centre-of-mass energy (GeV)

2000: LumivesiTy <otL€cTed [ExeT
Now A~ 11§ Pb

(1996-1299 . 47%S P‘L-‘/E’--KPT)
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Theoretical Developments

To match

e superb performance of machines (LEP,SLC,Tevatron....),

e excellent high resolution detectors, experimental analyses,
e need matching THEORETICAL predictions
4-fermion processes
(see LEP2MC workshop proceedings hep-ph/0005309)
o —o(W"W~) to 0.4%: ( Use of Double-Pole Approx - valid
much above threshold) (RacoonWW, YFSWW3)
- o(1-W) to 4-5% (Use of Fermion Loop Scheme)
(WPHACT, gredf)
- (ZZ) to 2%
(YFSZZ, ZZTO)

e GENTLE v2.10 now corrects for overestimated Coulomb
correction: agrees well with RacoonWW,; still ~0.75% ISR
related uncertainty

2-fermion processes

ZFITTER, KKMC give

better than 0.2% accuracy in o(tot), of hadrons, leptons
0-2-0-4% Q11 AFB

KKMC 1st MC for LEP, LC, pu-colliders, 7, b factories

e e ————

Overall Excellent | EXPT «— THEORY| Match
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LEPII: 2-fermion

Far above Z, return of Z:
preliminary

+ Data 200 GeV L3
150- Dl*ﬂ-ﬁ
Ele‘en'y
Eww
Clothers

g

md?fﬁw

s

Vs’ = mass of outgoing lepton pair or Z/+" propagator,

— Inclusive Production: §'/s > 0.01
— Exclusive (high energy): §'/s > 0.7-0.8

Cross sections, asymmetries determined for
hadronic, leptonic events & heavy flavours (b,c)

Comparison with SM provides limits on new physics:
(Contact Interactions, Z’, 7 exchange, extra dimensions,...)
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LEPII; 2-fermion

E(CeV)
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/s /GeV
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LEPII: 2-fermion
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LEPII: 2-fermion
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LEPII: W-Physics, WTW~

e W
- <N
YVe

L
s w

SM branchings B(W— qq') = 67.6%,
B(W— ( 7) = 10.8% per lepton flavour:

e BIW'W- = qq'qq) = 45.6% 4 jets
High Multiplicity, balanced events.

e BIW"W™ - qq¢ 7) = 14.6% 2 jets, 1 lepton
for each lepton flavour
Hadronic events with energetic lepton or
narrow jet (7)

e B(WW- = ¢35 v) = 10.6% 2 leptons,
summed over lepton flavours
Low multiplicity non-hadronic events,
acoplanar isolated leptons

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka. A. Gurtu




LEPII: W-Physics, WTW~
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LEPII: W-Physics, WYW~

Energy dependence: combined LEP W*W~ cross
sections

21/07/2000
LEP Preliminary
2T e RacoonWW / YFSWW 1.14
* w= Gentle 2.1 (£0.7%) .
g sl
;’D
0 F
5 B i
[
ﬂ=|1|||II ol i £ e T P S N PR T
160 170 180 190 200 210
Eom [GeV]

Excellent agreement with SM
Theory error improved: 0.7 - 0.4% (170 -200 GeV)
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LEPII: W-Physics, W hadronic BR

TNRTE
Surnimer 00 - Proliminary - [161-207] GeV

Br(W—hadrons) [%]

ALEPH 6r22+ 053
DELPHI 6781+ 081
L3 65.47 ¢ 060
OPAL 6786 + 0.62
LEP @ 67.78+ 0.32

Br(W—hadrons) [%)

Determination
of | Vo, |:

BR —
\-BRj,g ~

AEI0+%

Direct determination of | V,; |: identify charm

in W-jets (\WW — =)

OPAL: v —=X) — 0.47 £ 0.04 % 0.06

=V |=091 £+ 0.07 £0.11

LEP

’Vcs} =
0951 (-08
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LEPII: W-Physics, W leptonic BR

2120772000
Summer 00 - Preliminary - [161-207] GeV

W Leptonic Branching Ratios
PH 194 0.
DELPH :;:-.;3; 0.45 W=ev B.R.
oPAL 082: 037 D¢: 10-5o0% ﬂ*%ﬂs
LEP W—sev 10682+ 020 CDF: lo- 39 =0
DELPH 10.68 + 0.34
L3 987+ 0.38
OPAL - 1056+ 0,38
LEP Wouv 1060 + 0.18
ALEPH 10.53 £ 0.42
DELPHI 11.28 + 0.56
L3 1164+ 051
OPAL 10.69 + 0.49
LEP W—1tv 1107+ 025
LEP W-lv 10.74 £ 0.10

DELPHL 161-202) GaV
- o b~ S

Br(W—iv) [%]
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LEPIL: VWW - Triple Gauge Couplings

TWW,ZWW couplings

7 Complex couplings for each:

(9},1 9-?: gg! Ky, ’\V'r RV& ‘ilf’)

3 Conserve C- & P-

3 violate CP

=

> = 1 violates C-, P- (?“)
w , but conserves CP s
w*

l; »> v

e

Initial studies: only CP conserving TGC’s:
giz! Kyy Ay
& fitted ONE TGC at a time (others = SM values)

SM Values: gi=1,x,=1, A, =0
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LEPIl: VWW - Triple Gauge Couplings

Now higher statistics:

C-, P-, CP- violating couplings under study
2- and 3- parameter fits being carried out

tive O bles:

Cross sections, energy, angular distributions

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka. A. Gurtu



LEPII: VWW - Triple Gauge Couplings
Example of single v study: L3

- L3 Preliminary vs=192202Gev  b)
- « Dala

o#-— Standard Model = — »
gres L W
' ' g
"
2 v

0 01 02 03 04 05 08 07 08 0% 1

:
X LEP single W
% Cross section
e’ i
o |
i\’
W - ff € =
“mL POy ll‘In‘ PR IIH. 3t % .i'jma. §:'a .ﬁ. Ay, m

E. [GOV]
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LEPIL: VWW - Triple Gauge Couplings
Example of W-pair study: L3

4001 4 1999 data: gglv ' 1999 daa: qqlv E
T1 signal 2501 I\ signal
'@"&‘-ﬂ " '?" i "
300{ 11 Aghe-1 ! 200{ 17 Aghe-1

g

“§
H
o

Number of Events/0.2
Number of Events/0.2

8
g

%
%

e ST

i £ A
-1 0.5 0 0.5 1

Extensive studies by all LEP collaborations
= LEP combination of data

From Tevatron: no submission to the conference.

DO Published results combining

W+ WW — dilepton, WW /'WZ — evij, uij WZ — trilepton
data,

Ak, =—008+034, )\, =0.00'22 and

-0.37 < Ag? < 0.57, fixing Az = Axz = 0 & assuming SM values
for WW+~ couplings.
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LEPIl: VWW - Triple Gauge Couplings

ALEPH +DELPHI +L3 + OPAL

(A- PARAMETER FLTS)
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LEPII: VWW - Triple Gauge Couplings

aia L | L] Lil M | L ) | ] o
LEP Pretminary ILEP Pretiminary
0.15- " 0.154 9
H. 0 4 & 04 “
0,151 . 0.15 "
|— e8%CL ~— 88% CL
; %&..m v 0.3 +— 95% CL ..“ v
£H3 D15 0 0.156 0.3 £H3 DI 0 0.15 03
03 T T
ILEP Prefiminary
0.15 E
¥ o 4
.15+ .
— 8% CL
- o5 ¢t ® SM
3 - ==
03 015 0 0.15 03

(2- PARAME TER F u**\w
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pAmalyss extended to all TGO peaamstens
sOpe diensson Bt -u.uh_nm.ﬁ.u S M. vahue

& |-0.1927 310 [m omT__'
1A | o1 Toos | (0147 0427)
%z |-0.08573 1 2% [0.29. 0.144]
A | 00737000 F [0.119, 0.248]
ol | 0063T0300F (0819, 0721) |
;d ~0.020302E ¥ O03 | [-Lows 00m]
gl | 00e7 048t {0384 0508] |
L3 {oll WW chamness ||
Axz | —0.0137% “_',__'__ [034, 0.12]
Az | —0.014 m (034,016
-Mi?m' ]' [0 037] |

» OPAL - Hu-&h[lm-n M-ﬂnm




LEPIL: ZZ & ZZV Couplings

ZZV couplings studied via ZZ, Z~ production

ZZ production above /s = 183 GeV at LEP

Standard Model Anomalous
e * e Z
e jer
e AVAVAVA e
7 Z
e NAWNT e .
V=(Z,Y i
. iel 7y

e—"\V\V\Z e

SM: ZZV coupling is zero

Anomalous ZZvy, Zvyy couplings
— increase production cross sections
— modify v polar angle ¢ at large ¢

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka., A. Gurtu



LEPIL: ZZ & ZZV Couplings

21 TrIRGD

LEP Preliminary

1Fa

1680 24

170 %o ) % Vs (GeV)
E,; 1GaV]

— For ZZV (ZZ prodn.) Hagiwara et al.,
Four couplings: f} : CP— violating;
fY . CP— conserving

— For Z~V (Z~ prodn.) P.Mery et al., GounAR:s el
General formalism incorporating energy scale (A) of
new physics:

vah! 1
=gt =13
ms A5/
hY |
my A

i = 1,2: CP violating; i = 3,4. CP conserving.
Unitarity: hf — 0 as 8§ — 0

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka A. Gurtn



LEPII: ZZ & ZZV Couplings

1 T ' T T . F—q——-

0.5+
IH_'I' 0.
0.5
FRoM
-1+
2z
PRODN. 2
Nw -
2
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LEPIL: ZZ & ZZV Couplings

o-a L] L n
WLEP Prefiminary
0.151 .
= 0 -
0.15 J
1— e8%cCL
- 956 CL ® SM
0.3 < ’ ;
03 015 0 015 03
h{
a’-‘ L] ™ L o L] !
LEP Preliminary
0..3" -
01 .
-0.3- -
1— 68%CL
- 95% CL ® SM
06 - P
06 03 0 03 06
hs
FRom ZY

X I —— .
LEP Preiminary
0.154 |l
‘E" 0+ o
0154 3
03 SR CL ,
03 015 0 015 03
h{
o‘a . 1 g L] 4 LI !
LEP Preliminary
0.3 4
"o -
0.3 .
1— s8%CL
64— BECL o, O
06 03 0 03 086

PRobuc TION
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LEPII: W/Z - Quartic Gauge Couplings

SM predicts WWWW, WWZZ, WWZy, WW
Couplings
Small at LEP, important at TeV linear Collider

Six dimension operators:

2 o T
- [ £ 1y i /
Lﬁ - _]rjr".-“ﬂF” F.turH’ : H’fr*

<@ - -
Lh - _mu:_‘}' = F‘_uffli. £ IJLJ:H_

o £ [ Vet ey e | Ty A
LE: — —-—-11{;1%.‘[1”{_,'1];H"“”]i',f 4! H‘MF""

Anomalous Quarkc
Coupling. ~Oubside ~ SM

F.W are photon and W fields

LY, Lg: conserve C-, P- separately, L} violates CP.
A : scale for new physics,

ag, Ac, ay: Couplings
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LEPIL: Z~vyvy - Quartic Coupling

L3: All LEP 11l data, 130-202 GeV, Z~y state
Z — qq decay mode

e Y
Same dimension-6 operator
Z formulae:
couplings ag/A?, a./A?
€ Y
d) 1 = e L3
» [ T s e

10
0 gt B 0 120
vy recoll mass (GeV) Vs (GeV)
Results

—0.007 < ag/A? < 0.005;
—0.006 < a./A? < 0.011 GeV*

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka A. Gurtu



LEPIL: W/Z - Quartic Gauge Couplings
L3 use WW+ (at 189 GeV) & yywv (at 183-202 GeV)

h?
B-l-
¥
7
£ N
WW+, 42 evis,
o =290+ 80 + 16 fb
—— O o
Wi L
TYvv, 84 evts, i} i
E, >5, 1 GeV | v

After final cuts: 0 data evt.

Combined analysis:

—0.035 < ag/A? < 0.034 GeV 2,
Wl —0.07 <a./A? <0.11 GeV™2,
o —041 < a,/A\° < 037 GeV™*

Precision Tests of the EW Gange Theory, ICHEP2000, Osaka. A. Gurtu



LEPIL: W/Z - Quartic Gauge Couplings
Opal (1999)

ad(WW+) =136 +36+8 fb

0.070 < ap/A* < 0.070 GeV 2
0.13 < a./A* < 0.19 GeV 2
0.61 < a,/A* < 0.57 GeV—2

Aleph

189-202 GeV ~vy(vv) cross section data

0.045 < G[]/A? < 0.042 GEVHE
0.115 < a/A% < 0.115 GeV -2

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka. A. Gurtu




LEPIIL: Zvvyy - Quartic Coupling

Preliminary L3+OPAL

a/A
LEP Combined values (vvyy + WWry + Zvv):
Ai

—0.0049 < ag/ < 0.0056
—0.0054 < a..< 0.0098

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka.

A. Gurtu



LEPII: W Polarization

SM conserves CP in ete™ — WIW~:
W helicity fractions (+1, -1, 0) =
W~ helicity fractions (-1, +1, 0)

L3 updates it's study of W decays.
Full 183-202 GeV data sample

qm— .
o
T~
fu | _
T
° 25 o X 3
cos 0*
-'m' I 13 ] 'I'.'.'ILS'
- 8 [ SaEada W = hadrons :
S [ Felichy (2)
.
¢ B e i}
5“- * _’_ -‘H_____“—n—lﬂlﬁ—l—*-—'
a R . v ¢
e N Y S R
cos 6*
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LEPII: W Polarization

W~ helicity -1 +1 0
Data (W~) [0.565+.060|0.181+.032|0.254+.049
W+ helicity +1 -1 0
Data (W+) |0.559+.068|0.177+.036 |0.264+.049
Monte Carlo 0.576 0.176 0.248

Agreement with SM:

1. helicity 0 needed
2. * helicity fractions of W~ & W' flipped
as expected

OPAL Spin- densily Melhod ow W-rdv
md W-3 93"
%

UJTuT

. 2o 33 x 43 %

SM: 25:F 7
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LEPIIL: FCNC via single top

FCNC in SM: highly suppressed. Higher predic-
tions in multiple higgs, SUSY, quark singlet, com-
posite models (upto BR =~ 1072).

at LEP: Search for e"e™ — té(u)

CDF limits on FCNC t decays:
BR(t — yc¢/yu) < 3.2%
BR(t — Zc/Zu) < 33%
both at 95% C.L.

FCNC transition vertices 7Z — tc(u):

7= Me:qapyq 2 — x e

A ; H.’ﬂ
sin 26w

A: new physics cutoff scale =My, k., kz define
strength of anomalous coupling.
CDF: 2 < 0.176, k7 < 0.533
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LEPII: FCNC via single top

Delphi, L3, Opal: 189-202 GeV data. Final states:

e"e” — t€ — WbE — ggbc or fvbe
Use b-tagging, E., E;, almost fixed (and small).

Both channels main bgds: W W™ and QCD evts.

Delphi o(e"e™ — tq) < 320 fb, 95% CL

Opal o(efe” — tq) < 390 fb, 95% CL

L3 95% C.L. upper limits on the cross section (fb)

Leptonic | Hadronic | Combined
o measured 162 344 136
o expected 199 324 160

L3: ole'e” — t€) < 136 fb at 95% C.L.
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LEPII: FCNC via single top

L3 preliminary

B m, =170 GeVic*
- III.-"!“MH‘
B m,, =180 GeVic*
B coF

Excluded

Excluded

PpEgeeeeseen

%0 01 02 03 04 05 08 07 08 09 1

K,
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LEPI: CPT test

Opal: 1st Test of CPT with 7 Leptons
Data: 159K 7-pair evts 1990-95 around Z.

Pseudomass method

my, =my; — 2B, Ep +2| p; || pi. | cos ) + mj;

h = hadronic system, ¢' = angle between r & hadronic system.
Set m, =0, E. = Epom, ¥ unknown; assume = 0

Obtain 7 pseudomass using hadronic system within cone
of 35° of leading particles in event.

.!: Pseudomass m], for

i o B T — In*v,
0
u i
% Cut-off gives true mass
20 v =]
': Tail: bgd, resolution, ISR.
14 15 16 17 15 19

m {GeV)
o

o) = (0.0 4 1.8) x 1072

or %"é? < 30x 1079 at 90% CL
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LEPII: W Mass and width

Precision determination of My, I'y:
A major goal of LEP 11

e Check of internal consistency of the SM
e Improvement of My, prediction

Mw determination

Known CM energy:

reconstruct the W’s using kinematic fits,
fit the invariant mass distribution

Individual LEP expts: syst err >~ stat err ~50 MeV
Combined LEP:

common systematics now dominates
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LEPII: W Mass and width

OPAL 192-202 GeV prellmmary

Events / GeV

Events / GeV

Events / GeV
g8 & B
2 & B2

=
=

—
ey
e

Events / GeV

Events / GeV
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LEPII: W Mass and width

{ ® 1900 Datacay
IM.C. roweighted
| EBM C. bacsground

T 200 . T ——
L3 { © 1990 Data qaqq, 18t pairing L3
4 1 OIM.C. rowsighved .
) 3 | M.c. inc. pairing @)
1 1501 @IM.C background -
= . :
: +0.14 Gﬂ:
1“- —
k-] ]
g H’n o
" J. -
: - P e ‘::t_' ; ]
o S ]
60 70 80 80 100

Number of Events / 1 GeV

{ ® 1999 Data ggag+aalv Ld
| CIM.C. reweighted 3
} @IM.C. inc. pairing
ZAM.C. background ~
| Best qqaq M,, = 80.31 jl
| pairings +0.10 GeV |
]
m*rﬂ"MEM‘* >

70 80

m,,, [GeV]

920
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LEPIl: W Mass and width
SYSTEMATIC ERRORS ON Mw

e uncorrelated between channels, experiments

e correlated between channels within an experi-
ment e.g., detector calibration, simulation

e correlated between experiments, e.g.,
(a) Bose-Einstein, Color Reconnection effects in
the qqqq channel,
(b) Initial State Radiation, fragmentation effects
(c) LEP energy error, its correlation between
years

Major concern:
Syst. errors correlated between experiments
AMy DUE TO:
—LEP energy error: ~17 MeV,
may decrease to ~ 12 MeV.

—ISR: small, Fragmentation: 20-30 MeV
- BE, CR effects: ~ 25, 50 MeV for qqqq ! '

As N(gqqq) =~ 3 N(all):

Contribution of BE and CR to AMw~ 30 MeV |

Precision Tests of the EW Gauge Theory, ICHEP2000, Osaka. A. Gurtu



LEPII: W Mass and width

Color Reconnection, Bose-Einstein studies

—_

n=xn
< DISTORTION OF
vZ T~k Miny DISTRIBUTION
é N Y99 STATE.
/'< » TE
>x° n° PossSIRLE SHIFT
< TN FITTED My

Colour Bose-
Reconnection  Einstein

Color Reconnection:
Non-perturbative: models used e.g.,:
Sjostrand-Khoze (SK), Gustafson-Hakkinen (GH)

Try determining Reconnection prob parameter
in model.

Simple minded approach,
< Na(qqqq) > —2 < Na(qqfr) > not sensitive, e.g.

L3: AN = -0.29 £+ .26 &+ .30
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COLOR RECONNECTION

MIGRATES W DecAy PRoDULTS
FRoM ‘rnsIDE® W5  To

‘OuTSIDE" Ws.

TAKE RATIO OF PARTICLES

I ¢
TNSIDE

“ OWTSIDE
STudy oF ITNTER-JET
PhpTicLE K ENEBRGY FLOW



LEPII: W Mass and width

Inter-jet Particle- & Energy Flow; L3, Aleph

Jet 1: highest energy
Jet 2: jet from same W (W,)
angles projected in Jetl-Jet2 plane

Jets 3 & 4 from W,

Four angular regions (A, B, C, D):

(2 inside W’s)
A: between jets 1 & 2; B: between jets 3 & 4

(2 outside W’s)
C: between jets 2 & 3; D: between jets 4 & 1
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LEPII: W Mass and width

= T4 . S PH preliminary
1:2 1 T 189 GaV particle flow (detactor level) § ALEPH '
(&) j o . e ;
E o JAlchustrs L3 T i LS| . du 199,196,200 GaV combines
s ~ M = ¢ —— KoraiW, k, = 0.
< % - KoralW, k, = 0.6
% 1 Sy a8 KoralW, k = 2.3
e | gg- - KoralW, k, = 1069,
g ELS'_
= |
o .
{ —— NoCR
| - + L3 data
T 0.75-
0.4 ._ |
0 02 04 06 08 ._
rescaled angle (9 gq) 0 0.1 02 03 04 05 06 0.7 08 09 1

o,

L3, Aleph:

Determination Reconnnection Probability

L3 189 GeV: Ry =0.771 £ .049 = .029

=~ 40% Reconnection probability in SK-I model.

Aleph 189 GeV: Ry = 0.805 = .05

Using also 196+200 GeV

=< 45% Reconnection probability at 1o

(40 MeV shift in Myw) in qqqq channel
STUDIES IN PROGRESS

!‘Currentgly LEP expts use AMw(CR) = 50 MeV'_

<~6w pL";’cxpr: Should see a 3'€ 07 cffect Y CR prb
S 35% & Sk32 mm.{)
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LEPII: W Mass and width

— Bose-Einstein Correlations (qqqq evts):

Enhanced production of identical boson pairs at
small 4-mom difference.

o - S,

ClepT: 575 K557, KT KS)

At LEP: to check if such interference exists between
particles from different W's,

if so, its effect on W mass determination

Aleph, L3, Opal: BE effects within same W, e.g., in
qq system within qqfv. .,
But no inter- W effects seen in qqqq. (A,L = Disraveud

Delphi: seem to see some inter- W effects in qqqq

Studying the BEC effect

Correlation function

P(p1, p2)

Po(p1, p2)

P = 2 - particle prob density, p;i = 4 —- mom

Py = reference 2 — particle density like P, but without BEC

R(p1,p2) =
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LEPII: W Mass and width
Parametrized as
R(Q) = 7(1 +6Q)(1 + Ae™™F")

Q? = —(p1 + p2)* = M?_ - 4m?, r = radius of spherically
symmetric pion source, A= strength of correlation.

Delphi measured R(Q) in:
e hadronic Z decays,

e WW —-qqfr and qqqq decays

Comparison sample: event mixing, took (qq)’s from
2 qqfv events to fake qqqq with no inter-W BEC’s
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LEPII: W Mass and width

DELPHI(preliminary)
- I3
& 14 DATA (++ ond —=)
13 « WW 4 jor
12 B © WW 4 jet constructed for no BE between Wiimixing)

.-

'|"‘t|’||‘|l!'il'.lllll-lilIl:Ill]I'Ill#llll#ltl.l’lll‘
L a2s 05 a7 ! 125 135 L3 2 &)
eVic’)

225
Q (GeVic’

R(Q)

DATA (+=)

.« WW 4 jer
© WW 4 jot conseructed for no BE between Wiimizing)

|1|lt|11l*li lllilllIlII‘IiI‘-‘iIIIi’lil!!iil#l#-ll#
¢ & a5 o7 |} 12 13 t7% 2 I 23

Q (GeVi’)

08

Correlation strength diff. between 4q data and
— Mixed events A\ = 0.062 £ .025 + .021
— qqlv AA = 0.077 £ .026 £+ .020

Needs further study, confirmation by ADO

Currently LEP expts use AMw(BE) = 25 MeV.
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LEPII: W Mass and width

(ad%d) v = (B440) Ny = "W

[A29](AIbb)" W [A29](bbbb)Y"
018 00 018 o0
; :
ISO'0FLIY'08 I+ da €LO'OFZEY08 &  dUT
|
PLOOTOIS08  —et TVdO 0TIoT80Y0s e  IVdO
001°0FELT 08 “ . €1 £01°0F199°08 .-W! 1
001 0T 185708 ; IHA'THC 0600TLEOS | +4—  IHATAA
:
6LO°0FSEY08 HAATV 980°0FLI¥08 - HAATV
0002 Jowwing : Areuruipad 441 0007 Jownung : Areuruipad JA4'1
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LEPII: W Mass and width

[A3D]M

m.«.l.l] p—_— .m.._
I1°0+21°¢C dH’1
S1°07%0°T TVdO
1IT0%61°T7 |
S10%60'7 - 1HATIC
0T 0FLYT HAA'TY
0007 swng : Lreuyupag 4471

(A9
0’18 008
..... T .. m__a ¥ —
90 0FLIY 08 + da1
$90'0FS8Y"08 ..1 TVdO
mmH.
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LEPII: W Mass and width

LEP value of ['y: 2.12+0.11 GeV

CDF Direct measurement: 2.055 + 0.125 GeV
CDF+D0 “Extracted” Value: 2.171 + 052 GeV

WORLD AVERAGE OF W MASS

W-Boson Mass [GeV]

pp-colliders —p— 80.448 + 0.062

LEPZ —a— 80.427 + 0.046

Average -~ 80.434 +0.037
Y IDeF: 0.1/ 1

NuTeV/CCFR

&

80.25 +0.11
LEP1/SLD/vN/m, A= 80.387 + 0.025

80 802 804 806
m,, [GeV]
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Global Fit to EW data

Fitted SM parameters: M., Mz, oy, 1/a® (M), Myiges

Osaka 2000

- | it
m, [GeV] 91.1875:0.0021 .05
r;[GeV] 2495200023 -43
Opag IND]  41.540£0.087  1.62
R, 20.767 £0.025  1.08
Ay 0.01714 £0.00085 .78
A, 0.1498 +0.0048 .38
A, 0.1439 £+ 0.0042  -97
R, 0.21649 +0.00072 1.00
R, 0.1683 £ 0.0038 -1.04
AgY 0.0989 + 0.0020 -2.42
ASE 0.0689 +0.0035 -1.50
A, 0.922+0023  -55
A, 0632+ 0026 -1.40
sin®ol5" 02321 00010 .70
my [GeV]  80.427 + 0.046 55
sinely'  0.23098 + 0.00026 -1.62
sin8,, 0.2255 £0.0021  1.20
my [GeV]  80.448 +0.062 75
m, [GeV] 174.3+5.1 -04
Aa)(m,) 0.02804 £0.00065 -.28

3-2-10123
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Global Fit to EW data
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Global Fit to EW data

wo LEP Data, Gy, o
200 { — All Data )
> 180- 1
S
=
160 - .
jap Excluded Preliminary
10 10° 10°
my, [GeV]
e SRS (I R R e e
; — LEP1, SLD, vN Data
| = LEP2, pp Data
80.5{ 68%CL

80.3-
130 150 170 190 210
m, (GeV]
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Global Fit to EW data

-'_theor)é uncertainty

4 -3
NR |
<

2

Preliminary

10 10° 10
m, [GeV]

3

Mﬂiggsfi 170 GeV at 95% C.L.
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Global Fit to EW data

a(0)

a(M3) = (5)
1- &ag(M%) = &am(M%) L ﬁat@ﬂ(M%)

Main uncertainty in o(M3) from Aa-&(M%).
Use Eidelmann, Jegerlehner (1995):
Aay”) (M2) = 0.02804 + 0.00065

= 1/a(M2) = 128.878 + 0.090

Important input for :ﬂ’saﬂd(l\/[%):

R (hadrons/p" ),
poorly measured from 2.5 to 5 GeV.

Theory driven approaches:
smaller error (factor 3)

=~25% reduction of error on log(Mgiggs)

New measurements of R (hadrons/u* ™)
from BESII (BEPC, Beijing)
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Global Fit to EW data
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Global Fit to EW data

3 7
: Update of Burkhordt, Pietrzyk 95
Very Prefiminary

5 -
t :
s |- i
L HM ]
| FikEes ﬂ" :
3 F ® Bocciet al -
B Cosme el ol E
A Mork o
¥ Pluto F
Cornell DORIS ;
s b O Crystal Ball 3

& MD-1VERP-4
t-ﬁ-zuun .
was 15% W OBES 1
b | : BES, Mt’em M BES preliminary ;
| 15%, BES.Osckaf0% . 6% . W -

E‘j L | T R 3 I'd.aﬂ.mt

uﬂ 4:..,;.;.:.;é.;;;;f°
Vs (GeV)

R Exp with  resonances

To incorporate into determination of a(QED)
(s)

V. PRELIMINARY: AKX, d(M%‘): 0-02%5S £ 0-00046
(& Pretrsm) Muges & 210 GeV at :Sz:
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WHERE Do WE GO FRoM HEREY —

— LEP I, SLD  Resuets (AemoST) FraAL

=
— LEP L : WILL COLLECT AnOTHER~[oopb DATA
AT HieH eweRey (205- 209 Gel)

(ALReADY Has ~ oo po™ [expt)
e MoRe SENSITIVE TESTS of Coubtingg
¢ HOPE To RESOLVE CR/BE SYSTemATICS

=> Reduced AOMy ~> -
BALEED W 35 Mey

(Current smy cierd = 46mev)

— TNTERPRETATION 1IN SM FRAMEwoRk
DIGEST, USE BesE DaTAa on R

Myas 7

- Qppl => TevatRon RUNTE



OUTLOOK, CONCLUSIONS

Men, Machines, Detectors:

Excellent Performance

Upto Last Year: SM in EXCELLENT SHAPE;
Higgs LIGHT (< 215 GeV)

Today: modulo » OSCILLATIONS,
SM still in EXCELLENT SHAPE
Higgs even LIGHTER (< 170 GeV)

Watch impact of new BESII
R-measurements on Myjges (< 210 5ev)

Tevatron Run II : reduced errors on My,
Miop: Tighter prediction of Myjggs,
possible discovery

LHC: Discover/ Rule out HIGGS
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