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1HZ�UHVXOWV�IURP�/(31HZ�UHVXOWV�IURP�/(3
¾ SURGXFWLRQ

9 → '(/3+,�DQG�/�
� FURVV�VHFWLRQ
� HOHFWURPDJQHWLF�
PRPHQWV

9 HH�→
� ZHDN�GLSROH�PRPHQWV

$/(3+

¾ GHFD\
9 → KDGURQV� '(/3+,
9 OLIHWLPH�����������'(/3+,
9 PDVV�OLPLW�IURP

→� '(/3+,

5H VXOWV�DUH �S U
H OLPLQDU\�

5H VXOWV�DUH �S U
H OLPLQDU\�
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HH�→ VHOHFWLRQ�DW�/(3
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¾ 7ZR�ORZ�PXOWLSOLFLW\�´EDFN�WR�EDFNµ MHWV�
&XW�RQ�FKDUJHG�PXOWLSOLFLW\�UHMHFWV�=�→ TT�EDFNJURXQG

¾ DQG�=�→ HH��=�→ EDFNJURXQGV�UHMHFWHG�E\�FXWV
RQ�YLVLEOH�HQHUJ\�

¾ 7DX�VHOHFWLRQ�EDVHG�RQ�HYHQW�NLQHPDWLF�SURSHUWLHV�RQO\�
1R�SDUWLFOH�LGHQWLILFDWLRQ

�����������EDFNJURXQG
������������� �HIILFLHQF\
23$//�'(/3+,$/(3+
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+DGURQLF�%UDQFKLQJ�5DWLRV
'HOSKL ���² ��

¾&KDUJHG�PXOWLSOLFLW\�
¾ S �KRWRQ�FRQYH �UVLRQ�����������RI� ·V�FRQYH �UWH �G�EH �IRUH ��73&
¾ 'DOLW]�GH �FD\V������������������RI� ��GH �FD\�WR�H �� H ��
¾ QXFOH �DU�UH �LQWH �UDFWLRQ������RI�KDGURQV�LQWH �UDFW�EH �IRUH ��73&
¾ �UD\V��WZR�WUDFN�UH �VROXWLRQ��«

¾ �� UHFRQVWUXFWLRQ�
¾ W\S H �,

VLQJOH �(0�FOXVWH U�
DQDO\VLV�RI�FOXVWH U�VWUXFWXUH

¾ W\S H �,,��
��(0�FOXVWH UV

¾ W\S H �,,,
(0�FOXVWH U���FRQYH UWH G��

¾ W\S H �,9
(0�FOXVWH U���(0�H QH UJ\
DVVRFLDWH G�WR�WUDFN
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+DGURQLF�EUDQFKLQJ�UDWLRV����SURQJ

New !
New !

24 24.25 24.5 24.75 25 25.25 25.5 25.75 26 26.25 26.5

ALEPH

DELPHI (prel)

L3     (prel)

OPAL

CLEO

CVC

ICHEP02 average

25.76 +/- 0.20

25.73 +/- 0.24

25.38 +/- 0.23

25.89 +/- 0.34

25.87 +/- 0.44

25.09 +/- 0.29

25.68 +/- 0.12

Br( oh 0 )

New !
New !

10 10.5 11 11.5 12 12.5 13

ALEPH

DELPHI (prel)

L3     (prel)

OPAL

CLEO

SM

ICHEP02 average

11.78 +/- 0.17

11.60 +/- 0.17

12.51 +/- 0.18

11.98 +/- 0.21

11.52 +/- 0.13

11.63 +/- 0.05

11.81 +/- 0.07

Br( oh )

��� ����������
��SURE� ��������

�� → �
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+DGURQLF�EUDQFKLQJ�UDWLRV���� DQG��� SURQJV

New !
New !

8 8.25 8.5 8.75 9 9.25 9.5 9.75 10

ALEPH

DELPHI (prel)

L3     (prel)

OPAL

CLEO

ICHEP02 average

9.50 +/- 0.15

9.32 +/- 0.14

9.11 +/- 0.17

9.87 +/- 0.26

9.51 +/- 0.21

9.40 +/- 0.08

Br( o3h )

New !
New !

0 0.02 0.04 0.06 0.08 0.1 0.12

ALEPH

DELPHI (prel)

OPAL

CLEO

ARGUS

HRS

ICHEP02 average

0.080 +/- 0.017

0.097 +/- 0.016

0.091 +/- 0.015

0.077 +/- 0.010

0.064 +/- 0.025

0.051 +/- 0.020

0.080 +/- 0.006

Br( o5h )
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OLIHWLPH��GHFD\�YHUWH[�UHFRQVWUXFWLRQ�PHWKRG
e+ e-

+

-

'(/3+, �����² �����GDWD�VDPSOH��
�������Y��DQG�������Y��
�WRWDO�������YHUWLFHV�

���'HFD\�OHQJWK�GHWHUPLQDWLRQ�
GLVWDQFH�EHWZHHQ�FHQWHU�RI�EHDP�FURVVLQJ�UHJLRQ�
DQG�GHFD\�YHUWH[���  � SURG ⊕ GHFD\���&RQYHUVLRQ�WR�GHFD\�WLPH��
GLYLGLQJ�E\� F VLQ

�����)LW�RI� OLIHWLPH�WR�WKH�GDWD�
/RJ /  � ORJ���IYW[ ⊗ IUHV�
IYW[  ����² EI ² EK��(�W�_� ����EI (�W�_������ ����EK �W�
IUHV  ����² I� ² I���*�W�_�N� ���I� *�W�_�N� ����I� *�W�_�N� �

� ��N� ��N�  ���� �����������
� ��I� ��I�  ������������������

��SURQJ� �������± ����VWDW� ± �����V\VW� IV
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OLIHWLPH��LPSDFW�SDUDPHWHU�GLIIHUHQFH�PHWKRG
e+

e-

+

-
,PSDFW�SDUDPHWHU�LQ�WUDQVYHUVH�SODQH�

G� �/�VLQ� τ VLQ� � τ �,PSDFW�SDUDPHWHU�GLIIHUHQFH�
G� � G²  �/�VLQ� τ� VLQ� � � τ� ��² /²VLQ� τ ²VLQ� ²� τ ²�$YHUDJLQJ�RYHU�GHFD\�OHQJWKV
��G� � G² !� ���/�!�� � � ² ��π ��VLQ� τ  ���/�!�∆ VLQ� τ��/�!� � F WW
,PSDFW�SDUDPHWHU�GLIIHUHQFH�LV�SURSRUWLRQDO�WR
SURMHFWHG�DFRSODQDULW\�ZLWK�D�SURSRUWLRQDOLW\

FRQVWDQW�a�OLIHWLPH
/LIHWLPH�LV�H[WUDFWHG�E\�VWUDLJKW�OLQH�ILW�WR

<� �G� � G²DV�D�IXQFWLRQ�RI�
;� �∆ VLQ� τ

LSG �������± �����VWDW� ± �����V\VW� IV
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OLIHWLPH��PLVV�GLVWDQFH�PHWKRG
0LVV�GLVWDQFH

GPLVV  �G� ��GB
/LIHWLPH�LV�GHWHUPLQHG�E\�ILW�WR�WKH�REVHUYHG�
GPLVV��GLVWULEXWLRQ�ZLWK�SUREDELOLW\�GHQVLW\�IXQFWLRQ

I� �ISK\V ⊗ IUHV
3K\VLFV�IXQFWLRQ�

ISK\V  �I��G���⊗ I��G��
5HVROXWLRQ�IXQFWLRQ�

IUHV  �I�*� �����I�*� �����I�*� ��
I� I� I� DQG� � � � DUH�IXQFWLRQV�RI�S�DQG� �
FDOLEUDWHG�VHSDUDWHO\�IRU�KDGURQLF�DQG�OHSWRQLF�
GHFD\V
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OLIHWLPH
$YHUDJH�
,3'�DQG�0'�������²���������� FRUUH ODWLRQ
��SURQJ �������± ����VWDW� ± �����V\VW� IV

��SURQJ�DQG���SURQJ��������������FRUUH ODWLRQ

 �������± ����VWDW� ± ����VWDW� IV

Most precise measurement to date!

Most precise measurement to date!

284 286 288 290 292 294 296

ALEPH

DELPHI (prel)

L3

OPAL

CLEO

ICHEP02 average

290.1+/-1.5+/-1.1

290.9+/-1.4+/-1.0

293.2+/-2.0+/-1.5

289.2+/-1.7+/-1.2

289.0+/-2.8+/-4.0

290.58+/-0.97

ττ (fs)
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ντ PDVV�OLPLW�IURP�τ→�π
'(/3+,������² ����

�� �S YHUWLFHV
EDFNJURXQG ² ����
�PDLQO\�TT�DQG��SS��

/LNHOLKRRG�IXQFWLRQ�/  �Π L I���P ( ��⊗ 5���P��(����⊗ ε ��P��(��P� �P� (� �(�

)LW�UHJLRQ�P�!�����*H9�F��������(���(EHDP �������
7\SLFDO�UHVROXWLRQ�P������0H9��F�(��������0H9
(YHQWV�LQ�ILW�UHJLRQ�����������ENJ��
6SHFWUDO�IXQFWLRQ��
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6XPPDU\�RI�ν PDVV�OLPLWV
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'(/3+,�HS[HFWHG�OLPLW�≈ ���0H9
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→

��� ² ��� *H9��� ² ��� *H9'DWD�VHW

EDFNJURXQG�
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0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9 10

Real Data

MC

Background

pe (GeV/c)

N
o.

 o
f e

ve
nt

s/
0.

25
 G

eV
/c

DATA

JAMVG

BKGD

E(e) (GeV)

ev
en

ts
/0

.5
 G

eV

L3
Preliminary

0

25

50

75

100

0 2 4 6



14

→ ���HOHFWURPDJQHWLF�PRPHQWV

$W�T� ��
)��² DQRPDORXV�PDJQHWLF�PRPHQW�D
)��² GLSROH�PRPHQW�G
60�YDOXHV���D  �����������Ã �� ²��

G ≅ ��
/LPLWV�IURP� → FURVV�VHFWLRQV�
'(/3+,������&�/�����������

������ ��D �������
_ G _�������Ã ����� H�Ã FP
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Weak dipole moments

Z0

+

- W -

23$/�����5H�G ��,P�G �
/�� ���5H� ��,P� ��5H�G �
$/(3+ �����1HZ�
5H� ��,P� ��5H�G ��,P�G �

'(/3+,������ :

1HXWUDO�FXUUHQW�

&KDUJHG�FXUUHQW�
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Weak dipole moments
$/(3+�PHDVXUHPHQW�
� �����² ����
� o �� ��D� GHFD\V
� ILW�WR�VSLQ�GHSHQGHQW
GLIIHUHQWLDO�
FURVV�VHFWLRQ ��������r �����r �������Ã ���²�� H�Ã FP,P�G �

��������r �����r �������Ã ���²����H�Ã FP5H�G �
��������r �����r �������Ã ���²�,P� �
��������r �����r �������Ã ���²�5H� �

¾ G� :� QRW�PHDVXUHG� \HW�«
¾ 6LPXOWDQHRXV�ILW�WR�DOO�PRPHQWV�� = ��G =�� :��G :�FDQ�EH�GRQH
¾ ([SHULPHQWDO�ERXQGV�RQ�FKDUJHG�FXUUHQW�PRPHQWV� : DQG�G :

DUH�QRW�OLVWHG�LQ�3'*

Most precise measurement to date!

Most precise measurement to date!
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&RQFOXVLRQ
¾ OHSWRQ�HOHFWURPDJQHWLF�PRPHQWV�PHDVXUHG�IURP� → '(/3+,�DQG�/�
¾ OHSWRQ�ZHDN�PRPHQWV�PHDVXUHG����������������������������������� $/(3+
¾ KDGURQLF�EUDQFKLQJ�UDWLRV�������������������������������������� '(/3+,

¾OLPLW RQ� HVWLPDWHG������������������������������������������������������ '(/3+,
¾ OHSWRQ�OLIHWLPH������������������������������������������������ '(/3+,

$OO�/(3�H[SHULPHQWDO�GDWD�DUH�$OO�/(3�H[SHULPHQWDO�GDWD�DUH�DQDO\VHGDQDO\VHG��
DOPRVW�DOO�UHVXOWV�DUH�SXEOLVKHG�DOPRVW�DOO�UHVXOWV�DUH�SXEOLVKHG�

SUHOLPLQDU\�UHVXOWV�DUH�FORVH�WR�FRPSOHWLRQSUHOLPLQDU\�UHVXOWV�DUH�FORVH�WR�FRPSOHWLRQ

→ K² ≥� ��→ K²
→ �K² K�
→ �K² �K�

→ K² ��
→ �K² K�� �
→ �K²�K�≥� �

→ K² � ��
→ �K² K��≥� �

→ K² ≥� ��


