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 Run : even t  4093 :   1150   Da t e  930527  T i me   20751                                  

 Ebeam 45 . 658  Ev i s   94 . 4  Em i s s   - 3 . 1  V t x  (   - 0 . 05 ,    0 . 08 ,    0 . 36 )               

 Bz=4 . 350   Th r us t =0 . 9979  Ap l an=0 . 0000  Ob l a t =0 . 0039  Sphe r =0 . 0001                  

C t r k ( N=   2  Sump=  92 . 4 )  Eca l ( N=   9  SumE=  90 . 5 )  Hca l ( N=  0  SumE=   0 . 0 )  

Muon ( N=   0 )  Sec  V t x ( N=  0 )  Fde t ( N=  1  SumE=   0 . 0 )  

Y

X
Z

   200 .  cm.   

 Cen t r e  o f  s c r een  i s  (    0 . 0000 ,    0 . 0000 ,    0 . 0000 )         

50  GeV2010 5
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Y

X
Z

   200 .  cm.   

 Cen t r e  o f  s c r een  i s  (    0 . 0000 ,    0 . 0000 ,    0 . 0000 )         

50  GeV2010 5

 Run : even t  4093 :   1000   Da t e  930527  T i me   20716                                  

 Ebeam 45 . 658  Ev i s   99 . 9  Em i s s   - 8 . 6  V t x  (   - 0 . 07 ,    0 . 06 ,   - 0 . 80 )               

 Bz=4 . 350   Th r us t =0 . 9873  Ap l an=0 . 0017  Ob l a t =0 . 0248  Sphe r =0 . 0073                  

C t r k ( N=  39  Sump=  73 . 3 )  Eca l ( N=  25  SumE=  32 . 6 )  Hca l ( N=22  SumE=  22 . 6 )  

Muon ( N=   0 )  Sec  V t x ( N=  3 )  Fde t ( N=  0  SumE=   0 . 0 )  
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MZ   [MeV]

Mass of the Z Boson
Experiment MZ   [MeV]

ALEPH 91189.3 ± 3.1

DELPHI 91186.3 ± 2.8

L3 91189.4 ± 3.0

OPAL 91185.3 ± 2.9

χ2 / dof  =  2.2 / 3

LEP 91187.5 ± 2.1

common error 1.7

91182 91187 91192
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Solar Fusion Chain
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Neutrino Flux
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The Solar Neutrino Problem
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Neutrino Oscillations

For simplicity consider only two neutrino �avours� �e� ��

� Suppose the �avour eigenstates� j�ei� j��i are not the mass eigenstates�

j��i� j��i Then the �avour eigenstates can be represented as a superposi�

tion of the mass eigenstates�
�
� �e
��

�
A �

�
� cos � sin �

� sin � cos �

�
A
�
� ��
��

�
A

where � is the mixing angle between the mass states�

The time evolution of the �avour states becomes�

j�eit � cos �e�iE�tj��i� sin �e�iE�tj��i

j��it � � sin �e�iE�tj��i� cos �e�iE�tj��i

Writing the time evolution in terms of the mass matrix gives�

i
d

dt

�
� �e
��

�
A �

�

	

�
� ��m�

�E
cos 	� �m�

�E
sin� �

�m�

�E
sin� � �m�

�E
cos 	�

�
A
�
� �e
��

�
A

where E is the energy of the electron neutrino in MeV and


m� � jm�

� �m�

�j

� The survival probability of an electron neutrino after travelling a distance�

L� is

Pe � �� sin� 	� sin�
�
��

��	�
m�L

E

�
�

� Furthermore� you can get an enhancement of �avour conversion in the

sun due to the Mikheyev Smirnov Wofenstein �MSW� E�ect
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Detecting Neutrinos with Deuterium

Charged Current

Neutral Current

Electron Scattering
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