














Matter E�ects and MSW Resonance

Hamiltonian in 
avour basis:

H = 1
2E

2
4U

0
@ m

2
1 0 0

0 m

2
2 0

0 0 m

2
3

1
AU
y +

0
@ A 0 0

0 0 0

0 0 0
1

A
3

5

where A = �2
p
2GFY �E�

mn
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Di�erent mappings for neutrinos and antineutrinos

Two Neutrino Case

�m20 = �m2
q�
A
�m2 � cos 2�

�2
+ sin2 2�

sin2 2�0 = sin2 2��
A
�m2
�cos 2�

�2
+sin2 2�

M. Freund

Resonance at A
�m2 = cos 2� � 1
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Di�erential Event Rates
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Two Step Analysis:

1) Extract j�m2
31j and sin2 2�23 from combined rates where

matter e�ects cancel

2) Fit �m2
31 and sin2 2�13 to individual channels

M. Freund

Step 1: Fitting j�m2
31
j and sin
2
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) Our results agree for 2800 km with Barger et. al

Our analyis: Signi�cance at 7332 km similar to 2800 km

Starting point for step 2:

Our results of the sign of �m2
31

and �13

M. Freund



Fit to total muon spectrum w/o CID
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Fit to muon appearance spectrum
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Conclusions:

With Charge Identi�cation

{ appearance rates

(or appearance rates + disappearance rates)

{ extraction of �13 and the sign of �m2
31

downto sin2 �13 � 10�4

Without Charge Identi�cation

{ �13 - e�ects add constructively in the

combined �
+ and �
� Rates

{ extraction of �13 and the sign of �m2
31

downto sin2 �13 � 10�2

Baseline

{ matter e�ects better at larger L ' 7332 km

{ CP violation better at smaller baselines L ' 1000 km

) ideally both baselines!

Copy of transparencies:

http://www.ph.tum.de/~mfreund/NUFACT2000.ps
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