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The early map of neutrino oscillations

Eratosthenes of Cyrene, 194 B.C.
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Long baseline experiments

D� � »� ´ 345' �� 6 � � � � - � � � 	� � � � �
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Towards a quantitative understanding of 
neutrino oscillations

Claudius Ptolemy, A.D. 200

� � � � � 	� � �� � � 	��� � 	� � � �� � �
� � � � �� � � � � � � � � �  � � � � � � &�<=�
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K2K (KEK to SuperK)

� ? � � �$	� � � ��� � � �
 � � � �	� � �� � � � � 	� � �� � � � � 	� � � �

� %	� � �� �� � � � �� � � �� �$� � �� � � � � � � � �� � � � � � � � � 	� ; � � � � �

� � � � � � 	� � �
 � � � �%	� � ������������������������� - � � �� �
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� , � � � � � �	� � � � � 	� &��@́343� �� � � � � � � �� $�3� �" � 6 ; 	� � � 	� �
� � � � � &�� � �� � �/ ��� � � � � � �� - � � &�� .� ��

� � � � � � � �� � � � �A.B´ 343C�� � � � � � � +�� 	� �� � �34� 4�� � �
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Collaboration
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K2K present results
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Near Detector 980 tons

Det. 2

Det. 1

Far Detector 5400 tons

735 Km
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 � � � �$� � � �#� � � 	�� 
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 � � � �
� � � � � � � � �� � � � � � � � �� � � � � 	� � �� � � � � � � � �	� �� �� � � � ��� � � � 	� � �� � � �
� � � � 	� � �	� �� � �� � � �#� � �� 	� �

MINOS: a two detector neutrino 
oscillation experiment



MINOS experiment
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The NuMI beamline
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� - � � &�3.C�� � � +�	.� .�
 � � � �� � %� � �� $�4.A�� � +�' .>´ 34� 4 � � � � � � � 7&� � � �

I � � �� � � � � �� � �� .� 9´ 343' � � � � � � � 7� &� ��

� %� � � � �� � � �� � �� � � � � 	� � �� � � � � � +�� .45� .A�	� � � � � � � 	� � ��� � � � � +�%� 	� � �
� � � - 	� � � �� 
 � � � � � 	� � �� $�8�C4F �� $�� � � �� � 	� � � &�� � � � � � �

� $�� � 	
 �� �� � � $	� � � � � 	� � �� $�� �� � � � 
 � �	� �� � � � � � 	� �� � � � � +�%� � � � �� � � �� � +�
� � �� � � �%	� � �� �� .@�� � �� � �$5� 	� � �%� - � �� � �� � �� $�� 44�; /

� @>9�� ��� � � �� � � � &�� 	� � �%	� � �� �� � � 	� � �� $�3��



NuMI civil construction
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NuMI Horn system

� � �� � � � � �� � �$� � � � �� 	$$� � � � � �
� � � � � � � � �	� � � � - � �� +�� � � � � � �
� � � � � � �� � � 	� 	� � �%	� � �� � � � � � � �
� � �� � � � �3�� � � �� � � �� � �� � 	- � �
� 	� � � � � � �� $�� � � �� %� �� � � � �

� � 	� � �� �� � � � 
 � �	� �� � � � � � �� � � � �	� � � � �� � � � � � � � � +�� � � �� � � � �
 � � � - � � �
�	; � �� ��� � � �� � � ; 	� ; �� � � � � � � 	� � � ��� � �� � � �� 	� � � � � � �$� � � �� � � �� � 	� �+�%	� � �� �
$� � � ���� � � � � �� � � � � � � 	� � � ��� � �� � � �� � � � � � � �

� p(� �$� � � � � � �� � � � ��� ��
 &�� � � � �3�� � �� � � � � � � �� � �� �� $�� � � � �� +�%� 	�� �� � � � � �
� � � � %� � � �� - � � $� � � � � � � � �� � � � � $� � � � � � � � � �$	� � ��&�$� � � � � � �
 &�� � � � ��

/ $� � ��� � � � � �+� �� �



NuMI horns

0 � � � � �
0 � � � � � � �� � � � �
 � � * + � � �

0 � � � � � � �� � � � �
 � � * + � � �



Neutrino spectra in the 
Far Detector

� 	� � �' .>´ 34� 4 � � � 7&� � � ��

� 
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8�AA4 � - � � � � 7; � � � 7&� � �
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8�34A4�� - � � � � 7; � � � 7&� � � �

� J � �
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MINOS Far Detector

� � �� � � � 	� � � +�� � � � �39� ��� � �

� B� � � � � � � � � ��? � � � ; 	� � �
! � �� � 	� � � � �

� AB@��� &� � � �� $�� .9A� � �#�

� A� � �%	� � �� � �	� �
� � 	� � 	��� � � � � � � 	� � �%	� � �
� 
 � �$	
 � � �� � � � � � �

� � 9+B44�� � � � � 	- � �
� � � � � � � � �� �� � � �

� � � � � � � �� � 	��� � � - 	� � � �
E: K�» 3.' ?

� 9.A; � �� � � � ��� � � �
J � �$�� $�� � � �� � �  � �1 � � � � � � �

B�� ´ B�� �´ 39��



Detector Technology
1 � � � � � � � �� � � � �� �%	� � �
� 4�� � 	� � 	��� � � � � � � 	� �

� L M�
 � � � � �� � � � � �B��3�	� �� � � � �
1 � � � � � � � � �$	
 � � � �� � �� � � �� / , � ? �
� 	� � �



MINOS Near Detector
� � � �� � � � � � 	� ��� � � � �� $�� � � �� � � � � 	� � � �

� 
 � 	�� �� � �
 � �� � �� 	� 	�� � �� � �� � � � 	
 �� �� � �� � � �$� � �� � � � � � � � +�	� �%	�� 
 � �� � � � �
� � �� � � � 	� � �� � � �$� � �� � � � � � � �

� � � � - 	� � � �� 	� � �� � � � 	� � 	� � +�� 
 � � � �>44+444�� 	� � � �� � �� � � &�	� � � � � � � 	� � � �
� � �	� �� � � �$� � �� � � � � � � � �� � � � �; � � � �

� � 	��� � ��

: � � � �� � � � � � ��� � � 	� �

1� � � � � ´́́́ � � � � � � ´́́́ � � � � � �

� � 
 � � � � �



Far Detector nmCC distributions

34�; � 5&� � � �� � � � � � � �

' .>´ 34� 4 � � � � 7&� � �

� � �	� ��	� � � ��� � � � � &�� � � � � � � � �
%	� � � � � �� � � 	��� � 	� � �

, � 	� � � �%	� � �� � � � � �
 � � � ��
� � � � � � � � �	� �� � � � � � � � �� $�
� � � 	��� � 	� � �

0� � 	� �� $�� � � 	��� � 	� � �� � � � � � � � �
� � �� � 5� � � 	��� � 	� � �� � � � � � � �



MINOS sensitivity
DDDD� � �

� � � � �� � � qqqq� � � �� � � qqqq� �




 � " � �J � ���

CNGS, CERN to Gran Sasso neutrino 
beam

� � +� � �� � � #� $� � � � �
2 � $� , $� � � #) � � � � �
� � * 3+$� � � � � � � � � 
 
 �



CNGS: a nt appearance program

� � - � � �� �� 	� � � � � � �� $�>' � �� �

� � � � � � &�� � � � � � � �$� � �nm® nt
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� 1
 
 � 2 � 
 %� � � � � � � � � � � � , 4,

� � 
 
 � * $) � � � � � $� �� " � 5 �� � � � � � � � � +� � � � � � ! 0 ( � 6 � � ���� 1� � ´́́́ � 
 � � �%� � � 7) � $�

� 8 � nnnn �� � � � $ � �� � � � �� � � � ) � $� �

� � � � 
 
 � 9 ( : ( ( 7- � � �

� � ; � nnnntttt 7- � � � � � � � DDDD� � � � � 1� � 
 	 � � � 
 � � $� * � � $<�� +� � � �<�� "



OPERA: direct observation of nt
appearance from nm® nt oscillations 
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COLLABORATION

35 groups
~ 160 physicists

Russia
INR Moscow, ITEP Moscow, JINR Dubna, Obninsk

Belgium
IIHE(ULB-VUB) Brussels

France
LAPP Annecy, IPNL Lyon, LAL Orsay, IRES Strasbourg

Germany
Berlin, Hagen, Hamburg, Münster, Rostock

Israel
Technion Haifa

I taly
Bari, Bologna, LNF Frascati, L’Aquila, LNGS, Naples, Padova, Rome, Salerno

Japan
Aichi, Toho, Kobe, Nagoya, Utsunomiya

Switzer land
Bern, Neuchâtel

Turkey
METU Ankara

China
IHEP Beijing, Shandong

Croatia
Zagreb

Underlined : groups having joined since last year

Interest for participation
from Sofia
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ICARUS: a Liquid 
Argon Imaging 

Detector
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The ICARUS Collaboration
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ICARUS is … a long baseline tau and 
electron appearance experiment
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The Off-Axis concept
(D. Beavis et al. BNL Proposal E-889)
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NuMI off-axis detector
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JHF for a neutrino beam



JHF: the physics reach
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