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GNO: Gallium Neutrino Observatory
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Time Qariation of tHe Super�Kamiokande data
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Atmospheric Neutrinos
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��� Geographical layout of the experiment

The �map� of the experiment is illustrated in Figure 	��� The neutrino beam is produced by
the ��� GeV protons from the Fermilab Main Injector and is aimed at the Soudan mine in
northern Minnesota� some �	� km away� Because of the earth�s curvature the parent hadron
beam has to be pointed downward at an angle of �� mrad�

Figure 	��� The trajectory of the MINOS neutrino beam between Fermilab and Soudan� The
beam must be aimed into the earth at an angle of �� mrad to reach Minnesota�

The hadron beam decay pipe will be ��� m long� a compromise between our desire to
obtain the maximum number of � and K decays and the cost of the civil construction� The
near detector is located ��� m downstream of the hadron beam absorber� This location is
also a compromise between the desire to have the neutrino spectrum be as similar as possible
at the two locations �arguing for a large distance and the need to keep the construction
costs low �arguing for a short distance� mainly because of the cost of constructing the near�
detector cavern deep underground� The proposed layout of the MINOS experiment on the
Fermilab site is shown in Figure 	���

The far detector will be located in the Soudan mine in northern Minnesota� This his�
toric iron mine no longer supports active mining� but was converted some time ago into a
Minnesota State Park� The MINOS detector will be constructed ��� m below ground level�
in a new cavern to be excavated during ���������� The axis of the MINOS cavern will
point toward Fermilab� the new cavern will be constructed next to the existing underground
laboratory which houses the operating Soudan � detector����
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Phenomenology of Three-Neutrino Mixing
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Hint of #13 > 0
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CP Violation
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Tritium Beta-Decay
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CP Conser�ation: Nor�al Sche�e
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CP Conser�ation: In�erted Sche�e
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��0� Decay , Majorana Neutrino Mass
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Power Spectrum of Density Fluctuations

[T�g���k, h��-�h/0503257]
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Indication of ��0� Decay: �:22 eV . jm�� j . 1:6 eV (� 3� range)
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MiniBooNE Neutrinos

[PRL 98 (2007) 231801; PRL 102 (2009) 101802]�� ! �� � ' 54�m 4�5��V � � . �G�V
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Sterile Neutrinos
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MINOS

�C sample: 89% e�ciency and 61% purity

97% of �� -induced CC events misidenti�ed as �C
[��X�����04.3�22]
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I New reactor neutr�no ux has several �mpl�cat�ons: �t of solar and

KamLAND data, determ�nat�on of #13, short-basel�ne ��� d�sappearance,

. . .

Chooz l�m�t on #13
[������ EPJ� 27 (200�) ���]
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3+1 Four-Neutrino Schemes
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3+1 Schemes

GoF = 32%
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I �� disa__ea`ance ex_e`iments}

sin| 2#�� = ~jq�{j| �1 � jq�{j|� ' ~jq�{j|
I �� disa__ea`ance ex_e`iments}

sin| 2#�� = ~jq�{j| �1 � jq�{j|� ' ~jq�{j|
I �� ! �� ex_e`iments}

sin| 2#�� = ~jq�{j|jq�{j| ' 1

~
sin| 2#�� sin| 2#��

I �__e` bofnds on sin| 2#�� and sin| 2#�� =) st`on� limit on sin| 2#��
[�k���, ���j��, ���. J. ���. �	��. ��� (���7) �66�-�6�4, �rX
v:	�p-p	/�6�64��]
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P�oF = 0:006%

I Strong tension between ��� ! ��� appearance and disappearance limits

(��� ! ��� and mainly �� ! ��)
I Tension reduced in 3+2, 3+1+NS�

I CPT Violation? [B������ M��f��	�� Wh	
����� �LB 57 ������ ���]
[G	���	� L�v����� �RD 8� ������ �9���� �RD 8� ������ �5���]
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`j` �� and ��� disappearance k � 3 �eV
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Prior limits 90% C.L. [16]
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j~��j = �
2:32��:����:���� 10�� eV�

sin� 2# > 0:�0 (�0% Cx`x)

[���	v����������v�]j~��j = �
3:36��:����:���� 10�� eV�

sin� 2# = 0:�6��:����:��
[���	v����������v�]
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�easurement o� t�e mass di�erence between � and �� �uar{s,
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90.00% C.L.
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99.73% C.L. (3σ)

MBν + LSNDν + KARMEN

68.27% C.L. (1σ)
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99.73% C.L. (3σ)
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Gallium Anomaly

������� R�d���ct�ve S��rce Exper��e�ts

Tests �f the s���r �e�tr��� detect�rs ��LLEX (Cr	, Cr
) ��d S��E (Cr, �r)

Detect��� Pr�cess: �� + 71�� ! 71�e + ���� S��rces: �� + 51Cr ! 51V + �� �� + 37�r ! 37C� + ��
51Cr 37�r

 [keV] �4� ��
 4
� 4�
 8		 8	�

B.R. 0:8	6� 0:0849 0:089� 0:009� 0:90
 0:098

������ ��� �� ������ 22� � !"#-#!/�$%&��$'

37Cl (stable)

37Ar (35.04 days)

813 keV ν ( 9.8%)
811 keV ν (90.2%)
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� De�c�t c���d �e d�e t� �verest���te �f�(�� + 71�� ! 71�e + ��)

� C��c���t���: B�hc���, PRC �6 (	99�) ��9	, hep�ph�9�	049	
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� �z¨�¨ re��ted t� �e�s�red �(�� + 71�e ! 71�� + ��):�z¨�¨(
51Cr) � ��:� � 	0��© c�� (	 � 0:004)3�

� �(51Cr) � �z¨�¨(
51Cr)

�
	 + 0:669
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I RGa
H = 0:78� 0:13 exp �nd the uncert�inties �dded in qu�dr�ture

I RGa = RGa
���=RGa

��� pr�b�bility distributi�n �f r�ti� is n�t ��ussi�n
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Reactor Antineutrino Anomaly
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Implications of Gallium and Reactor Anomalies� D���y
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