
A Proposal for a Three Detector  
Short-Baseline Neutrino Oscillation Program  

in the Fermilab Booster Neutrino Beam 
SBN Physics Sensitivities 

�2G:5�*49>:EK� � � � �
7@C�E96�*�&�+2D<��@C46�2?5�E96�*�&��@==23@C2E:@?D 1



SBN:&Fermilab&PAC,&January&2015 2

LAr Mass 

Total Active  

LAr1-ND 180t 82t 

MicroBooNE 170t 89t 

T600 760t 476t 
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Sensitivity Overview
❖ *6?D:E:G:EJ�E@�QP�Y�Q6��Q6�2AA62C2?46��D:8?2=D�FD:?8�:?4=FD:G6�Q6�
492C865�4FCC6?E�6G6?E�D2>A=6D
– �==�<?@H?�324<8C@F?5D�:?4=F565
– �6E2:=65�DJDE6>2E:4D�6G2=F2E:@?��4@CC6=2E:@?D�36EH66?�52E2�D6ED
– *@>6�4@?D6CG2E:G6�49@:46D���2DDF>AE:@?D�H96C6�7FEFC6�:>AC@G6>6?E�H:==�36�A@DD:3=6

❖ *6?D:E:G:EJ�E@�QP�Y�QI��QP�5:D2AA62C2?46��D:8?2=D�FD:?8�:?4=FD:G6�
QP��492C865�4FCC6?E�6G6?ED�2=D@�6G2=F2E65
– !>A@CE2?E�42A23:=:EJ�H:E9�2?�2446=6C2E@C�5642J�:?�7=:89E�362>�6IA6C:>6?E�E92E�:D�
4@>A=6>6?E2CJ�E@�2?�2AA62C2?46�D62C49�7@C�DE6C:=6�?6FEC:?@�@D4:==2E:@?D�

❖�AA62C2?46��Q6��2?5�5:D2AA62C2?46��QP��2?2=JD6D�4FCC6?E=J�
A6C7@C>65�:?56A6?56?E=J
– *:>F=E2?6@FD�2?2=JD:D�@7�Q6
QP��:?4=F5:?8�4@CC6=2E:@?D�36EH66?�D2>A=6D��H:==�8C62E=J�
:>AC@G6�23:=:EJ�E@�F?56CDE2?5�2?J�?6H�A9JD:4D�D:8?2=D
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A Note on Simulations
❖ %@?E6��2C=@�D:>F=2E:@?�:?�E9C66�DE6AD�
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A Note on Simulations
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1) �&��7=FI6D�2?5�DJDE6>2E:4D�6G2=F2E65�FD:?8�2�>2EFC6��62?E��D:>F=2E:@?�56G6=@A65�7@C�
%:?:�@@&��2?5�4@?DEC2:?65�H:E9�565:42E65�6IE6C?2=�925C@?�AC@5F4E:@?�52E2

๏ �	�	��8F:=2C��C6G2=@�6E�2=	��%:?:�@@&���@==23@C2E:@?���W+96�&6FEC:?@��=FI�(C65:4E:@?�2E�%:?:�@@&��X�(9JD	)6G	������
������������2C/:G�����	�����096A�6I1

๏ %	�	��2E2?6D:�6E�2=	�� �)(��@==23@C2E:@?���W%62DFC6>6?E�@7�E96�AC@5F4E:@?�4C@DD�D64E:@?�@7�A@D:E:G6�A:@?D�:?�E96�4@==:D:@?�
@7��	���6-
4�AC@E@?D�@?�36CJ==:F>�X��FC	(9JD	"	������T����������2C/:G�������096A�6I1
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A Note on Simulations
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๏ �	��?5C6@A@F=@D�6E�2=	��W+96���&!��&6FEC:?@�%@?E6��2C=@��6?6C2E@C�X�&F4=	�!?DECF>	�%6E9	���������T�����������2C/:G�
����	����096A�A91

๏ �	��2EE:DE@?:���	��6CC2C:��%	�$2?EK��(	�)	�*2=2��2?5��	�!	�*>:C?@G��W��?6FEC:?@�?F4=6@?�:?E6C24E:@?�86?6C2E@C�7@C�E96��$,#��
%@?E6��2C=@�4@56�X�:?���)&�(C@4665:?8D����������AA	����T���	
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A Note on Event Selections
❖ �G6?ED�2C6�4FCC6?E=J�D6=64E65�7@C�D:8?2=�2?5�324<8C@F?5�D2>A=6D�
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DEF5:6D�@7�3@E9�D:>F=2E65�2?5�C62=�6G6?ED�:?�5:776C6?E�56E64E@CD��2?5�
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νe CC Signal & Background Categories
❖ �=64EC@?�?6FEC:?@����:?E6C24E:@?D�
– R�Y�P�Y�Q6�
– #��Y�Q6�
– #��Y�Q6�
– *2>A=6�2AA62C2?46�D:8?2=�

❖ (9@E@?�:?5F465�6	>	�D9@H6C�324<8C@F?5D�
– &��>:D!�D�

– QP����>:D!�D�

– W�:CEX��24<8C@F?5D��362>�C6=2E65�3FE����
@FE�@7�56E64E@C�:?E6C24E:@?D�

– �@D>@86?:4�A9@E@?�D@FC46D�
6

Intrinsic&beam&νeLAr1FND

MicroBooNE

ICARUS&T600
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Electromagnetic Shower Selection
❖ .6�C6BF:C6�E96�6=64EC@>28?6E:4�D9@H6C�:?�2==�D6=64E65�6G6?ED�
E@�36�:?:E:2E65�H:E9��������%6-�
๏ �6�7@C�6=64EC@?�D9@H6CD�
๏ �γ�7@C�82>>2�A2:C�AC@5F4E:@?�6G6?ED�
๏ �6�7@C�82>>2��@>AE@?�D42EE6C:?8�6G6?ED

❖+9:D�>:?:>F>�D9@H6C�E9C6D9@=5�:D�2AA=:65�E@�96=A�6?DFC6�8@@5�
C64@?DECF4E:@?�2?5�:56?E:7:42E:@?�@7�D:8?2=�6G6?ED
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Electromagnetic Shower Selection
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๏ �γ�7@C�82>>2�A2:C�AC@5F4E:@?�6G6?ED�
๏ �6�7@C�82>>2��@>AE@?�D42EE6C:?8�6G6?ED

❖+9:D�>:?:>F>�D9@H6C�E9C6D9@=5�:D�2AA=:65�E@�96=A�6?DFC6�8@@5�
C64@?DECF4E:@?�2?5�:56?E:7:42E:@?�@7�D:8?2=�6G6?ED

❖&@E6�E96�E9C6D9@=5�7@C�2?2=JD:D�@7�6G6?ED�:?�$�C�D9@F=5�36�36=@H�
E9:D�2?5�=@H6C�6?6C8J�6G6?ED�H:==�46CE2:?=J�36�DEF5:65�:?�E96�*�&�
6IA6C:>6?ED��E96J�2C6�;FDE�?@E�:?4=F565�96C6
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Electromagnetic Shower ID Efficiencies
❖ �=64EC@?�D9@H6CD��
– ����:56?E:7:42E:@?�677:4:6?4J�2AA=:65�E@�492C865�4FCC6?E�:?4=FD:G6�D2>A=6�7@C�:?EC:?D:4�
2?5�D:8?2=�6=64EC@?�?6FEC:?@D��27E6C����%6-�C6BF:C6>6?E���

❖ !?5:G:5F2=�A9@E@?�D9@H6CD��
– ����C6;64E:@?�@7�D:?8=6�A9@E@?�A2:C�AC@5F4E:@?�D9@H6CD��γY6�6���32D65�@?�6IA64E65�
A6C7@C>2?46�@7�5�
5I�2?2=JD:D�E@�:56?E:7J��>:AD�2E�E96�DE2CE�@7�E96�D9@H6C�

– *:?8=6�A9@E@?��@>AE@?�D42EE6CD�2C6�C6E2:?65�2D�2?�:CC65F4:3=6�324<8C@F?5

8

ICARUS&
simulation

dE/dx&(MeV/cm)dE/dx&(MeV/cm)

ArgoNeuT&
data

3.5&MeV/cm 3.5&MeV/cm
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NC Photon Final States

9

❖ &6FEC2=�4FCC6?E�R��Y�γγ @C�
D:?8=6�γ"
– If multiple photons convert above 
threshold in TPC volume, can reject"

– If only one converts:"

๏ Look for a visible event vertex and a 
gap before the e.m. shower"

๏ dE/dx cut to reject pair production

Vertex Requirement: > 50MeV
Gap Requirement > 3cm

e.m.&shower Conversion&Gap&+&dE/dx
Summary:
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νμ CC Interactions

10

❖ %:?:>F>�:@?:K:?8�EC24<D�
=@?86C�E92?��>�:?��&��6G6?ED�
2C6�2=>@DE�2==�>F@?D�

❖ �G6?ED�H:E9�=@?86DE�EC24<�������
[��>�2C6�C6;64E65�2D�QP����

❖ .96?�=@?86DE�EC24<����>�2?5�
E96C6�:D�2?�6	>	�D9@H6C�:?�E96�
7:?2=�DE2E6��E96�D9@H6C�:D�
2?2=JK65�2D�:?�E96�&��42D6

BNB&events

muons
pions

Ar
bi
tr
ar
y

Track&Length&[cm]

Ltrack&+&Conversion&Gap&+&dE/dx
Summary:
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“Dirt” Backgrounds
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❖ *:?8=6�A9@E@?�
6?E6C:?8�E96�
56E64E@C�4C62E6D�
2�A@E6?E:2=�
324<8C@F?5�

❖  6=A65�3J�D9@CE�
C25:2E:@?�=6?8E9�
:?�2C8@?�����4>�
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dE/dx&+&Fiducial&Volume&Buffer
Summary:

❖ �9@D6�2�G6CJ�conservative 25 cm buffer around the 
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C65F46�6IE6C?2=�4@D>@86?:4�A9@E@?D��
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Cosmogenic Backgrounds

13

❖ +96�AC@3=6>������I�=@?86C�
492C86�5C:7E�E:>6�E92?�E96�
362>�DA:==�=6?8E9�
– �	��PD�362>�DA:==�

– L��>D�+(��5C:7E�E:>6

Cosmic'muons'
per'readout

Neutrino'interaction'
every'N'spills

Cosmic'muon'in'beam''
spill'every'N'spills

LAr18ND 2.9 25 300
MicroBooNE 5.0 800 200

T300 5.5 500 100
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Cosmogenic Backgrounds
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Cosmogenic Backgrounds
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νe CC Signal & Background

17

LAr1FND

MicroBooNE

ICARUS&T600

❖ �@D>:4�D6=64E:@?�D9@H?�E@�E96�=67E�C6=:6D�
6?E:C6=J�@?�AC@I:>:EJ�E@�A2C6?E�>F@?�2?5�5�
5I�
7@C�A9@E@?�D9@H6CD�E@�!��4@D>@86?:4�A9@E@?D�
๏ )2E6�C65F465������3J�E@A@=@8:42=�4FED��3FE�

C6>2:?:?8�324<8C@F?5�A@AF=2E6D�2E�=@H�
C64@?DECF4E65�6?6C8:6D�

❖ (C64:D6�E:>:?8�:?7@C>2E:@?�42?�2F8>6?E�E96�
+(��52E2�E@�C6;64E�EC:886CD�H96C6�E96��	��ND�
362>�DA:==�E:>6�:D�4@?E2>:?2E65�3J�2�4@D>:4�
6G6?E�:?�@C�?62C�E96�56E64E@C�

❖ Combination of  internal light signals and 
an independent external tracking array to 
ID muons near the detector in the spill time 
can be used to remove cosmogenic events 
in the first stages of  data analysis
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LAr1FND

MicroBooNE

ICARUS&T600

νe CC Signal & Background
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LAr1FND

MicroBooNE

ICARUS&T600

small&loss&of&data&
~1%&of&beam&
triggers&are&
rejected

 6C6�2�4@>3:?2E:@?�@7�
:?7@C>2E:@?�7C@>����

:?E6C?2=�=:89E�4@==64E:@?�
2?5�6IE6C?2=�4@D>:4�
EC24<:?8�2CC2JD�2C6�

2DDF>65�E@�:56?E:7J�����
@7�362>�DA:==D�

4@?E2>:?2E65�3J�2�
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Analysis Method and Uncertainties

19

Monte&Carlo&&
“universes”Error&matrix

Correlation&matrix

The&correlation&between&samples&is&encoded&into&an&error&
matrix&in&bins&of&Ereco&used&to&calculate&the&χ2&statistic
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Dirt and Cosmic Uncertainties
❖ W�:CEX�324<8C@F?5�=6G6=�4@?DEC2:?65�H:E9�362>�52E2
– *EF5J�6G6?ED�?62C�E96�24E:G6�56E64E@C�A6C:>6E6C��H:E9�6?92?465�5:CE�324<8C@F?5D
– )2E6�56A6?5D�@?�56E2:=D�@7�56E64E@CD�2?5�DFCC@F?5:?8D��D@�>62DFC6�:?�6249�56E64E@C
– .6�6DE:>2E65�:E�42?�36�>62DFC65�E@�L�����F?4@CC6=2E65�36EH66?�56E64E@CD
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Dirt and Cosmic Uncertainties
❖ W�:CEX�324<8C@F?5�=6G6=�4@?DEC2:?65�H:E9�362>�52E2
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νe Appearance Sensitivity

22
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Impact of  Cosmic Backgrounds

23
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νμ Disappearance Sensitivity
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Backups
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SBN Detectors
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Compare to MiniBooNE Neutrino Mode
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Flux Systematics
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Largest&uncertainty&(pion&production)&constrained&with&dedicated&data&from&HARP&experiment.&
Kaon&production&constrained&with&available&world&data&and&SciBooNE&measurements&at&high&energy.

HARP&π+&data&
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Cross Section Systematics
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νμ Sensitivity with Detector Systematics
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