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LSND

Phys. Rev. Lett. 110, 2013


MiniBooNE

Why a Short-baseline neutrino program?

Many SB anomalies 

➡ LSND anomaly (3.8σ) 

➡ MiniBooNE low-energy excess (~3σ)
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Phys. Rev. D64 (2001)

2.8σ

3.4σ



Gallium Anomaly

Gallium Radioactive Source Experiments: GALLEX and SAGE

Detection Process: νe + 71Ga→ 71Ge + e−

νe Sources: e− + 51Cr→ 51V + νe e− + 37Ar→ 37Cl + νe
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R = 0.84 ± 0.05

[Giunti, Laveder, Li, Liu, Long, PRD 86 (2012) 113014]

ν̄e → ν̄e E ∼ 0.7MeV

⟨L⟩GALLEX = 1.9m

⟨L⟩SAGE = 0.6m

∼ 2.9σ anomaly

∆m
2 ! 1 eV2 (≫ ∆m

2
A ≫ ∆m

2
S)

[SAGE, PRC 73 (2006) 045805; PRC 80 (2009) 015807]

[Laveder et al, Nucl.Phys.Proc.Suppl. 168 (2007) 344;
MPLA 22 (2007) 2499; PRD 78 (2008) 073009;

PRC 83 (2011) 065504]

[Mention et al, PRD 83 (2011) 073006]

" 3He+ 71Ga→ 71Ge+ 3H cross section measurement [Frekers et al., PLB 706 (2011) 134]

" Eth(νe + 71Ga→ 71Ge + e−) = 233.5± 1.2 keV [Frekers et al., PLB 722 (2013) 233]
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~ 2.9σ

Gallium

Why a Short-baseline neutrino program?

Many SB anomalies 

➡ Gallium anomaly (~3σ) 

➡ Reactor anomaly (~3σ)
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Reactor Electron Antineutrino Anomaly
[Mention et al, PRD 83 (2011) 073006; update in White Paper, arXiv:1204.5379]

New reactor ν̄e fluxes [Mueller et al, PRC 83 (2011) 054615; Huber, PRC 84 (2011) 024617]
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R = 0.933 ± 0.021

[2014 update of Giunti, Laveder, Li, Liu, Long, PRD 86 (2012) 113014]
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ν̄e → ν̄e L ≃ 10− 100m E ≃ 4MeV

∼ 3.1σ deficit ∆m
2 ! 0.5 eV2 (≫ ∆m

2
A ≫ ∆m

2
S)

[see also: Sinev, arXiv:1103.2452; Ciuffoli, Evslin, Li, JHEP 12 (2012) 110; Zhang, Qian, Vogel, PRD 87 (2013) 073018;
Kopp, Machado, Maltoni, Schwetz, JHEP 1305 (2013) 050; Ivanov et al, PRC 88 (2013) 055501]
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Reactor



Why a Short-baseline neutrino program?

Impact on flagship measurement of long-baseline experiments: 
CP Violation

5

R. Gandhi, B. Kayser, M. Masud, S. Pakrash, arXiv:1508.06275



Why a Short-baseline neutrino program?

Impact on flagship measurement of long-baseline experiments: 
CP Violation
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R. Gandhi, B. Kayser, M. Masud, S. Pakrash, arXiv:1508.06275

“… any data indicating the violation of CP cannot be properly 
interpreted within the standard paradigm unless the presence of 
sterile states of mass O(1 eV) can be conclusively ruled out. “

R. Gandhi, B. Kayser, M. Masud, S. Pakrash, arXiv:1508.06275



The SBN Program at Fermilab
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The SBN Program at Fermilab
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Why three detectors?

✦ Each experiment has its own unique physics strategy 

✦ SBN focus: 

✓ MicroBooNe will lead the way by looking for an excess and will identify it: e or 𝛾 ? 

✓ SBND will provide a detailed beam characterisation with ~ no signal contamination 
(great reduction of systematics) 

✓ ICARUS will allow to cover the lower 𝛥m2 regions to study large fraction of LSND 
allowed region 

✓ MicroBooNE offers additional coverage of the higher 𝛥m2 regions

9



MicroBooNE

✦ Proposed in 2007 to address the 
MiniBooNE low-energy excess 

✦ Part of the US LAr development 
program (Physics and R&D goals) 

✦  89 ton Active Volume LArTPC
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Look where we’re going

23

MicroBooNE, starting in 2013
(TPC is 2.6x2.3x10.4 m)

Kiloton-scale LArTPC

θ13, leptonic CP violation, proton decay, mass hierarchy, tau neutrinos, maximal θ23, burst/diffuse supernova 
neutrinos, sterile neutrino(s), neutrino cross sections, nucleonic short range correlations, axial vector 
mass, strange spin component of the nucleon, non-standard neutrino interactions, ...

See Ben Carls’ talk this 
morning!



MicroBooNE Physics

✦ Address the MiniBooNE low-energy excess 

➡ Look for excess 

➡ Identify signal (𝛾 or e- ?) 

✦ Oscillation physics study (appearance/
disappearance) 

✦ Cross-section measurements 

✦ Astroparticle and Exotic physics
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Phys. Rev. Lett. 110, 2013


courtesy of T. Miceli

MiniBooNE



SBND

✦ First proposed as LAr1ND (2013 arXiv:1309.7987) (became SBND Spring 2015) 

✦ Clear significant impact on physics with near detector
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SBND Physics
✦ Crucial to identify the source of a potential excess in 

MicroBooNE 

✦ Provide unoscillated spectrum for 𝜈e appearance searches 

✦ Great cross-section measurement site
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Millions of events! 
High statistics 
High Precision



ICARUS

✦ T600 detector (the largest LArTPC to date!) 

✦ Ran at Gran Sasso from 2010 to 2013
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The SBN Program
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SBN proposal arxiv:1503.01520

SBN Physics Program I-42

FIG. 21: Electron neutrino charged-current candidate distributions in LAr1-ND (top),
MicroBooNE (middle), and ICARUS-T600 (bottom) shown as a function of reconstructed neutrino
energy. All backgrounds are shown. In the left column, only muon proximity and dE/dx cuts have
been used to reject cosmogenic background sources. In the right column, a combination of the inter-
nal light collection systems and external cosmic tagger systems at each detector are assumed to con-
servatively identify 95% of the triggers with a cosmic muon in the beam spill time and those events
are rejected. Oscillation signal events for the best-fit oscillation parameters from Kopp et al. [41] are
indicated by the white histogram on top in each distribution.

counts listed for Dirt and Cosmogenic events are larger than those given in Sections II F and
IIG. This is a result of energy smearing e↵ects which are properly simulated in the final sen-
sitivity analysis (15%/

p
E), but not in the earlier stages of simulations where true energies

were used to display the predictions. The predicted background energy spectra are provided
well below the 200 MeV cuto↵ value used in the analysis such that events can be properly
smeared in both directions. Because both backgrounds are steeply falling functions of photon

SBN Physics Program I-44

FIG. 22: Sensitivity of the SBN Program to ⌫
µ

! ⌫
e

oscillation signals. All backgrounds and sys-
tematic uncertainties described in this proposal (except detector systematics, see text) are included.
The sensitivity shown corresponds to the event distributions on the right in Figure 21, which in-
cludes the topological cuts on cosmic backgrounds and an additional 95% rejection factor coming
from an external cosmic tagging system and internal light collection system to reject cosmic rays ar-
riving at the detector in time with the beam.

In Figure 23, we present the sensitivity in a di↵erent way that facilitates easier comparison
between di↵erent results. Rather than displaying fixed confidence level contours (90%, 3�, 5�)
in the (�m

2, sin2 2✓) plane, we plot the significance with which the experiment covers the 99%
C.L. allowed region of the LSND experiment as a function of �m

2. The curves are extracted
by asking what �

2 value the analysis produces at each point along the left edge of the 99%
C.L. LSND region. The gray bands correspond to �m

2 ranges where LSND reports no allowed
regions at 99% C.L.

Two versions of this plot are shown in Figure 23. The top presents the significance at which
the LSND region would be covered for the di↵erent possible combinations of SBN detectors:
LAr1-ND +MicroBooNE only (blue), LAr1-ND + ICARUS only (black), and all three detectors
in combination (red). This presentation makes clear the contributions of the MicroBooNE and
ICARUS-T600 detectors as far detectors in the oscillation search. The presence of the large
mass added by the ICARUS-T600 detector is imperative to achieving 5� coverage. In addition,
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FIG. 21: Electron neutrino charged-current candidate distributions in LAr1-ND (top),
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been used to reject cosmogenic background sources. In the right column, a combination of the inter-
nal light collection systems and external cosmic tagger systems at each detector are assumed to con-
servatively identify 95% of the triggers with a cosmic muon in the beam spill time and those events
are rejected. Oscillation signal events for the best-fit oscillation parameters from Kopp et al. [41] are
indicated by the white histogram on top in each distribution.

counts listed for Dirt and Cosmogenic events are larger than those given in Sections II F and
IIG. This is a result of energy smearing e↵ects which are properly simulated in the final sen-
sitivity analysis (15%/
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The SBN Program
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Current Status of the Program



MicroBooNE Status

✦ First tracks!
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SBND Status

✦ Stage 1 Approval from FNAL Director: February 2015 

✦ Building Design complete 

✦ Building Construction soon 

✦ Detector Design Fall 2015 

✦ Detector Construction 2016 

✦ Data taking 2018
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ICARUS Status

✦ T300 modules are at CERN being 
refurbished 

✦ First T300 refurbishment end of 2015  

✦ Building Design Completed 

✦ Building Construction started 

✦ Modules moved to FNAL 2017 

✦ Data taking 2018
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Conclusions on SBN

✦ MicroBooNE has turned on  

✦ MicroBooNE will answer the MiniBooNE low-energy excess 

✦ SBND will address the source of a MicroBooNE excess (if any) 

✦ SBN will give a definitive answer to LSND/MiniBooNE anomaly 

✦ SBN has the perfect timescale to provide important physics inputs to 
DUNE
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