
Short Baseline Neutrino Experiments

Roxanne Guenette

University of Oxford


PPAP Meeting 24-25 September 2015

A Proposal for a Three Detector

Short-Baseline Neutrino Oscillation Program

in the Fermilab Booster Neutrino Beam

1



Outline

✦ Why a Short-Baseline Neutrino Programme? 

✦ The SBN Programme at FNAL 

➡ MicroBooNE 

➡ SBND 

✦ Summary

2



Why a Short baseline neutrino programme?

✦ Many SB anomalies 

➡ LSND anomaly (3.8σ) 

➡ MiniBooNE low-energy excess (~3σ) 

➡ Gallium anomaly (~3σ) 

➡ Reactor anomaly (~3σ) 

✦ DUNE and CP violation measurement!
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Phys. Rev. Lett. 110, 2013

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

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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Why a Short baseline neutrino programme?

✦ Many SB anomalies 

➡ LSND anomaly (3.8σ) 

➡ MiniBooNE low-energy excess (~3σ) 

➡ Gallium anomaly (~3σ) 

➡ Reactor anomaly (~3σ) 

✦ DUNE and CP violation measurement!
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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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~ 2.9σ

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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LSND MiniBooNE Gallium
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“… 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. “

Raj Gandhi, Boris Kayser, Mehedi Masud,Suprabh Prakash, (arXiv:1508.06275) 

  



MicroBooNE

✦ 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



MicroBooNE

✦ 170 tons Liquid Argon Time Projection Chamber
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A"view"from"inside"the"
MicroBooNE"TPC"field"cage"

✓ Constructed 
✓ Assembled 
✓ Moved 
✓ Installed

Dec. 2013Dec. 2013

June. 2014

June 2014



MicroBooNE
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✓ Insulated 
✓ Cabled 
✓ Purged 
✓ Filled

Aug. 2014

Oct. 2014

June 2015
July 2015



MicroBooNE Commissioning

✦ First tracks!
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MicroBooNE automated reconstruction
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4.8ms window (3 drift windows)



MicroBooNE automated reconstruction
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4.8ms window (3 drift windows)
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MicroBooNE in the UK
✦ Biggest International contribution 

✦ Many leadership roles 

✦ Significant impact on science 

✦ Knowledge transfer for future LArTPCs
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The SBN Programme

13



The SBN Programme
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The SBN Programme
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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),
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

The SBN Programme
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SBND
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SBND Physics
✦ Crucial to identify the source of potential excess in MicroBooNE 

✦ Essential to understand beam contamination (𝜈e, 𝜈e) 

✦ Cross-sections measurements

18
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SBND in the UK
✦ Biggest International contribution 

✦ Many leadership roles (L2-manager for TPC, Conveners 
of Simulation & Software Group, Speaker Committee Leader) 

✦ Significant impact on science and DUNE 
roadmap 

✦ Knowledge transfer for DUNE: 

➡ APA construction 

➡ APA wire winding 

➡ HV feedthrough 

➡ light collection systems 

➡ installation and integration of TPC 

➡ Event Reconstruction Software  
19
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ICARUS

✦ Refurbishment of T600 

✦ Building construction 

✦ First T300 module ready end 2015 

✦ Second T300 module ready end of 2016 

✦ Italy + Poland + Russia + US Institutions

20
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Conclusions on SBN
✦ MicroBooNE is turning on (beam neutrino data in less than 2 weeks!)                
→ ONLY RUNNING LArTPC in the next years 

✦ 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 

✦ Sterile neutrino question is critical for DUNE (perfect timescale) 

✦ Cross-section measurements in MicroBooNE and SBND will have a great impact 

✦ UK is driving many parts of the SBN Programme 

✦ SBN programme is the only way to participate in LAr experiments before DUNE
21
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The SoLi∂ experiment

• BR2 reactor at SCK•CEN, Mol, Belgium 

• High Power BR2 research reactor with 
low background

• 2. Composite scintillator detector 
technology

personal communication. By courtesy of SCK•CEN 

reactor 
core

SoLid detector modules

BR2 hall

5.5 m



SoLi∂ collaboration
• 4 countries, 10 institutes, ~ 50 people
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Sensitivity to 3+1 neutrinos
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Phase I, 1yr - 2t@14%

Phase II, 3yr - 2t@14% + 1t@6%
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arXiv:1303.3011 RAA Gallium

1 calendar year corresponds 150 days of reactor-on

3.6 m

5.5 m

BR2 core 

3.6 m

5.5 m

BR2 core 1 m

CHANDLER HiRes 
module 

WLS PVT cubes + PMTs 
1 tonne fiducial 

Phase I  

8x MARS modules  
PVT cubes + WLS fibres 
2 tonnes fiducial

Phase II  

SoLid detectors 


