
                                     The Dipole Portal Model

                 Dipole Fit Results

The MiniBooNE Excess and Sterile Neutrinos 

• The simplest explanation of the LSND    -like excess and MiniBooNE 
electron-like excess invokes oscillations involving an eV-scale sterile 
neutrino


• Recent MicroBooNE results [1] have disfavored a generic excess of 
electron neutrinos in the Booster Neutrino Beam, but do not rule out 
MiniBooNE’s allowed region in oscillation parameter space [2, 3]


• The MiniBooNE collaboration has recently performed a combined 
3+1 fit using MiniBooNE data and the MicroBooNE CCQE result [2]


• Even so, an eV-scale sterile neutrino is not able to explain the lowest 
energy and most forward parts of the MiniBooNE excess.


• Additionally, removing MiniBooNE reduces tension in global 3+1 
oscillation fits by          [4]


• This motivates the study of more exotic BSM models in addition to 
standard 3+1 oscillations
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ℒ ⊃ dμN νμσρσFρσ𝒩R + h . c .
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• Energy and angular distributions of the 
MiniBooNE excess prefer different 
regions of dipole parameter space


• Allowed regions for each distribution 
overlap at the 2𝝈 level


• MINERvA elastic scattering data places 
stringent limits on the MiniBooNE 
preferred regions [7]

• The recent MicroBooNE results do not rule out the 
MiniBooNE preferred region in 3+1 parameter 
space


• The addition of a dipole-coupled HNL can alleviate 
tension in 3+1 global fits while retaining a 
reasonable explanation of the MiniBooNE excess


• MINERvA elastic scattering measurements place 
constraints on MiniBooNE preferred region in 
dipole parameter space; however, allowed regions 
still remain at the 2𝝈-3𝝈 level


• Most stringent constraints come from the 
unpublished antineutrino analysis
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The inclusion of the MicroBooNE CCQE 
data does not appreciably change the 

allowed regions in 3+1 parameter space

∼ 2σ
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• To accommodate the remaining MiniBooNE excess, we consider the addition of 
a dipole-coupled heavy neutral lepton (HNL)


• MINERvA elastic scattering measurements [5] are also sensitive to HNL decays 
to photons


• NuMI energies are too large to be sensitive to oscillations


• Use LeptonInjector [6] to simulate HNL production and decay
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Figure 1: Schematic views of the MINERvA detector. Left: front view of a single detector module. Right:

side view of the complete detector showing the nuclear target, the fully-active tracking region and the

surrounding calorimeter regions.

cryogenic vessel filled with liquid helium, described below, is placed between the veto

wall and the main detector.

The main MINERvA detector is segmented transversely into: the inner detector (ID),

with planes of solid scintillator strips mixed with the nuclear targets; a region of pure

scintillator; downstream electromagnetic calorimetry (ECAL) and hadronic calorimetry

(HCAL); and an outer detector (OD) composed of a frame of steel with imbedded scintil-

lator, which also serves as the supporting structure. Both the ID and OD are in the shape

of a regular hexagon. For construction and convenience of handling, a single unit of MIN-

ERvA incorporates both the scintillator and outer frame. Up to two planes of scintillator

are mounted in one frame, called a “module”. Figure 1 (left) shows a view of a tracking

module. There are three orientations of strips in the tracking planes, offset by 60� from

each other, which enable a three-dimensional reconstruction of tracks. The 60� offset fits

naturally with the hexagonal transverse cross section of the detector.

The MINERvA coordinate system is defined such that the z axis is horizontal and

points downstream along the central axis of the detector, the y axis points upward, and
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Figure 4: Orientation of the nuclear target region along the beamline axis. The thinner targets are located

downstream and the thicker targets are located upstream.

with an 85 cm apothem, and a 2.5 cm cut on each side of the boundary between materials.

The z-location of the center of each target and the fiducial mass of each material for each

target is given in Table 4. The estimated uncertainty on the fiducial masses due to density

and thickness variations is less than 1%.

2.4. Water Target

A water target is positioned between solid targets 3 and 4, with a mean position of

530.8 cm. It consists of a circular steel frame with a diameter slightly larger than the MIN-

ERvA inner detector size, and Kevlar® (polymerized C14H10N2O2) sheets stretched across

the frame as shown in Fig. 5. The shape of the water target is not as well known as that

of the solid targets. When the target is filled the lower part expands more than the upper
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