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A well-known and long history of anomalies reported in short baseline (SBL) neutrino exper-
iments may be indicative of at least one new type of neutrino [1–3]. By placing a novel, high
power cyclotron1 close to a kiloton-scale scintillator-based detector, the IsoDAR experiment will
probe the anomalous experimental results with unmatched sensitivity to possible neutrino oscil-
lations near ∆m2 ∼ 1 eV2 [4]. No other proposed technology permits the reconstruction of the
ν̄e disappearance oscillation wave at the level of IsoDAR, as illustrated in Fig. 1 (for the case of
IsoDAR@KamLAND), which has the potential to reveal the underlying physics associated with the
anomalies.

The simplest explanation of the existing anomalies introduces one additional light-mass and
“sterile” (i.e. non-interacting) neutrino flavor state. A model with three active and one sterile fla-
vor, called “3+1”, connects results between disappearance and appearance oscillation data through
a common mixing matrix. In a 3+1 model, for vacuum oscillations observed through charged-
current scattering, two matrix elements, |Ue4|2 and |Uµ4|2, connect to three mixing angles that
characterize the amplitude of νe disappearance, νµ disappearance, and νµ → νe appearance:

sin2 2θee = 4(1− |Ue4|2)|Ue4|2; sin2 2θµµ = 4(1− |Uµ4|2)|Uµ4|2; sin2 2θeµ = 4|Ue4|2|Uµ4|2. (1)

Thus, the mixing angles measured in the three types of searches, as well as the squared mass
splitting, ∆m2, are not independent. An allowed signature in IsoDAR for a 3+1 model from our
group’s global fit to the world’s SBL data [5] is shown in Fig. 1, left. As can be seen, the high
statistics and wide energy range lead to the possibility of a striking oscillatory signature.

Unfortunately, as the number of reported SBL-related anomalies grows (see, e.g., Refs. [6, 7]),
so does tension with disappearance limits within 3+1 global fits, especially muon neutrino disap-
pearance results. Numerous potentially sensitive experiments have published highly-constraining
null results [5] and, in general, there are serious complications with obtaining a strong global fit
to the complete set of oscillation measurements. There are cases of observed behavior where the
parameters do not agree, and there are experiments that exhibit unexpected features in the data,
beyond that which is expected from a signal consistent with oscillations. Further, limits set by a
wide range of experiments restrict the allowed parameters in contradictory ways (see, e.g., Ref. [8]).
As a result, it seems likely that if the SBL results are due to new physics, then the model must
be more complex than 3+1. For simplicity, however, one can use 3+1 global fits to investigate the
possible oscillation parameters compatible between the electron and muon neutrino disappearance
measurements plus the electron neutrino appearance measurements. Our SBL global fit allowed
regions as of 2018 are shown in magenta and 2019 update [8] in black in Fig. 2. Unfortunately, it
seems unlikely that the “next generation” reactor experiments, PROSPECT [9], STEREO [10] and
SOLID [11], can address the possibility of ν̄e disappearance definitively. To illustrate their future
sensitivities, which are all similar, we project the present PROSPECT 5σ limit to 5 years (Fig. 2,
green, dashed).

The probability that all SBL data (anomalies and null results) fit a 3+1 model is extremely
small: p < 10−4 [12], indicating that either this explanation is too simplistic, or the anomalies are
due to unknown (and probably uncorrelated) experimental issues. Because of the similarity of the
general features of the anomalies, theorists have been actively exploring more complex explanations
[13]. While there is excitement about these models, there is no consensus on which matches the
multi-layered and complicated data most accurately. As an example, one commonly explored model
features “3+2” neutrinos, and is shown in Fig. 1, middle [5]. This model addresses inconsistencies
within the anomalies, but does not relieve the tension from the comparison to the experiments
with null results. In Fig. 1, right, we show a model that incorporates both 3+1 sterile neutrino

1Please see the other IsoDAR LOIs for a description of the accelerator, underground, and medical science oppor-
tunities enabled by such a device.
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with neutrino decay τ=14 eV-1 

Figure 1: IsoDAR@KamLAND L/E dependence, 5 years of running, for 3+1 (left) and 3+2 (mid-
dle) sterile neutrinos, and 3+1 with decay (right). Solid curve shows no smearing in the recon-
structed position and energy. Data points with error bars include smearing.

oscillation and also neutrino decay [14]. This model relieves the tension between the data sets in
the global fits and addresses cosmological models. Still, a consensus has not been reached on what,
if any, new physics explanations are correct.

results. The status of the global fits prior to 2018 [24], which includes the RAA, is indicated by
the magenta allowed region. Global fits [17] to the data available through June 2019, excluding the
RAA, is indicated by the black region. This collection maps out the range of interest in the past;
additional new results, such as the new IceCube result, may pull the allowed regions slightly, but
are not likely to make major shifts in the conclusion. Therefore, the next generation electron-flavor
experiment should cover this space of allowed regions with high precision to sort out the underlying
physics.
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Figure 3: Black line: IsoDAR@KamLAND;
Brown line: IsoDAR@KURF capabilities at 5�;
Gray area: RAA signal; Magenta area: 2018
Global fit allowed signal; Black area: 2019 Global
fit allowed signal; Red area: DANSS/NEOS com-
bined signal; Blue area: Neutrino-4 signal. Green
lines: PROSPECT at 5�, solid–present, dashed –
5 year projection.

IsoDAR is designed to cover the entire
range of interest at 5� in 5 years of running,
as is shown in Fig. 3. The black line indi-
cates the sensitivity of IsoDAR@KamLAND,
while the brown line indicates the sensitivity
of IsoDAR@KURF. We are currently pursuing
both options, as we present in this proposal.
The capabilities of IsoDAR far exceed that of
the future reactor expertiments. To illustrate
this, we project the present PROSPECT 5�
limit (Fig. 3, green, solid) to 5 years (Fig. 3,
green, dashed). Along with having greatly
improved sensitivity, IsoDAR o↵ers a major
change of approach. It is a higher-energy,
better-controlled ⌫̄e source than that of reac-
tors. The very clear L/E dependence (Fig. 1)
leads to well-di↵erentiated model-predictions,
and the ability to “trace the wave” extends to
sin2 2✓ee ⇠ 0.01. Thus, IsoDAR is the step that
can decisively address the anomalies.

3.3 NSI Searches Through Neutrino-
electron scattering

The search for indications of non-standard neu-
trino interaction e↵ects, NSIs, is a second ex-
ample of the outstanding new physics opened
by the IsoDAR source. This makes use of the

fact that paired with a 1 kiloton detector, such as KamLAND, the experiment will collect the largest
sample of low-energy ⌫̄e-electron elastic scatters (ES) that has been observed to date [2]. The ES
rate can be normalized using the well-understood, very-high-statistics IBD events. Approximately
2600 ES events will be collected at KamLAND above a 3 MeV visible energy threshold over a 5
year run–a factor of five above existing samples [2].

Ref. [2] describes how the ES cross section can be used to measure the weak couplings, gV and
gA, as well as sin2 ✓W , a fundamental parameter of the Standard Model as described in Ref. [36].
Although sin2 ✓W has been determined to high precision [37], there is a longstanding discrepancy [36]
between the value obtained by e+e� collider experiments and the value obtained by NuTeV, a
precision neutrino-quark scattering experiment [38]. Despite having lower statistics than NuTeV,
IsoDAR would measure sin2 ✓W using the purely leptonic ES interaction, which is well understood
theoretically and does not involve any nuclear corrections from theoretical models. To compare
the sensitivity of IsoDAR with that of other experiments, the fits to the ES cross section can be
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Figure 2: Black line: IsoDAR@KamLAND
capability at 5σ. Gray area: RAA signal;
Magenta area: Global fit allowed signal; Red
area: DANSS/NEOS combined signal; Blue area:
Neutrino-4 signal. Green lines: PROSPECT at
5σ, solid–present, dashed – 5 year projection.

In general, and while the global experi-
mental and phenomenological situation is com-
plicated, it is clear that a definitive experi-
ment, capable of discerning a distinct oscil-
lation/decay/other wave for a large swath of
possible parameters, in whatever model, is re-
quired for “real” progress on this front. The
confused situation motivates a major change
of approach, rather than more of the same.
IsoDAR@KamLAND covers all allowed regions
with 5σ sensitivity in 5 years (Fig. 2, black)
with a higher-energy, better-controlled, and
better-understood ν̄e source than that of reac-
tors. The L/E dependence (Fig. 1) allows mod-
els to be clearly differentiated, and the ability
to “trace the wave” extends to sin2 2θee ∼ 0.01
in the simplest 3+1 model. Thus, IsoDAR can
both decisively confirm or refute the anomalies
and explain them in the context of a number of
possible scenarios.

In addition to world-leading sensitiv-
ity to possible SBL oscillations, IsoDAR
will also probe non-standard neutrino in-
teractions via ν̄e-electron scattering [15].
IsoDAR@KamLAND will collect 2400 events in
5 years, a sample which would allow for a 3.2%
measurement of sin2 θW . This would be the

most precise measurement of sin2 θW from neutrino-electron data and, as such, would represent
a unique and precision elecroweak test with sensitivity to new physics.
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