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Figure 2: The 8Li isotope DAR anti-electron-neutrino flux.
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Figure 3: Neutrino flux distribution from a pion/muon DAR source, from Ref [36].

second is neutrino-electron elastic scattering (⌫ + e ! ⌫ + e). This cross section is well constrained by
Standard Model measurements of e+e� scattering [35]. Although this interaction lacks a coincidence
signal, it is highly directional, even at DAR energies. On the other hand, the low energy neutrinos
from a DAR source means that the relevant interactions have low absolute cross sections, leading to
the high flux requirement. A DAR source therefore has the overall disadvantage of requiring a very
intense source that can be installed at or near a detector in an underground location. Below, we will
show that cyclotrons, as DAR neutrino drivers, have su�ciently high intensity and small enough size
to overcome these disadvantages.

DAR sources range in energy from up to a few MeV from isotope decay, where we use 8Li decay
as our example (see Figure 2), to 52.8 MeV from the ⇡+ ! µ+ chain (see Figure 3). The flux from
isotope decay is pure in flavor, while the pion/muon decay has well-defined flavor ratios.

The pion/muon DAR beam is best produced by impinging low energy ⇠ 800 MeV protons on a
light target to produce a high rate of pions through the �-resonance. The target must be surrounded

4
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Proton beam → Be → n →  captures on 7Li →  8Li →  νe	
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Radioac1ve	
  sources	
  

IBD 

Produced	
  from	
  thermal	
  neutron	
  
capture	
  on	
  Cr	
  enriched	
  in	
  50Cr	
  	
  

51Cr	
  (τ=40	
  days)	
  

Mono-­‐energe1c	
  750	
  keV	
  
90%	
  of	
  the	
  1me	
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Produced	
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Neutrino	
  Source	
  Characteris1cs	
  Summary	
  
•  Produce	
  low	
  energy	
  (<15	
  MeV)	
  	
  	
  	
  	
  	
  	
  or	
  	
  

–  Radioac1ve	
  sources	
  with	
  suitable	
  life1mes	
  lower	
  in	
  energy	
  

•  Ar1ficial	
  
–  Beam-­‐off	
  background	
  subtrac1on	
  

•  Isotropic	
  (flux	
  falls	
  as	
  1/L2)	
  
–  Can	
  be	
  located	
  within	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  of	
  detector	
  

•  Intense	
  fluxes:	
  
Neutrino	
  Source	
   Neutrino	
  Flux	
  (ν/s)	
  

Reactor	
   2x1017	
  per	
  MW	
  

Cyclotron	
  (600	
  kW,	
  10	
  mA	
  p)	
   9x1014	
  

10	
  MCi	
  51Cr	
   4x1017	
  

75	
  kCi	
  144Ce-­‐144Pr	
  	
   3x1015	
  

O(10 m)

⌫̄e ⌫e
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Deficits	
  also	
  observed	
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  calibra1on	
  sources	
  

51Cr	
   37Ar	
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Very-­‐short	
  Baseline	
  Disappearance	
  Experiments	
  

•  Can	
  observe	
  oscillatory	
  behavior	
  within	
  the	
  detector	
  if	
  
neutrino	
  source	
  has	
  small	
  extent	
  
–  Look	
  for	
  a	
  change	
  in	
  event	
  rate	
  as	
  a	
  func1on	
  of	
  posi1on	
  and	
  

energy	
  within	
  the	
  detector	
  
–  Bin	
  observed	
  events	
  in	
  L/E	
  (corrected	
  for	
  the	
  1/L2)	
  to	
  search	
  

for	
  oscilla1ons	
  
	
  

•  Backgrounds	
  produce	
  fake	
  events	
  that	
  do	
  not	
  show	
  the	
  	
  
oscilla1on	
  L/E	
  behavior	
  and	
  can	
  be	
  separated	
  from	
  signal	
  

ν	
  -­‐	
  Detector	
  

1 / L2  flux rate modulated by Probosc = sin2 2θ ⋅ sin2 Δm2L / E( )

ν	
  -­‐	
  Source	
  
Reactor	
  Source	
  

or	
  

Cyclotron	
  DAR	
  Source	
  

or	
  
Radioac1ve	
  Source	
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Parameter Value
Run period 5 years (4.5 years live time)
⌫̄
e

flux 1.29 ⇥ 1023 ⌫̄
e

Fiducial mass 897 tons
Target face to detector center 16 m
Detection e�ciency 92%
Vertex resolutions 12 cm/

p
E(MeV )

Energy resolutions 6.4%/
p

E(MeV )
Prompt energy threshold 3 MeV
IBD event total 8.2 ⇥ 105

Table 2: The KamLAND detector parameters used in calculating the sterile neutrino search sensitivity.
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Figure 7: Example data sets for 5 years of running for 3+1 (left) and 3+2 (right) oscillation scenarios.

4.2 Precision electroweak tests of the Standard Model

In addition to the 8.2 ⇥ 105 IBD interactions, the IsoDAR neutrino source [72], when combined with
the KamLAND detector [73], can collect the largest sample of low-energy ⌫̄

e

-electron (ES) scatters
that has been observed to date. More than 7200 ES events will be collected above a 3 MeV visible
energy threshold over a 5 year run, and both the total rate and the visible energy can be measured.
This can be compared to the samples from the Irvine experiment (458 events from 1.5 to 3 MeV [74]);
TEXONO (414 events from 3 to 8 MeV [75]); Rovno (41 events from 0.6 to 2 MeV [76]); and MUNU
(68 events from 0.7 to 2 MeV [77]).

In the Standard Model, the ES di↵erential cross section is given by
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energy threshold over a 5 year run, and both the total rate and the visible energy can be measured.
This can be compared to the samples from the Irvine experiment (458 events from 1.5 to 3 MeV [74]);
TEXONO (414 events from 3 to 8 MeV [75]); Rovno (41 events from 0.6 to 2 MeV [76]); and MUNU
(68 events from 0.7 to 2 MeV [77]).
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IsoDAR provides a pure and intense ⌫̄e source with an endpoint of 13 MeV produced through 8Li
�-decay. This source can be paired with a large scintillator detector, such as KamLAND, to produce
a sample of ⌫̄e-electron scatters that is more than five times larger than what has been collected
before. Such a sample allows for sensitive new physics searches arising from possible deviations in
Standard Model couplings.
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I. INTRODUCTION

A large sample of antineutrino-electron scattering (ES)
events (⌫̄

e

+ e� ! ⌫̄
e

+ e�) allows for sensitive searches
for Beyond Standard Model physics. In the Standard
Model, the ES cross section depends only on kinematic
terms and the weak couplings, g

R

and g
L

, or, equiva-
lently, sin2 ✓

W

. Currently, sin2 ✓
W

is well known from
measurements outside of the neutrino sector [1], and the
ab initio prediction for this two-lepton scattering pro-
cess is therefore very precise. However, a rich variety
of new physics in the neutrino sector can a↵ect the ES
cross section. Such physics can include heavy partners
which mix with the light neutrinos, new Z 0s that cou-
ple only to neutrinos, and the existence of a neutrino
magnetic moment [2]. In this paper, we study the ef-
fect of nonstandard interactions (NSIs) on the ES cross
section. NSIs are introduced into the theory via an e↵ec-
tive 4-fermion term in the Lagrangian [3] and can induce
corrections to the Standard Model couplings, g

R

and g
L

.
For example, NSI terms can allow an incoming electron
flavor antineutrino to instantaneously convert to some
other flavor. An observed deviation from the Standard
Model expectation, indicative of new physics, could dra-
matically change our evolving understanding of neutrino
properties and interactions.

In this paper, we propose a precision study using the
new electron antineutrino source, IsoDAR [4] which is
being developed as part of the DAE�ALUS program [5].
In probing new physics via the ES channel, we consider
the following figures of merit when reporting our results:
(1) achievable sin2 ✓

W

measurement precision; (2) achiev-
able g

R

and g
L

measurement precision; and (3) sensi-
tivity to the NSI parameters specifically. While these
three physics goals can be considered related (at best)
and redundant (at worst), we find that it is useful and
instructive to frame this future measurement in terms of
each individually while relying mainly on sin2 ✓

W

mea-
surement precision as a representative figure of merit.

II. THE ISODAR SOURCE

The IsoDAR neutrino source [4], when combined with
the KamLAND detector [6], can collect more than
2400 ES events in a five year run. This estimate is smaller
than that reported in Ref. [4] as a number of analy-
sis cuts have been introduced. Such a collection of ES
events would be the largest to date and can be compared
to the samples from the Irvine experiment (458 events
from 1.5 to 3 MeV [7]); TEXONO (414 events from 3 to
8 MeV [8]); Rovno (41 events from 0.6 to 2 MeV [9]);
and MUNU (68 events from 0.7 to 2 MeV [10]).
IsoDAR [4] is a cyclotron that will accelerate protons to

60 MeV. The protons impinge on a 9Be target to produce
an abundant source of neutrons. The neutrons subse-
quently enter a surrounding 99.99% isotopically pure 7Li
sleeve, where neutron capture results in the creation of
8Li. This unstable isotope undergoes � decay to produce
an isotropic ⌫̄

e

flux with an average energy of ⇠6.5 MeV
and an endpoint of ⇠13 MeV. The ⌫̄

e

interact in the scin-
tillator detector via ES and inverse beta decay (IBD),
⌫̄
e

+ p ! e+ + n. Along with being the signal channel
for the sterile neutrino search described in Ref. [4], the
latter interaction is important for an ES measurement
as it provides a method to constrain the normalization
of the flux, as described in Ref. [11]. We note, however,
that the misidentification of IBD events as ⌫̄

e

events rep-
resents a significant source of background. The IsoDAR
parameters are shown in Table I.

III. ⌫̄e-ELECTRON ELASTIC SCATTERING

The neutral current and charged current both con-
tribute to the ES cross section. The ES Standard Model
di↵erential cross section is given by:
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where E
⌫

is the incident ⌫
e

energy, T is the electron recoil
kinetic energy, G

F

is the Fermi coupling constant, and

2

Accelerator 60 MeV/amu of H+

2

Power 600 kW
Duty cycle 90%
Run period 5 yrs (4.5 yrs live)

Target, sleeve 9Be, 7Li (99.99%)
⌫e source 8Li � decay
⌫e hE⌫i 6.4 MeV
⌫e flux 1.29⇥1023 ⌫e

Detector KamLAND
Fiducial mass 897 tons

Target face to detector center 16.1 m

Vertex resolution 12 cm/
p

E (MeV)

Energy resolution 6.5%/
p

E (MeV)

TABLE I: The IsoDAR experiment’s main characteristics, as
presented in Ref. [4]
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is the mass of the electron. The coupling constants
at tree level can be expressed as:
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). Precision
measurements at the colliders [12] and from muon de-
cay [13] therefore lead to an absolute prediction for the
ES cross section at tree level; the discovery of the Higgs
boson [14, 15] provides an absolute prediction beyond
leading order [12].

Given a precise prediction for the ES process, we can
look for beyond Standard Model physics e↵ects that can
cause a deviation from expectation in the measured cross
section. NSI terms can induce instantaneous transitions
from an electron flavor antineutrino to some other fla-
vor ↵. This modifies the cross section for ES scatters
through apparent changes to the measured couplings in
the following way:
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where g̃
L

= g
L

+ ✏eL
ee

and g̃
R

= g
R

+ ✏eR
ee

. The couplings
g̃
L

and g̃
R

are switched in the case of neutrinos. The
NSI parameters are ✏eLR

eµ

and ✏eLR

e⌧

, which are associated
with flavor-changing-neutral currents, and ✏eLR

ee

, called
non-universal parameters. As the former are well con-
strained for muon flavor [16] and lepton flavor violating
processes are strongly limited in general, we neglect these
when considering IsoDAR’s sensitivity to NSI. That is,
we focus on the two relevant non-universal parameters
✏eLR

ee

and set the four others to zero. This is also a mat-
ter of simplicity and convenience, given the complications

that can arise when making assumptions about multiple
terms that have the potential to cancel each other. We
note that given some set of assumptions, sensitivity to
the poorly constrained parameters ✏eL

e⌧

and ✏eR
e⌧

is also
available.
A precision measurement of the ES cross section re-

quires an experiment which has strong reconstruction
capabilities, precision understanding of the flux normal-
ization, reasonably low backgrounds that are well con-
strained by direct measurement, and substantial statis-
tics. The approach described here follows the proposed
analysis of Ref. [11], which examined an ES cross sec-
tion measurement at a reactor-based antineutrino source.
The IsoDAR analysis has a considerable advantage over
reactor-based measurements because the 8Li-induced flux
peaks well above 3 MeV, where environmental back-
grounds are substantially decreased. Further, beam-
o↵ periods, which can be rare for commercial reactor
sources, allow a determination of non-beam-related back-
grounds in the case of IsoDAR.

IV. SIGNAL AND BACKGROUND

Neutrino-electron scattering events are simply charac-
terized by the outgoing electron’s energy in scintillation-
based detectors. However, directly evaluating Eq. 1 re-
quires the reconstruction of both T and E

⌫

. The electron
recoil kinetic energy, T , is equivalent to the visible energy
in the KamLAND detector, E

vis

. Unfortunately, E
⌫

can-
not be reconstructed in KamLAND because the exiting
antineutrino carries away undetectable energy and the
outgoing electron’s angle cannot be resolved. As a re-
sult, our analysis strategy is to consider the events in
terms of E

vis

bins while integrating over all E
⌫

values
that can contribute to these populations. Knowledge of
the flux, gained from the known IBD cross section and
rate measurement, is essential for this determination.

The uncertainty on the ES prediction is dominated
by the normalization uncertainty on the antineutrino
flux from the IsoDAR source. Following the method of
Ref. [11], this normalization will be determined from the
observed IBD events that can be well isolated using the
delayed coincidence of the prompt outgoing positron sig-
nal and delayed neutron capture signal. The uncertainty
for this determination is dominated by the KamLAND
IBD e�ciency error of 0.7% [6] combined with a 0.1%
statistical error, given the nominal 5 year IsoDAR run
expected. The IBD cross section error is negligible.

A series of cuts are applied to reduce ES backgrounds.
**A table showing all of the cuts explicitly should be
added**. To reduce cosmic background, we employ the
KamLAND veto cuts from Ref. [17]. For well-tracked
muons, this involves a 5 s veto in a 3 m radius around
the muon track and a 200 ms veto throughout the remain-
der of the detector. For poorly reconstructed tracks and
for muons with unusually high light levels, the 5 s veto is
applied throughout the detector. In order to di↵erentiate

+	
  Z	
  

e-­‐	
   e-­‐	
  

⌫̄e ⌫̄e

W	
  

e-­‐	
   e-­‐	
  

⌫̄e ⌫̄e

Precision ⌫̄e – electron Scattering Measurements with IsoDAR to Search for New

Physics

J.M. Conrad1, M.H. Shaevitz2, I. Shimizu3 J. Spitz1, M. Toups1⇤, and L. Winslow4

1

Massachusetts Institute of Technology, Cambridge, MA 02139, USA

2

Columbia University, New York, NY 10027, USA

3

Tohoku University, Sendai, 980-8578, Japan and

4

University of California, Los Angeles, Los Angeles, California 90095, USA

IsoDAR provides a pure and intense ⌫̄e source with an average energy of 6.5 MeV produced through
8Li �-decay. This source can be paired with a large scintillator detector, such as KamLAND, to
produce a sample of ⌫̄e-electron scatters that is more than five times larger than what has been
collected before. Such a sample would allow for a 3.2% measurement of sin2 ✓W and a sensitive
search for non-standard interactions.

PACS numbers: 13.15.+g 14.60.Lm 14.60.St

I. INTRODUCTION

A large sample of antineutrino-electron scattering (ES)
events (⌫̄

e

+ e� ! ⌫̄
e

+ e�) allows for sensitive searches
for Beyond Standard Model physics. In the Standard
Model, the ES cross section depends only on kinematic
terms and the weak couplings, g

V

and g
A

, or, equiva-
lently, sin2 ✓

W

. There are no complications arising from
strong interaction as in neutrino-quark scattering, be-
cause ES is purely leptonic. Currently, sin2 ✓

W

is well
known from measurements outside of the neutrino sec-
tor [1], and the ab initio prediction for this two-lepton
scattering process is therefore very precise. However, a
rich variety of new physics in the neutrino sector can af-
fect the ES cross section. Such physics can include heavy
partners which mix with the light neutrinos or new Z 0s
that couple only to neutrinos [2].

In this paper, we outline a precision study using the
proposed electron antineutrino source, IsoDAR [3] which
is being developed as part of the DAE�ALUS program [4].
The high event rate provided by this low energy source
leads to the possibility of precision measurements of the
couplings (g

V

and g
A

) and sin2 ✓
W

. Along with these
analyses, we explore IsoDAR’s sensitivity to nonstandard
interactions (NSIs)–new physics introduced into the the-
ory via an e↵ective 4-fermion term in the Lagrangian [5].
NSIs induce corrections to the Standard Model couplings,
g
V

and g
A

. An observed deviation from the Standard
Model expectation, indicative of new physics, could dra-
matically change our evolving understanding of neutrino
properties and interactions.
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II. THE ISODAR SOURCE

The IsoDAR antineutrino source [3], when combined
with the KamLAND detector [6], can collect more than
2400 ES events in a five year run. This estimate is smaller
than that reported in Ref. [3] as a number of analysis
cuts have been introduced. Such a collection of ⌫̄

e

ES
events would be the largest to date and can be compared
to the samples from the Irvine experiment (458 events
from 1.5 to 3 MeV [7]); TEXONO (414 events from 3 to
8 MeV [8]); Rovno (41 events from 0.6 to 2 MeV [9]);
and MUNU (68 events from 0.7 to 2 MeV [10]).
IsoDAR [3] is a cyclotron that will accelerate protons to

60 MeV. The protons impinge on a 9Be target to produce
an abundant source of neutrons. The neutrons subse-
quently enter a surrounding 99.99% isotopically pure 7Li
sleeve, where neutron capture results in the creation of
8Li. This unstable isotope undergoes � decay to produce
an isotropic ⌫̄

e

flux with an average energy of ⇠6.5 MeV
and an endpoint of ⇠13 MeV. The ⌫̄

e

interact in the scin-
tillator detector via ES and inverse beta decay (IBD),
⌫̄
e

+p ! e++n. Along with being the signal channel for
the sterile neutrino search described in Ref. [3], the lat-
ter interaction is important for an ES measurement as it
provides a method to constrain the normalization of the
flux, as described in Ref. [11]. We note, however, that the
misidentification of IBD events as ⌫̄

e

events represents a
significant source of background. The key experimental
parameters are summarized in Table I.

III. ⌫̄e-ELECTRON ELASTIC SCATTERING

The neutral current and charged current both con-
tribute to the ES cross section. The ES Standard Model
di↵erential cross section is given by:
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for Beyond Standard Model physics. In the Standard
Model, the ES cross section depends only on kinematic
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and g
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. There are no complications arising from
strong interaction as in neutrino-quark scattering, be-
cause ES is purely leptonic. Currently, sin2 ✓
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is well
known from measurements outside of the neutrino sec-
tor [1], and the ab initio prediction for this two-lepton
scattering process is therefore very precise. However, a
rich variety of new physics in the neutrino sector can af-
fect the ES cross section. Such physics can include heavy
partners which mix with the light neutrinos or new Z 0s
that couple only to neutrinos [2].

In this paper, we outline a precision study using the
proposed electron antineutrino source, IsoDAR [3] which
is being developed as part of the DAE�ALUS program [4].
The high event rate provided by this low energy source
leads to the possibility of precision measurements of the
couplings (g

V

and g
A

) and sin2 ✓
W

. Along with these
analyses, we explore IsoDAR’s sensitivity to nonstandard
interactions (NSIs)–new physics introduced into the the-
ory via an e↵ective 4-fermion term in the Lagrangian [5].
NSIs induce corrections to the Standard Model couplings,
g
V

and g
A

. An observed deviation from the Standard
Model expectation, indicative of new physics, could dra-
matically change our evolving understanding of neutrino
properties and interactions.
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II. THE ISODAR SOURCE

The IsoDAR antineutrino source [3], when combined
with the KamLAND detector [6], can collect more than
2400 ES events in a five year run. This estimate is smaller
than that reported in Ref. [3] as a number of analysis
cuts have been introduced. Such a collection of ⌫̄
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ES
events would be the largest to date and can be compared
to the samples from the Irvine experiment (458 events
from 1.5 to 3 MeV [7]); TEXONO (414 events from 3 to
8 MeV [8]); Rovno (41 events from 0.6 to 2 MeV [9]);
and MUNU (68 events from 0.7 to 2 MeV [10]).
IsoDAR [3] is a cyclotron that will accelerate protons to

60 MeV. The protons impinge on a 9Be target to produce
an abundant source of neutrons. The neutrons subse-
quently enter a surrounding 99.99% isotopically pure 7Li
sleeve, where neutron capture results in the creation of
8Li. This unstable isotope undergoes � decay to produce
an isotropic ⌫̄

e

flux with an average energy of ⇠6.5 MeV
and an endpoint of ⇠13 MeV. The ⌫̄

e

interact in the scin-
tillator detector via ES and inverse beta decay (IBD),
⌫̄
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+p ! e++n. Along with being the signal channel for
the sterile neutrino search described in Ref. [3], the lat-
ter interaction is important for an ES measurement as it
provides a method to constrain the normalization of the
flux, as described in Ref. [11]. We note, however, that the
misidentification of IBD events as ⌫̄
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events represents a
significant source of background. The key experimental
parameters are summarized in Table I.

III. ⌫̄e-ELECTRON ELASTIC SCATTERING
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from an electron flavor antineutrino to some other fla-
vor ↵. This modifies the cross section for ES scatters
through apparent changes to the measured couplings in
the following way:
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where g̃
L

= g
L

+ ✏eL
ee

and g̃
R

= g
R

+ ✏eR
ee

. The couplings
g̃
L

and g̃
R

are switched in the case of neutrinos. The
NSI parameters are ✏eLR

eµ

and ✏eLR

e⌧

, which are associated
with flavor-changing-neutral currents, and ✏eLR

ee

, called
non-universal parameters. As the former are well con-
strained for muon flavor [16] and lepton flavor violating
processes are strongly limited in general, we neglect these
when considering IsoDAR’s sensitivity to NSI. That is,
we focus on the two relevant non-universal parameters
✏eLR

ee

and set the four others to zero. This is also a mat-
ter of simplicity and convenience, given the complications

that can arise when making assumptions about multiple
terms that have the potential to cancel each other. We
note that given some set of assumptions, sensitivity to
the poorly constrained parameters ✏eL

e⌧

and ✏eR
e⌧

is also
available.
A precision measurement of the ES cross section re-

quires an experiment which has strong reconstruction
capabilities, precision understanding of the flux normal-
ization, reasonably low backgrounds that are well con-
strained by direct measurement, and substantial statis-
tics. The approach described here follows the proposed
analysis of Ref. [11], which examined an ES cross sec-
tion measurement at a reactor-based antineutrino source.
The IsoDAR analysis has a considerable advantage over
reactor-based measurements because the 8Li-induced flux
peaks well above 3 MeV, where environmental back-
grounds are substantially decreased. Further, beam-
o↵ periods, which can be rare for commercial reactor
sources, allow a determination of non-beam-related back-
grounds in the case of IsoDAR.

IV. SIGNAL AND BACKGROUND

Neutrino-electron scattering events are simply charac-
terized by the outgoing electron’s energy in scintillation-
based detectors. However, directly evaluating Eq. 1 re-
quires the reconstruction of both T and E

⌫

. The electron
recoil kinetic energy, T , is equivalent to the visible energy
in the KamLAND detector, E

vis

. Unfortunately, E
⌫

can-
not be reconstructed in KamLAND because the exiting
antineutrino carries away undetectable energy and the
outgoing electron’s angle cannot be resolved. As a re-
sult, our analysis strategy is to consider the events in
terms of E

vis

bins while integrating over all E
⌫

values
that can contribute to these populations. Knowledge of
the flux, gained from the known IBD cross section and
rate measurement, is essential for this determination.

The uncertainty on the ES prediction is dominated
by the normalization uncertainty on the antineutrino
flux from the IsoDAR source. Following the method of
Ref. [11], this normalization will be determined from the
observed IBD events that can be well isolated using the
delayed coincidence of the prompt outgoing positron sig-
nal and delayed neutron capture signal. The uncertainty
for this determination is dominated by the KamLAND
IBD e�ciency error of 0.7% [6] combined with a 0.1%
statistical error, given the nominal 5 year IsoDAR run
expected. The IBD cross section error is negligible.

A series of cuts are applied to reduce ES backgrounds.
**A table showing all of the cuts explicitly should be
added**. To reduce cosmic background, we employ the
KamLAND veto cuts from Ref. [17]. For well-tracked
muons, this involves a 5 s veto in a 3 m radius around
the muon track and a 200 ms veto throughout the remain-
der of the detector. For poorly reconstructed tracks and
for muons with unusually high light levels, the 5 s veto is
applied throughout the detector. In order to di↵erentiate

2

Accelerator 60 MeV/amu of H+

2

Power 600 kW
Duty cycle 90%
Run period 5 yrs (4.5 yrs live)

Target, sleeve 9Be, 7Li (99.99%)
⌫e source 8Li � decay
⌫e hE⌫i 6.4 MeV
⌫e flux 1.29⇥1023 ⌫e

Detector KamLAND
Fiducial mass 897 tons

Target face to detector center 16.1 m

Vertex resolution 12 cm/
p

E (MeV)

Energy resolution 6.5%/
p

E (MeV)

TABLE I: The IsoDAR experiment’s main characteristics, as
presented in Ref. [4]
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boson [14, 15] provides an absolute prediction beyond
leading order [12].
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capabilities, precision understanding of the flux normal-
ization, reasonably low backgrounds that are well con-
strained by direct measurement, and substantial statis-
tics. The approach described here follows the proposed
analysis of Ref. [11], which examined an ES cross sec-
tion measurement at a reactor-based antineutrino source.
The IsoDAR analysis has a considerable advantage over
reactor-based measurements because the 8Li-induced flux
peaks well above 3 MeV, where environmental back-
grounds are substantially decreased. Further, beam-
o↵ periods, which can be rare for commercial reactor
sources, allow a determination of non-beam-related back-
grounds in the case of IsoDAR.
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quires the reconstruction of both T and E

⌫
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recoil kinetic energy, T , is equivalent to the visible energy
in the KamLAND detector, E
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. Unfortunately, E
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can-
not be reconstructed in KamLAND because the exiting
antineutrino carries away undetectable energy and the
outgoing electron’s angle cannot be resolved. As a re-
sult, our analysis strategy is to consider the events in
terms of E
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bins while integrating over all E
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values
that can contribute to these populations. Knowledge of
the flux, gained from the known IBD cross section and
rate measurement, is essential for this determination.

The uncertainty on the ES prediction is dominated
by the normalization uncertainty on the antineutrino
flux from the IsoDAR source. Following the method of
Ref. [11], this normalization will be determined from the
observed IBD events that can be well isolated using the
delayed coincidence of the prompt outgoing positron sig-
nal and delayed neutron capture signal. The uncertainty
for this determination is dominated by the KamLAND
IBD e�ciency error of 0.7% [6] combined with a 0.1%
statistical error, given the nominal 5 year IsoDAR run
expected. The IBD cross section error is negligible.

A series of cuts are applied to reduce ES backgrounds.
**A table showing all of the cuts explicitly should be
added**. To reduce cosmic background, we employ the
KamLAND veto cuts from Ref. [17]. For well-tracked
muons, this involves a 5 s veto in a 3 m radius around
the muon track and a 200 ms veto throughout the remain-
der of the detector. For poorly reconstructed tracks and
for muons with unusually high light levels, the 5 s veto is
applied throughout the detector. In order to di↵erentiate
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measurements at the colliders [12] and from muon de-
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when considering IsoDAR’s sensitivity to NSI. That is,
we focus on the two relevant non-universal parameters
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and set the four others to zero. This is also a mat-
ter of simplicity and convenience, given the complications

that can arise when making assumptions about multiple
terms that have the potential to cancel each other. We
note that given some set of assumptions, sensitivity to
the poorly constrained parameters ✏eL
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is also
available.
A precision measurement of the ES cross section re-

quires an experiment which has strong reconstruction
capabilities, precision understanding of the flux normal-
ization, reasonably low backgrounds that are well con-
strained by direct measurement, and substantial statis-
tics. The approach described here follows the proposed
analysis of Ref. [11], which examined an ES cross sec-
tion measurement at a reactor-based antineutrino source.
The IsoDAR analysis has a considerable advantage over
reactor-based measurements because the 8Li-induced flux
peaks well above 3 MeV, where environmental back-
grounds are substantially decreased. Further, beam-
o↵ periods, which can be rare for commercial reactor
sources, allow a determination of non-beam-related back-
grounds in the case of IsoDAR.

IV. SIGNAL AND BACKGROUND

Neutrino-electron scattering events are simply charac-
terized by the outgoing electron’s energy in scintillation-
based detectors. However, directly evaluating Eq. 1 re-
quires the reconstruction of both T and E

⌫

. The electron
recoil kinetic energy, T , is equivalent to the visible energy
in the KamLAND detector, E

vis

. Unfortunately, E
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can-
not be reconstructed in KamLAND because the exiting
antineutrino carries away undetectable energy and the
outgoing electron’s angle cannot be resolved. As a re-
sult, our analysis strategy is to consider the events in
terms of E
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bins while integrating over all E
⌫

values
that can contribute to these populations. Knowledge of
the flux, gained from the known IBD cross section and
rate measurement, is essential for this determination.

The uncertainty on the ES prediction is dominated
by the normalization uncertainty on the antineutrino
flux from the IsoDAR source. Following the method of
Ref. [11], this normalization will be determined from the
observed IBD events that can be well isolated using the
delayed coincidence of the prompt outgoing positron sig-
nal and delayed neutron capture signal. The uncertainty
for this determination is dominated by the KamLAND
IBD e�ciency error of 0.7% [6] combined with a 0.1%
statistical error, given the nominal 5 year IsoDAR run
expected. The IBD cross section error is negligible.

A series of cuts are applied to reduce ES backgrounds.
**A table showing all of the cuts explicitly should be
added**. To reduce cosmic background, we employ the
KamLAND veto cuts from Ref. [17]. For well-tracked
muons, this involves a 5 s veto in a 3 m radius around
the muon track and a 200 ms veto throughout the remain-
der of the detector. For poorly reconstructed tracks and
for muons with unusually high light levels, the 5 s veto is
applied throughout the detector. In order to di↵erentiate
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IsoDAR provides a pure and intense ⌫̄e source with an endpoint of 13 MeV produced through 8Li
�-decay. This source can be paired with a large scintillator detector, such as KamLAND, to produce
a sample of ⌫̄e-electron scatters that is more than five times larger than what has been collected
before. Such a sample allows for sensitive new physics searches arising from possible deviations in
Standard Model couplings.

PACS numbers:

I. INTRODUCTION

A large sample of antineutrino-electron scattering (ES)
events (⌫̄

e

+ e� ! ⌫̄
e

+ e�) allows for sensitive searches
for Beyond Standard Model physics. In the Standard
Model, the ES cross section depends only on kinematic
terms and the weak couplings, g

R

and g
L

, or, equiva-
lently, sin2 ✓

W

. Currently, sin2 ✓
W

is well known from
measurements outside of the neutrino sector [1], and the
ab initio prediction for this two-lepton scattering pro-
cess is therefore very precise. However, a rich variety
of new physics in the neutrino sector can a↵ect the ES
cross section. Such physics can include heavy partners
which mix with the light neutrinos, new Z 0s that cou-
ple only to neutrinos, and the existence of a neutrino
magnetic moment [2]. In this paper, we study the ef-
fect of nonstandard interactions (NSIs) on the ES cross
section. NSIs are introduced into the theory via an e↵ec-
tive 4-fermion term in the Lagrangian [3] and can induce
corrections to the Standard Model couplings, g

R

and g
L

.
For example, NSI terms can allow an incoming electron
flavor antineutrino to instantaneously convert to some
other flavor. An observed deviation from the Standard
Model expectation, indicative of new physics, could dra-
matically change our evolving understanding of neutrino
properties and interactions.

In this paper, we propose a precision study using the
new electron antineutrino source, IsoDAR [4] which is
being developed as part of the DAE�ALUS program [5].
In probing new physics via the ES channel, we consider
the following figures of merit when reporting our results:
(1) achievable sin2 ✓

W

measurement precision; (2) achiev-
able g

R

and g
L

measurement precision; and (3) sensi-
tivity to the NSI parameters specifically. While these
three physics goals can be considered related (at best)
and redundant (at worst), we find that it is useful and
instructive to frame this future measurement in terms of
each individually while relying mainly on sin2 ✓

W

mea-
surement precision as a representative figure of merit.

II. THE ISODAR SOURCE

The IsoDAR neutrino source [4], when combined with
the KamLAND detector [6], can collect more than
2400 ES events in a five year run. This estimate is smaller
than that reported in Ref. [4] as a number of analy-
sis cuts have been introduced. Such a collection of ES
events would be the largest to date and can be compared
to the samples from the Irvine experiment (458 events
from 1.5 to 3 MeV [7]); TEXONO (414 events from 3 to
8 MeV [8]); Rovno (41 events from 0.6 to 2 MeV [9]);
and MUNU (68 events from 0.7 to 2 MeV [10]).
IsoDAR [4] is a cyclotron that will accelerate protons to

60 MeV. The protons impinge on a 9Be target to produce
an abundant source of neutrons. The neutrons subse-
quently enter a surrounding 99.99% isotopically pure 7Li
sleeve, where neutron capture results in the creation of
8Li. This unstable isotope undergoes � decay to produce
an isotropic ⌫̄

e

flux with an average energy of ⇠6.5 MeV
and an endpoint of ⇠13 MeV. The ⌫̄

e

interact in the scin-
tillator detector via ES and inverse beta decay (IBD),
⌫̄
e

+ p ! e+ + n. Along with being the signal channel
for the sterile neutrino search described in Ref. [4], the
latter interaction is important for an ES measurement
as it provides a method to constrain the normalization
of the flux, as described in Ref. [11]. We note, however,
that the misidentification of IBD events as ⌫̄

e

events rep-
resents a significant source of background. The IsoDAR
parameters are shown in Table I.

III. ⌫̄e-ELECTRON ELASTIC SCATTERING

The neutral current and charged current both con-
tribute to the ES cross section. The ES Standard Model
di↵erential cross section is given by:

d�

dT
=

2G2

F

m
e

⇡

⇥
g2
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(1� T
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where E
⌫

is the incident ⌫
e

energy, T is the electron recoil
kinetic energy, G

F

is the Fermi coupling constant, andAstrophysical	
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Bkg factor � sin2 ✓W
� sin

2 ✓W
sin

2 ✓W
� sin2 ✓stat-onlyW

Rate +Shape 1.0 0.0076 3.2% 0.0057
Shape Only 1.0 0.0543 22.8% 0.0395
Rate Only 1.0 0.0077 3.2% 0.0058

Rate +Shape 0.5 0.0059 2.5% 0.0048
Rate +Shape 0.0 0.0040 1.7% 0.0037

TABLE V: Estimated sin2 ✓W measurement sensitivity for
various types of fits to the E

vis

distribution. The second col-
umn indicates the background reduction factor.
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FIG. 2: IsoDAR’s sensitivity to gV and gA along with allowed
regions from other neutrino scattering experiments and the
electroweak global best fit point taken from Ref. [37]. The
IsoDAR, LSND, and TEXONO contours are all at 1� and are
all plotted in terms of g

⌫µe
V,A = g⌫eeV,A � 1 to compare with ⌫µ

scattering data. The ⌫µe/⌫̄µe contour is at 90% C.L.

cuts from 5 m to 6 m yields similar sin2 ✓
W

measurement
sensitivity since the increase in backgrounds at higher
radii counteracts the increased fiducial volume. To mini-
mize the sensitivity to these backgrounds, a radial cut
of 5 m was chosen. The di↵erential cross section for
antineutrino-electron scattering peaks towards low out-
going electron energy due to the energy carried away by
the outgoing antineutrino. Thus, a low E

vis

cut will give
the best sin2 ✓

W

measurement sensitivity. In order to
avoid the many large backgrounds sources at low energy,
a E

vis

> 3 MeV analysis cut is used.
With the cuts previously described and with the as-

sumptions listed in Table I, the total numbers of elastic
scattering and background events are given in Table III.
Fits to the E

vis

distribution of the event sum, using the
�2 function given in Eq. 5, yields the results shown in Ta-
ble V. The results are given for a combined fit of the rate
and E

vis

shape along with each separately. From these
results, it is clear that this measurement is mainly depen-
dent on the sensitivity of the rate to changes in sin2 ✓

W

and is dominated by statistical uncertainty. The slope,
d sin2 ✓

W

/dN = 7.4⇥10�5, when combined with the total
event rate of 6158.8 implies a statistical uncertainty on
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FIG. 3: (Top) IsoDAR’s sensitivity to ✏eLee and ✏eRee . The cur-
rent global allowed region, based on Ref.[38] is also shown.
(Bottom) A zoomed-in version of the top plot, emphasizing
the region near ✏eLee and ✏eRee ⇠ 0 is shown.

sin2 ✓
W

of 0.0058. Backgrounds could be reduced further
using more advanced analysis techniques. For example,
if the directionality of the incoming antineutrino could
be reconstructed[36], the ES events could be e↵ectively
separated from isotropic backgrounds. Results are also
shown for the case where the background is reduced by
50% or eliminated.

In addition we can treat Eq. 5 as a function of g
V

and
g
A

and perform a two-parameter fit. The 1� contour for
this fit is shown overlaid on data from other neutrino
electron scattering experiments in Fig. 2. The charge
current contribution has been removed from the ⌫

e

e and
⌫̄
e

e scattering data by plotting the contours in terms of
g
⌫µe

V,A

= g⌫ee

V,A

�1 in order to more easily compare with ⌫
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and ⌫̄
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e scattering data. IsoDAR significantly constrains
the global allowed region for the weak couplings derived
from ⌫
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e and ⌫̄
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e scattering data and can test their con-
sistency with the weak couplings derived from ⌫
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scattering.

Finally, using the assumptions listed in Table I as well
as the background and systematics previously described,
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separated from isotropic backgrounds. Results are also
shown for the case where the background is reduced by
50% or eliminated.
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�2 function given in Eq. 5, yields the results shown in Ta-
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and E
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shape along with each separately. From these
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the region near ✏eLee and ✏eRee ⇠ 0 is shown.
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of 0.0058. Backgrounds could be reduced further
using more advanced analysis techniques. For example,
if the directionality of the incoming antineutrino could
be reconstructed[36], the ES events could be e↵ectively
separated from isotropic backgrounds. Results are also
shown for the case where the background is reduced by
50% or eliminated.

In addition we can treat Eq. 5 as a function of g
V

and
g
A

and perform a two-parameter fit. The 1� contour for
this fit is shown overlaid on data from other neutrino
electron scattering experiments in Fig. 2. The charge
current contribution has been removed from the ⌫
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e and
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e scattering data by plotting the contours in terms of
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the global allowed region for the weak couplings derived
from ⌫
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e scattering data and can test their con-
sistency with the weak couplings derived from ⌫
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Finally, using the assumptions listed in Table I as well
as the background and systematics previously described,
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Conclusion	
  

•  Exci1ng	
  beyond-­‐the-­‐standard	
  model	
  physics	
  
can	
  be	
  probed	
  with	
  low	
  energy	
  neutrinos	
  

•  Discovery	
  of	
  a	
  sterile	
  neutrino	
  would	
  be	
  a	
  
major	
  result	
  for	
  par1cle	
  physics	
  

•  Robust	
  program	
  searching	
  for	
  new	
  physics	
  
with	
  neutrinos	
  from	
  reactors,	
  cyclotrons,	
  and	
  
radioac1ve	
  sources	
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