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Remark: 
Novel approaches for 
neutrino sources

Where do my neutrinos come from?
The common particle physicist’s view:



• Neutrino detection technology has just undergone a seismic 
paradigm shift. A similar paradigm shift in neutrino sources can take 
us into new physics territory.


• The development and realization of truly novel neutrino sources 
should be explicitly recommended by P5! 

Source development is just as important 
as detector development
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Summary
FASER successfully took data in first year of Run 3

Running at very good efficiency with fully functional detector

First physics results presented
Excluded dark photon in region of low mass, low kinetic mixing

Probing new territory in thermal relic region
~150 neutrino interaction reconstructed in spectrometer

First direct observation of collider neutrinos
– opening new window for studying high energy neutrinos

More searches and neutrino measurements to come

Will continue data-taking throughout LHC Run 3
Up to 10 times more data coming in the next years

Novel neutrino source example: FASER recently announced first observation of collider neutrinos!

(provides new window into studying high-E neutrinos and new-territory in dark matter search)



Unique 8Li beta-decay flux for BSM searches: 
✓ Single, well-understood decay 
✓ Peak at relatively high energy 
✓ Negligible beam background 
✓ Deep underground 
✓ Well understood cross section (IBD) 
✓ Very high production rate 
✓ Easy on/of

A decade of NSF/Heising-Simons/University  
sponsored development to establish the 

cyclotron and target. 

Awards for the design from accelerator 
physics (Hogil Kim Award) and APS DPF 

(Instrumentation award).  

New approach: an underground accelerator (IsoDAR) 

⌫e ! ⌫x ?

⌫ep ! e+n

⌫x

8Li ! 8Be + e� + ⌫e

v

Fl
ux

Antineutrino energy (MeV)

A cyclotron driver that has x10 more 
power than on-market machines  

(very valuable spin-off for our field!) 

IsoDAR@LSC detector in Korea 



What can this novel source do?
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IBD analysis assumptions
IsoDAR@Yemilab baseline range 9.5-25.6 m
IsoDAR@Yemilab fiducial mass 2.26 kton

IsoDAR@Yemilab fiducial size (radius, height) 7.5 m, 15.0 m
1� uncertainty in ⌫̄e creation point 0.41 m

Prompt (e+) energy res. �(E) = 6.4%/
p

E (MeV)
Prompt (e+) energy res. @ 8 MeV 2.3%

Prompt (e+) vertex res. �[vertex (cm)] = 12/
p

E (MeV)
Prompt (e+) vertex res. @ 8 MeV 4 cm

Total ⌫̄e IBD e�ciency 92%

Total detected ⌫̄e IBD (92% e�ciency) 1.67·106

TABLE II. The assumptions relevant for the IsoDAR@Yemilab IBD-based analyses.
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IsoDAR@Yemilab:  (3+1) plus Decay Model 
Dm2 = 1.35 eV2, sin22q = 0.214 and ! = 4.5 eV-1

FIG. 4. The IsoDAR@Yemilab capability to measure oscillations under three example representative new physics scenarios: a
3+1 model (left), a 3+2 model (center), and a 3+1 with neutrino decay model consistent with the 95% allowed region observed
at IceCube (right) [29]. The points on the left and middle plots include position and energy smearing based on the expected
Yemilab detector resolutions. The plot on the right does not include this smearing.

using existing global data. The simplest model involving
three active neutrinos is the 3+1 model, which produces
a ⌫e oscillation wave as a function of L/E, with survival
probability given by:

P⌫̄e!⌫̄e = 1 � 4(1 � |Ue4|2)|Ue4|2 sin2(1.27�m
2
41L/E) ,

(1)
where �m

2
41 is the mass-splitting between the fourth neu-

trino mass state and the three lighter neutrino states
that are e↵ectively degenerate, and Ue4 is the mixing
matrix element that represents the electron flavor com-
position of the fourth mass state in the extended PMNS
matrix. Terms involving the latter are often simplified to
an electron-flavor dependent mixing angle, such that the
survival probability is given by:

P⌫̄e!⌫̄e = 1 � sin2 2✓ee sin2(1.27�m
2
41L/E) . (2)

Motivated by the arbitrariness of assuming only one ster-
ile neutrino and by tension between the observed experi-
mental anomalies and limits, 3+2 models, with two ster-
ile neutrinos, were introduced. In this case, the survival
probability is given by:

P
3+2
⌫̄e!⌫̄e

=

1 � 4|Ue4|2|Ue5|2 sin2(1.27�m
2
54L/E)

�4(1 � |Ue4|2 � |Ue5|2)(|Ue4|2 sin2(1.27�m
2
41L/E)

+|Ue5|2 sin2(1.27�m
2
51L/E)) , (3)

where there is an additional mass splitting due to the fifth
mass state, and the mixing matrix is further extended to
include the coupling of the electron flavor to this state.
Examples of the expected data as a function of L/E for
some characteristic 3+1 and 3+2 [48] IsoDAR@Yemilab
scenarios are shown in Fig. 4, left and center. One can
see that, for IsoDAR@Yemilab, 3+2 is distinguishable
from 3+1 due to the the interference between the two
contributing mass splittings. Fig. 4 (right) presents the
expectation for a representative “3+1+decay” scenario, a
new model that has recently been motivated by IceCube’s
muon-flavor disappearance results. IceCube atmospheric
muon neutrino data in the 1 TeV range will exhibit a
resonant disappearance signature due to matter e↵ects
if neutrinos have a sterile component in the range of ⇠
1 eV2. The results indicate an allowed region for a 3+1
fit at > 90% and < 95% CL [29]. When the model is
extended to allow for decay of the high mass neutrino ⌫4,
the fit improves, and the SM is rejected with a p-value
of 2.8% [29]. This motivates exploration of the model
by IsoDAR, for the lifetime found by IceCube and �m

2

within the IceCube 95% allowed region that overlaps with
a solution found in short-baseline global fits. The survival

Extreme sensitivity to any kind of new oscillations
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FIG. 15. IsoDAR@Yemilab’s sensitivity to sin2 ✓W in com-
parison to past and future (DUNE [106, 107]) experiments,
and a global reactor-antineutrino analysis [104]. Aspects of
this figure are adapted from Ref. [106].
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FIG. 16. The expected achievable sensitivity for Iso-
DAR@Yemilab’s 5-year runtime ES measurement (with and
without directional reconstruction capabilities), in terms of
the NSI parameters ✏eLR

ee (near ✏eLR
ee ⇠ 0, noting that there

is a four-fold degeneracy of these values, see Eq. 11). Also
shown is a global fit to these parameters, based on Ref. [105].

a search for short-baseline oscillations, including initial-
state wavepacket e↵ects, and the ability to trace the L/E

wave with a collection of 1.7 ·106
⌫̄e-induced IBD events;

(2) a search for other unexpected deviations in this IBD
sample (e.g. a bump hunt), which are, for example,
motivated by theory models involving light mass media-
tors, and experiment, including the X17 particle and the
5 MeV reactor bump anomalies; and (3) a precision mea-
surement of ⌫̄e-induced electron scattering events as an
electroweak probe and search for non-standard neutrino
interactions. The latter measurement would be signif-
icantly enhanced by the detector’s potential capability
to reconstruct the direction of signal electrons. These
physics studies would greatly improve upon existing mea-
surements, in particular, at a level approaching an order

of magnitude in both sterile-oscillation and weak-mixing-
angle/NSI sensitivity.
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wave with a collection of 1.7 ·106
⌫̄e-induced IBD events;

(2) a search for other unexpected deviations in this IBD
sample (e.g. a bump hunt), which are, for example,
motivated by theory models involving light mass media-
tors, and experiment, including the X17 particle and the
5 MeV reactor bump anomalies; and (3) a precision mea-
surement of ⌫̄e-induced electron scattering events as an
electroweak probe and search for non-standard neutrino
interactions. The latter measurement would be signif-
icantly enhanced by the detector’s potential capability
to reconstruct the direction of signal electrons. These
physics studies would greatly improve upon existing mea-
surements, in particular, at a level approaching an order

of magnitude in both sterile-oscillation and weak-mixing-
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etc., and has impacts on the neutrino floor for direct de-
tection experiments [74, 75].
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FIG. 9. The IsoDAR 4-year livetime sensitivity exclusion on
the N⇤ ! NX(! ⌫̄⌫) branching ratio as a function of the
boson mass mX , given at 90% CL. The flat limit for mX . 5
MeV may extend to arbitrarily small masses (sub-eV) barring
model-dependent bounds.

FIG. 10. The IBD (⌫̄e + p ! e+ + n) rates from promptly
decaying X ! ⌫̄e⌫e arriving at the Yemilab detector (color-
coded by mass) plotted against the expected IBD background
(gray). The spectral shape is inherited from the convolution
of the boosted 2-body decay spectrum with the IBD cross sec-
tion, �IBD(E⌫̄e), and summed over all kinematically accessible
nuclear transitions to produce the X states.

Driven by nuclear transition induced gammas in the
IsoDAR target, we present the 90% CL sensitivity to
the bosonic state X via a branching ratio �X/�� , that
subsequently decays to ⌫̄⌫ pairs, in Fig. 9. The ⌫e

spectrum produced from the prompt X decay is simu-
lated with Monte Carlo in the X rest frame, boosted to
the lab frame, and propagated to the IsoDAR@Yemilab

2.26 kton fiducial volume where the antineutrino is de-
tected via IBD. The ⌫̄e energy spectra detected this
way are shown in Fig. 10 for several masses and com-
pared with the IBD rate from 8Li, which is expected
to be the only significant background for this search.
There are several interesting features of the signal shape,
namely, the boosted ⌫̄e spectrum from each monoener-

getic X produced would have endpoint energies E

max
min
⌫̄e

=
�mX(1±�)/2, where � and � are the Lorentz factor and
X velocity, respectively. The edges in the spectrum are
the imprints of edges in the photon spectrum (Fig. 8),
transformed and skewed by the combined e↵ect of the
Lorentz boost and IBD cross section convolution.

Our projected sensitivity in Fig. 9 is then calculated
by performing a ��

2 analysis, treating the expected IBD
spectrum as a background and null hypothesis. The X-
boson coupling to the quarks can be constrained from this
analysis to be  10�3 for an X-boson mass O(10) MeV
when the X boson decays promptly into neutrinos with
coupling values � 10�7. Some regions of the parameter
space associated with the product of the quark and the
neutrino couplings of X that can be probed at IsoDAR
are still allowed by the constraints from the COHERENT
experiment [74, 79, 80].

One particular experimental interest is the sensitiv-
ity to the light mediator claimed to explain the Atomki
anomaly [36, 81–83]. This is a reported excess of e

+
e
�

pairs observed in the decay of the 18 MeV excited state
of beryllium produced through 7Li(p,n)8Be⇤, and the set
of 20 MeV excited states of helium produced through
3H(p,�)4He. In the former case, the invariant mass of
the pairs is consistent with a vector boson mediator of
16.70±0.35(stat)±0.5(sys) MeV and in the latter of mass
16.94 ± 0.12(stat)±0.21(sys) MeV. However, one can see
from Fig. 8, that the rate of 18 MeV (and higher energy)
photon production is relatively low. Thus, if IsoDAR ob-
serves a peak due to ⌫̄e interactions at ⇠8.5 MeV, then
the connection to the Atomki anomaly requires a cou-
pling to neutrinos that is substantially di↵erent from the
coupling to electrons. Alternatively, if IsoDAR@Yemilab
observes no signal at 8.5 MeV, some (but unlikely all)
explanations for the Atomki anomaly can be excluded.

Another interesting experimental motivation arises
from the 5 MeV reactor bump, which is seen in the event
distribution of most modern reactor experiments. Fig. 11
shows the ratio of data to prediction for recent high
statistics data sets, with experiments located at highly
enriched uranium (HEU) reactors, PROSPECT [30] and
STEREO [31], shown in the top panel and those located
at power-reactors, NEOS [32], RENO [33], Daya Bay [34]
and Double Chooz [35], in the bottom panel. The source
of the excess at 5 MeV has not yet been fully explained,
although recent measurements [84, 85] indicate that the
bump may arise from incorrect predictions of the Huber-
Mueller model [86, 87] related to 235U (and perhaps 239Pu

3

Similar fluxes are derived for associated produc-
tion and bremsstrahlung, except the differential en-
ergy cross section is folded in instead of the total
cross section, and the resulting ALP flux takes on a
continuous energy spectrum.

A third production mechanism is the coupling of
ALPs to nuclei. We consider the models that predict
the decay rate ratio �a/�� for nuclear decay N⇤ !
N + a/�. Since ALPs are a pseudoscalar, ALP a is
associated with MJ transitions (magnetic multipole
transitions with angular momentum J). Magnetic
multipole transitions, e.g. magnetic dipole (M1) and
quadrupole (M2), have angular momentum change
�I = J and parity change �⇡ = (�1)J+1. The
coupling is given by

LaN = ia ̄N�5(g
0
aNN + g1

aNN⌧3) N (4)

where  N =

✓
p
n

◆
. We take an effective coupling

gann ' g0
aNN ' g1

aNN . The branching ratio for the
transitions to ALPs is [81]

✓
�a

��

◆

MJ
=

1

⇡↵

1

1 + �2
J

J + 1

✓
|~pa|
|~p� |

◆2J+1

⇥
✓

gann(1 + �)

(µ0 � 1/2)� + µ1 � ⌘

◆2

, (5)

where � and ⌘ are nuclear structure factors, which
have default values � = 1, ⌘ = 0.5. The GEANT4
simulation of IsoDAR provides several transition
lines including the energy and the flux, as shown
in Fig. 2. We consult the NDS (Nuclear Data Ser-
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FIG. 2. Photon spectrum generated from the GEANT4
simulation of IsoDAR with 105 protons on target. Pho-
ton sources include both continuum and discrete chan-
nels, notably neutron capture and inelastic processes in-
volving d, p, n, and ↵ channels.

vice) to find the transitions that match with the lines

Nucleus Energy in MeV Type � ⌘
Fe57 7.606 M1 0.7071 -0.3111
Li8 1.009 M1 1 -0.0260
Li8 2.053 M1 1 -0.1034
O15 5.281 M2 1 0.5

TABLE I. The best matches of nuclear transitions be-
tween GEANT4 and NDS are presented for select iso-
topes. Nuclear structure factors � and ⌘ are computed
by BIGSTICK [89] if possible, otherwise � and ⌘ are set
to the default values.

GEANT4 generates. See Table I for the selected
lines.
ALP Detection Mechanisms. Calculation of the
event rate requires understanding the interactions
of ALPs as they travel through matter. We express
this using a series of probabilities:

1. The probability that the ALP survives to the
detector without decaying, PS1.

2. The probability that the ALP survives to the
detector without scattering, PS2.

3. The probablity the ALP decays inside the de-
tector to visible energy, Pdecay.

4. The probability the ALP scatters inside the
volume of the detector, Pscatter.

The probability of ALP decay can be calculated
by integrating the probability density over the dis-
tance the ALP travels. In the case of the survival
probabilities, we will call this distance d. In the case
of the probabilities for which the ALP is producing
photons in the detector, the integrated distances are
the boundaries of the detector, or l. Therefore, the
probability of the ALP not decaying before reaching
the detector, and the probability of the ALP decay-
ing inside the detector are:

PS1 = e�d/(⌧va), Pdecay = 1 � e�l/(⌧va) (6)

where ⌧ = 1/� is the lifetime of the ALP in the
lab frame and va = pa/E. For couplings to photons,
for example, the decay width of the ALP is related
to its mass and ga� by � = (g2

a�m3
a)/(64⇡).

Similarly, to find PS2 and Pscatt, we can alter
equation 6 by replacing 1/(⌧va) with n�(E). Here
n is the number density of the material the ALP is
traveling through and � is the cross section of the
coupling being investigated.

To find the total probability of a single photon
being produced, surviving, and being detected, the
probability terms must be integrated over the solid
angle of the detector. This integration is uniform
due to the isotropic processes of production.

4

Ptotal =

Z 5⇡
6

�5⇡
6

Z 5⇡
6

�5⇡
6

PS1PS2(Pscatter + Pdecay)d✓d�

(7)
To get the total number of ALP events, a convo-

lution of this probability density must be done with
the associated spectrum, noting that We take 5⇡/6
as the angle that the LSC detector covers from the
IsoDAR target based on the geometry in ref. [72]:

Nevents =

Z 1

3 MeV
S(E)Ptotal(E)dE (8)

where S(E) is the photon or electron spectrum
weighted by the probability of ALP production in
the target. A lower limit of 3 MeV was taken for
the LSC detector as below this energy threshold ad-
ditional backgrounds become insurmountable. This
results in an expected visible event spectrum which
can be observed for any given parameter set of ALP
masses and coupling constants.

It is also possible to use the ALP-electron
coupling to detect events in the LSC detector.
For ALPs with masses ma > 2me the decay
channel to e+e� becomes available, with width
�(a ! e+e�) = g2

aema

8⇡ (1 � 4m2
e

m2
a

)1/2. Detection rates
from a ! e+e� decays inside the detector fiducial
volume can be calculated using the same probabili-
ties from the previous section. Alternatively, ALPs
with couplings to electrons can also be detected
via inverse-Compton scattering (ae� ! �e�). The
resulting detected energy spectra from electron
coupling production and detection channels is
shown in Fig. 3.

Background Analysis. Poisson noise was added
to the background spectrum to simulate random
fluctuations in the data. 10,000 pseudo-experiments
were thrown with and without ALPs injected into
the data. A ��2 test was then used to compare
signal with and without ALPs for each set of ALP
parameters. We then compared the signal at this
point in parameter space to background to see if
it could be differentiated from background at 90%
confidence level. This process was repeated over the
relevant ALP parameter space in order to draw the
projected sensitivity.

In the example case of IsoDAR the backgrounds
are well known. Given that the LSC detector cannot
distinguish electron-antineutrino-like events from
ALP-like events, it is possible to use the background
analysis from refs. [72–74] while adding the neutrino
events as a background to the ALP signal. These
backgrounds include solar neutrinos, cosmogenic
isotopes, radiogenics within the detector and from
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FIG. 3. Differential ALP spectrum from gae-induced
production and detection channels. Above masses ma >
2me ' 1 MeV, resonant production and subsequent de-
cays to e+e� pairs dominates the signal; this results in
a largely localized peak in the detected energy spectrum
(red). The Yemilab background is summed with the ⌫e

component, shown in black.

rock surrounding the detector. The expected
background is taken from ref. [74] and can also be
seen in Fig. 3.

Results and Conclusions. In Fig. 4 we show
IsoDAR’s projected sensitivity to ALP parameter
space over nucleon, photon, and electron couplings
using an estimated 7.88 · 1024 protons on target
over 5 years. In each case we highlight in the yel-
low hatched region the relevant space of QCD ax-
ion models, namely those of Dine-Fischler-Srednicki-
Zhitnitsky (DFSZ) type models [6, 90–92], which
generate couplings to SM fermions from the dynam-
ics of an extended Higgs sector and PQ field after
spontaneous symmetry breaking, and Kim-Shifman-
Vainshtein-Zakharov (KSVZ) [93, 94] models, which
generate operators like aF F̃ through loop diagrams
of heavy color-charged fermions.

We first present the case in which ALPs are pro-
duced via Primakoff scattering within the IsoDAR
target and are detected via inverse Primakoff scat-
tering and a ! �� decays in the LSC detector. The
sensitivity can be seen in Fig. 4(a). We find a slight
increase in the projections for both QCD axion and
generic ALP parameter space, extending the existing
beam dump constraints down in the coupling until
the SN1987a constraint [95].1 We also project im-
provement to the existing laboratory-based bounds

1 See also ref. [96] for a discussion on potential constraints
from supernovae explosion energy which may apply in this
region of parameter space.
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FIG. 4. Sensitivity contours at 90% CL, for 5 and 10 year exposures, using (a) couplings to photons, (b) couplings to
electrons, (c) couplings to nucleons and photons, and (d) couplings to nucleons and electrons. In (c) and (d), ALPs
are produced via nuclear transitions and propagate to the detector to subsequently scatter or decay via electron
coupling (inverse Compton, a ! e+e� decay) or photon coupling (inverse Primakoff, a ! �� decay) channels.

from e+e� ! inv. + � [97] for ma < 100 keV until
the constraint from NOMAD [98].

The projected sensitivity to ALPs coupling to
electrons is shown in Fig. 4(b), where we have con-
sidered ALP production in the IsoDAR target via
Compton scattering, associated and resonant pro-
duction, and ALP-bremsstrahlung. Again, the de-
tection modes here consist of inverse Compton scat-
tering and e+e� decays. We project sensitivity over
new values of gae that test part of the benchmark
QCD axion parameter space (DFSZI and DFSZII
models) beyond the missing-energy constraint from
NA64 [99–101], and even extend the existing decay
limits beyond the beam dump bounds [102–106] and
test the space only excluded by the SN1987a neu-
trino measurement [107].

Next we show a sensitivity projection in the com-
bined parameter space of nucleon, photon, and elec-
tron couplings. For simplicity we assume ALPs are
produced primarily in nuclear transitions and then
propagate to the detector to either decay or scat-
ter through gae or ga� mediated channels. The sen-
sitivity for ALPs produced via nuclear transitions
and detected by inverse Primakoff scattering and
decays to �� (gae ! 0, ga� 6= 0, gann 6= 0) can
be seen in Fig. 4(c), which projects a new exclu-
sion over almost a full order of magnitude in the
coupling product |ga� · gann|, while also testing as-

trophysical constraints. The sensitivity reach us-
ing the same production modes but with detection
through inverse Compton scattering and decays to
e+e� (ga� ! 0, gae 6= 0, gann 6= 0) is shown in
Fig. 4(d), and also shows good reach over new pa-
rameter space for ma > 2me where the e+e� decays
become kinematically accessible. Existing bounds
from Borexino [108, 109], Texono [110], and BGO
bolometers [111, 112] are shown along with the as-
trophysical bounds from HB stars and SN1987a in
both scenarios in Figs. 4(c) and 4(d).

The IsoDAR experiment also tests regions of pa-
rameter space only covered by astrophysical limits,
which are known to be model-dependent (see, e.g.,
ref. [113]), and are often being revised with new data
and theoretical guidance. They can also be lifted in
several specific models [114–120], and in this sense
IsoDAR probes valuable parameter space in a model-
independent way.

In conclusion, we have presented a strategy to
study ALPs utilizing nuclear transitions in a fixed
target neutrino facility, in addition to utilizing the
EM showers. These monoenergetic peaks provide
specific signal above background that allow the
probing of parameter space which otherwise would
require higher flux. These peaks also provide new
ways to probe axion-nucleon couplings. We used the
IsoDAR neutrino experiment as an example. Using
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FIG. 1. ALP production from the IsoDAR@Yemilab tar-
get, and detection via electron, nucleon, and photon cou-
plings leading to �, ��, �e�, and e+e� final states in the
LSC detector.

center-to-center from the target [74].
In this paper, we demonstrate that the IsoDAR

at Yemilab experiment can explore new, as-of-yet
untested parameter space for ALPs and QCD ax-
ions. It can also provide laboratory-based, model-
independent constraints over parameter space ex-
cluded only by astrophysical considerations. In or-
der to understand the ALP production channels us-
ing nucleon, photon, and electron couplings, we sim-
ulate the secondary interactions inside the IsoDAR
target geometry using GEANT4 [79]. GEANT4 ac-
counts for secondary photon production from pro-
cesses such as nuclear and atomic excitations, and
cascade photons which are crucial processes in Iso-
DAR [72–74], in addition to electron and positron
fluxes.
ALP Production in the IsoDAR Target. We
begin by considering electromagnetically coupled
ALPs, described by

La� = �1

4
ga�aFµ⌫ F̃

µ⌫ (1)

We find the ALP flux from the electromagnetic
coupling using the photons originating from the
target. The photon flux is calculated using the
QGSP_BIC_AllHP physics list in GEANT4, and based
on a detailed IsoDAR target and sleeve geome-
try [72]. The beryllium is water cooled with heavy
water surrounded by a beryllium pipe, followed by
a lithium-beryllium mixture. The system is held
within a steel containment vessel, which is then

housed in concrete to act as neutron shielding for the
LSC detector. Further details, including the layers
of material within the target can be found in ref. [72].

Primakoff and inverse Primakoff scattering are de-
pendent on the atomic number Z and density of
the material that the photon or ALP is traveling
through. The integrated cross sections of these pro-
cesses has been reported in refs. [80–83]. We es-
timate the ALP flux by finding the probability of
ALP production per photon at a given energy and
within a material, using the starting position of the
photon from GEANT4. The processes within each
layer are summed over to find the total ALP flux.

The above probability per photon at a given en-
ergy must be convoluted with the photon spectrum
at production to give the ALP flux. For IsoDAR,
this spectrum is described in detail in refs. [74, 84],
and is shown in Fig. 2.

In the case of finding the ALP coupling to elec-
trons, we employ a similar approach. Electron ALP
couplings of the Yukawa form

Lae � igaea e�
5 e (2)

may be searched using a number of production and
detection channels. In the IsoDAR target, gamma
rays, electrons, and positrons produced in electro-
magnetic showers may interact with the target ma-
terial to produce an ALP flux through an ALP-
electron coupling. Photons impinging on target elec-
trons at rest can undergo Compton-like scattering
(�e� ! ae�), while electrons and positrons may
source resonantly produced ALPs (e+e� ! a), or
ALPs through associated production (e+e� ! a�),
and bremsstrahlung (e±N ! e±Na). These chan-
nels have been studied recently in the context proton
beam targets in refs. [85–87]. For ALPs produced
from Compton scattering, we convolve the scatter-
ing cross section with the photon flux in the Iso-
DAR target in a similar fashion to the way we handle
the Primakoff-produced ALPs. For ALPs produced
from bremsstrahlung, resonance, and associated pro-
duction, however, the energy loss of the electrons
and positrons in the IsoDAR target must also be
folded in. For e+e� ! a resonant production from
positrons impinging on IsoDAR target electrons, the
ALP rate is

�a /
Z Emax

+

Emin
+

Z E+
Z T

0

d�e+

dE+

⇥ I(t, E+, E0)�(E0)dtdE0dE+ (3)

where I(t, Ei, Ef ) = ✓(Ei�Ef )
Ei�(4t/3) (ln Ei/Ef )4t/3�1 is

the energy loss smearing function for the elec-
tron/positron radiation length t and target radiation
thickness T [88].

New searches for ALP-like particles, mirror neutrons, n-nbar oscillations, and more…
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