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The (g-2)𝜇 Anomaly

• New (g-2)𝜇 world average has 4.2𝜎 tension with SM prediction, but 
disagreement between lattice vs. dispersive result for non-PT input  

• Can be easily explained by new particles around electroweak scale

In this talk:  MeV axion with electroweak decay constant
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Axion couplings to Muons

• Consider axion couplings to pseudo-scalar muon current

• Gives one-loop contribution to (g-2)𝜇 with wrong sign
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axion-dependent chiral field redefinition 
=  EOM with anomaly term

In light of the strong experimental constraints on flavor-violating o↵-diagonal derivative

couplings, we will henceforth assume that kL and kR are diagonal in the lepton mass basis.

Equivalently, the flavor diagonal axion coupling is then5
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Our focus is not the QCD axion, and the coupling to gluons will not be important for our

phenomenological analysis. Furthermore, as mentioned above, it is technically natural to

set it to zero. Hence, we will neglect cgg as well. (We will also mostly neglect couplings

to quarks, which may exist but do not a↵ect our observables of interest.) We are left with

only the diagonal derivative couplings (2.6) and the couplings to photons. Summarizing,

then, the axion EFT that we will work with in the remainder of the paper has the form
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This EFT can be valid up to energy scales . 4⇡fa. We emphasize that the truncation to

only flavor-conserving couplings is not justified on general EFT grounds in the infrared.

An ultraviolet completion must have some structure, such as flavor symmetries, to explain

the suppression of the flavor-violating o↵-diagonal couplings. Because our main goal is to

argue that axion explanations of the muon g � 2 anomaly face a variety of challenges in

their UV completion, this only strengthens our main conclusion.

2.4 Parameter space for explaining muon g � 2

In this e↵ective Lagrangian, there are three leading diagrams contributing to the lepton

g � 2, as depicted in Fig. 1.

1 2 3

Figure 1. Feynman diagrams for contributions to lepton g� 2. The cyan dots represent insertions
of a derivative coupling of the form (2.6). The magenta dot represents an insertion of an aF F̃

coupling. Unmarked vertices are ordinary gauge interactions.
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Note that using equation of motion or equivalently with chiral rotations of fermions, this operator could

be rewritten as a combination [16, 19]:
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where the dots represent similar terms involving Z boson and terms higher order in a/fa.
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Axion couplings to Photons

• Consider also 2-loop Barr-Zee contributions from other fermions
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FIG. 3. Parameter space where the central values of �ae

and �aµ can be explained by additional ALP couplings to
leptons. The required tau couplings g⌧/m⌧ are shown as
contour lines in units of 1/GeV (red, dotted). The contour
lines of muon couplings gµ/mµ follow those of g⌧/m⌧ , and
correspond to gµ/mµ = {3, 1, 0.7} · 10�3/GeV for g⌧/m⌧ =
{0.4, 0.8, 1.4}/GeV, respectively. Also shown is the tuning
(green, solid) as defined in the text, and the best-fit regions
(blue) for reproducing the Xenon1T excess, with the dia-
mond denoting the same benchmark point, see Fig. 2.

However, allowing for a non-zero coupling to photons
C�� in Eq. (1), there is an additional contribution to �ae
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where ⇤ > ma is a UV scale, and the finite terms can
be computed upon specifying a UV completion [17]. By
choosing a coe�cient (in the limit ma � me)
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the photon contribution can cancel the one-loop contri-
bution in Eq. (7) to a substantial level, at the price of
fine-tuning.

We now demonstrate that an e↵ective coe�cient C��

of the required size can be obtained by introducing ad-
ditional couplings of a to SM heavy leptons (` = µ, ⌧).
In order to do so, it is convenient to work with the La-
grangian in the basis of Eq. (2) setting eC�� = 0. Indeed,
this corresponds to C�� = �c`a ⇡ �cea, which up to
running e↵ects can be exactly of the right size given in
Eq. (9). In this basis the c`a couplings contribute to the
electron AMM via Barr-Zee type diagrams at two-loop
order
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where f(u, v) is the loop function

f(u, v) =

Z 1

0
dxdydz

ux

ux+ uvxyzz + vzzx2y2
, (11)

with the shorthand x = 1 � x, and similar for y, z.
When the external lepton mass is small compared to the
ALP mass3, u � 1, we recover the result in Eq. (10) of
Ref. [15]; when the lepton mass in the loop is large, v ⌧
1, we reproduce the e↵ective 1-loop result in Eq. (37) of
Ref. [17]. For u � 1 and v ⌧ 1, i.e. me ⌧ ma ⌧ m`, one
has f(u, v) ! 2� log v and h1(u) ⇡ (�11/3 + 2 log u)/u,
so that the two-loop contribution in Eq. (10) can poten-
tially cancel the one-loop electron contribution in Eq. (7),
even when c`a ⇠ cea (see also Ref. [14]).
Therefore one can make the model compatible with the

electron AMM by adding a coupling c⌧a of the ALP to
tau leptons, which can be tuned to reproduce the central
value of �ae = �8.7 ⇥ 10�13 for the relevant region of
parameter space in Fig. 2. Moreover, by adding also a
coupling cµa of the ALP to muons, one can simultane-
ously account for both �ae and �aµ, although only in
a subregion of the parameter space. By choosing suit-
able values c⌧a ⇡ cea and cµa ⌧ cea, �aµ is dominated
by the 2-loop contribution proportional to cµac⌧a. There
is also a second solution with (roughly factor 10) larger
values for cµa, but �aµ results from a cancellation of 1-
loop and 2-loop contributions, leading to an additional
tuning. For this reason we focus on the first solution in
the following.
Fig. 3 shows the resulting region of parameter space

where the central values of �ae and �aµ can be ex-
plained by additional ALP couplings to heavy leptons.
Also shown is the region excluded by perturbative uni-
tarity, the contour lines of 2c⌧a/⇤ = g⌧/m⌧ (red, dotted)
and of the required tuning (green, solid). This tuning
is defined as |�a1loope /�aexpe | and it is needed to par-
tially cancel the 1-loop contribution to �ae as explained
above. The contours of gµ/mµ follow those of g⌧/m⌧ ,
with values indicated in the caption. It is worth noting
that Fig. 3 also shows (to very good approximation) the
parameter space for the scenario where the muon AMM
is not addressed at all, i.e. cµa = 0, which removes the
excluded gray region in the lower right corner.

POSSIBLE UV COMPLETIONS

Our scenario has similarities with the “visible” QCD
axion in the MeV range considered in Ref. [14], although
we have not considered couplings to quarks. Thus an in-
teresting extension of our model could involve couplings
to colored fermions, also enabling a connection to the

3
In the opposite limit u, v ⌧ 1, f(u, v) ! 3� log v/u.
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Get right sign when axion coupled to fermions with 
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cµa ⌧ cfa

• Induce effective axion couplings to photons

✦ general IR result

Chang et al. ’00, generalized in 2011.08919  
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(c�a, cµa)

Marciano et al. ’17, Bauer et al, ’18, Buen-Abad et al. ‘21

depends on cutoff

✦ result for pseudoscalar couplings must be finite
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• Photon couplings of MeV axions are strongly constrained
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Figure 3. Top: minimal c��/fa needed to explain the muon g � 2 anomaly as a function of ma

(upper blue band), varying cµµ. The other colored regions are the current experimental constraints,
taken from Fig. 29 of Ref. [20]. Bottom: corresponding cµµ/fa when c��/fa is minimized. The
BaBar constraint is taken from Ref. [16]. In both panels, we take ⇤ = 1 TeV.

for one possible explanation of muon g � 2 (see Fig. 3), usually requires charged matter

with masses about O(10 - 20) GeV. Consider the KSVZ type model as an example [36, 37].

In this type, aF F̃ is generated by integrating out heavy charged vector-like fermions with

masses of order fa, assuming that these new fermions have order one charges and PQ

charges. The vector-like fermions could be heavier, e.g., 1 TeV and above, if they have

charges 7 or larger. Yet requiring the Landau pole of U(1)Y to be above the Planck scale

⇠ 1018 GeV limits the hypercharge of the heavy matter to be . 6 [38]. Another di�culty

is that these highly charged fermions may not decay quickly since they could only couple

to SM particles through very high dimensional operators. This may lead to severe collider

and cosmological bounds. For instance, CMS searches have ruled out stable particles with

electric charge ±2e through Drell-Yan production up to 890 GeV [39]. Thus we will not

explore this exotic loophole further. One could also consider fermions with large PQ charges

(in units of the PQ charge of the scalar which is responsible for PQ breaking). However,

the coupling between the PQ scalar and the fermions has to be from high-dimensional

operators due to the PQ charges and the masses of the fermions are then exponentially

– 11 –

taken from 2104.03267

…only if long-lived!

bounds disappear when axion 
decays promptly to electrons

• Need sizable axion couplings 
to electrons to avoid constraints 
from KLOE and beam dumps
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Axion couplings to Taus 

• Get 1-loop contribution to (g-2)e  that is factor ~100 too large
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…but can tune against Barr-Zee contribution needed for (g-2)𝜇

<latexit sha1_base64="twRP91OkBtXvREenqhsqlcmuHHE="></latexit>

me ⌧ ma ⌧ mf <latexit sha1_base64="BTyqtfswLv0hLX7sZ++X5OlUcZY="></latexit>

2 + logm2
f/m

2
a

<latexit sha1_base64="l0Yl1EGwtx6hSx+f1Ipbn9+OJLs="></latexit>

�a2�loop
e = Nc

m2
eceacfa
8⇡2f2

a

↵

⇡
g

 
m2

a

m2
e

,
m2

a

m2
f

!

• 4-parameter model with couplings to all leptons

mu+tau couplings fixed to reproduce (g-2)𝝁,e  
with single tuning of 1%, not always possible

Need sizable tau couplings ~ electron couplings 
constrained by perturbativity
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A sweet spot in the multi-MeV region
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103cµ ⇠ ce ⇠ c⌧ ⇠ fa
GeV

allows to explain XENON1T excess & can be visible QCD axion 



Connection to the XENON1T Excess

• Xenon1T saw excess in electron recoils 
with significance ~3.5𝜎

2011.08919  
• Can be addressed when axion has large 

coupling to DM fermion

5

strong CP Problem. One possible, perturbative comple-
tion at the GeV scale might then be constructed along the
lines of the 2HDM model considered in Ref. [14], possi-
bly in addition to a SM singlet following the classic DFSZ
axion models [34, 35].

On the other hand some ingredients in our scenario
rather point to an UV completion that involve dark
strong dynamics. First, the coupling of the mediator to
DM must be large; this suggests the possibility that a
is the “pion” of a dark strong dynamics, with DM being
the “baryon”. Second, the latter is also functional to re-
produce the DM relic density as asymmetric DM, since
its mass is in the right ball-park and the p-wave anni-
hilation DMDM ! aa would e�ciently dilute the sym-
metric component, being larger than the thermal cross-
section4. At the same time, the asymmetric nature of
DM would protect from indirect-detection bounds since
the s-wave annihilation channel DMDM ! ee is quite
large (⇡ 10�26 cm3/s).

DISCUSSION AND CONCLUSIONS

Our main results are summarized in Figs. 2 and 3,
which show the experimentally allowed parameter region
required to explain the Xenon1T excess, and account at
the same time for the anomalous magnetic moments of
muon and electron (at the price of a few percent tuning).
The quality of the fit of the Xenon1T excess is very
good; even if the region where all constraints are satis-
fied is 1–2 � away from the model best-fit region (which
has �2/d.o.f. ' 5.8/7), the improvement with respect to
the Standard Model in explaining the Xenon1T data is
manifest. This is exemplified in the spectrum shown in
Fig. 4: the signal in the second and third bins can be
explained without over-shooting too much the first one.

We note that the experimental Xenon1T and DAMA
recoil spectra are very similar in shape. As a conse-
quence one can be tempted to fit both the anomalies
with the model introduced in this letter. Indeed, the
non-relativistic suppression of the DM-e pseudo-scalar
interaction alleviates the low-recoil constraints (e.g. the
Xenon S2-only analysis) that are strong for collisions
mediated by a scalar. However, we have checked that
the required cross section to fit DAMA is significantly
larger than the one needed for Xenon1T.

Finally, we stress that, if the excess will be confirmed
by future data, the explanation presented here can be in-
vestigated at colliders by searching for the ALP mediator
a coupled to electrons, since the allowed parameter region
is not far from the existing collider limits. Indeed planned

4
Considering the parameters of the benchmark point in Fig. 4 we

get h�vi ' 5 · 10�21
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3
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FIG. 4. Example spectrum that fits the excess in [12]. The
point in the parameter-space shown here is denoted by a di-
amond in Fig. 2.

experiments such as PADME [29], VEPP-3 [30, 31] and
DarkLight [32, 33] will probe the entire region of interest.
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XENON1T Excess

XENON1T is a Direct Detection experiment looking for DM scattering on Xe nuclei 
(heavy DM) or Xe electrons (light DM); recently saw excess in electron recoils ~3.5!

✴ Underestimated systematics? [excess close to 
experimental threshold (~1keV) looks suspicious 
since difficult to estimate sensitivity]

✴ Unaccounted SM backgrounds? [tiny pollution of 
3 Tritium atoms/kg can produce signal via β-decay]

✴ New light particles coupling to electrons? [if 
produced in the sun typical energy indeed ~keV]
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large annihilation cross-section of few GeV DM 
to axions: natural asymmetric DM scenario

pseudoscalar structure gives steeply falling 
recoil spectrum that can improve fit because 
excess is close to exp. threshold at few keV
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We show that electron recoils induced by non-relativistic Dark Matter interactions can fit well the
recently reported Xenon1T excess, if they are mediated by a light pseudo-scalar in the MeV range.
This is due to the favorable momentum-dependence of the resulting scattering rate, which partially
compensates the unfavorable kinematics that tends to strongly suppress keV electron recoils. We
study the phenomenology of the mediator and identify the allowed parameter space of the Xenon1T
excess which is compatible with all experimental limits. We also find that the anomalous magnetic
moments (g� 2)µ,e of muons and electrons can be simultaneously explained in this scenario, at the
price of a fine-tuning in the couplings of the order of a few percent.

INTRODUCTION

Recently, the Xenon1T collaboration has announced
the results of a search for Dark Matter (DM) using elec-
tronic recoils with a 0.65 ton/years of exposure. An un-
expected peak of electronic recoil events over the nom-
inal background has been reported [1]. The excess cor-
responds to 53 events in the 1�7 keV energy window,
mainly located in the energy bins close to the experi-
mental threshold.

Several possibilities for the origin of this signal have
been proposed. The Xenon1T collaboration itself an-
alyzed the signal in terms of solar axion absorption or
solar neutrinos scattering o↵ electrons with an enhanced
magnetic moment. While these interpretations have the
advantage of not su↵ering from a look-elsewhere e↵ect
(LEE), essentially because their scale is fixed by the Sun
temperature, they are strongly disfavored by astrophysi-
cal bounds [2, 3]. Another option is scattering due to a
fast component of DM [4], which however requires non-
trivial model-building (see e.g. Ref. [5]). Absorption of
bosonic keV-scale DM (see e.g. Ref. [6]) or, in general,
models where the keV scale is determined by kinematic
features (see e.g. Ref. [7]) su↵er of LEE and thus lower
their statistical preference with respect to the Standard
Model.

In this letter, we show that the excess can be ex-
plained by standard electron recoils of GeV or heavier
DM, as long as the DM-e interactions are mediated by a
pseudo-scalar particle. The main challenge in explaining
the excess by scattering [8] is to get a signal in the 2–4
keV bins and yet be compatible with bounds at lower re-
coil energies where a significant excess is not seen, even
taking into account the suppressed detector sensitivity.
While the scattering kinematics of non-relativistic DM
tends to strongly suppress keV recoils (which are possi-
ble only in the momentum-distribution tails of the xenon
atomic wave-functions), the interaction mediated by a
pseudo-scalar increases with the exchanged momentum,

partially compensating the unfavorable kinematics and
allowing for a good fit of the excess. It is worth stress-
ing that since the signal is due to the tail of the electron
atomic distribution, our explanation does not su↵er of
LEE. Indeed, our model simply predicts a signal contin-
uously decreasing with energy in the Xenon1T region,
so that the largest e↵ect is always close to the experi-
mental threshold, which is indeed the case of the excess.
Signals that peak away from the threshold would not be
explained by our model.

KEV ELECTRON RECOILS FROM

PSEUDOSCALAR MEDIATOR

We consider a simplified model with a pseudo-Nambu-
Goldstone boson a that couples derivatively to electrons
and photons, as well as to a Dirac fermion � that will
account for DM. The relevant interaction Lagrangian is
given by

L =
@µa

⇤
(c�a�̄�

µ�5�+ ceaē�
µ�5e)+

↵

2⇡
C��

a

⇤
FF̃ , (1)

where FF̃ ⌘ 1/2 ✏µ⌫⇢�Fµ⌫F⇢�. For later purposes, it
will be more convenient to work with the following La-
grangian

L = �ia (g��̄�5�+ geē�5e) +
↵

2⇡
eC��

a

⇤
FF̃ , (2)

which is equivalent to Eq. (1) if the e↵ective couplings
of a to fermions are gi ⌘ 2micia/⇤, i = e,�, and
eC�� ⌘ C��+cea. Upper bound on these couplings are ob-
tained from perturbative unitarity, by requiring that par-
tial waves of total angular momentum J = 0 are smaller
than 1/2, giving gi <

p
8⇡/3 [9].

The amplitude for � e� ! � e� scattering is

A = �̄�5�
g�ge

q2 +m2
a

ē�5e , (3)
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Connection to the QCD Axion

• Need axion with mass ~few MeV and decay constant ~GeV

perfectly fits QCD 
Axion relation!

1710.03764 by D. Alves & N. Weiner
• Such a heavy QCD axion is actually not experimentally excluded!
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ma = 6µeV
1012GeV

fa
= 6MeV

GeV

fa

a)

b)

small axion couplings = PQ charges of b,c

prompt decay to e’s & small axion-pion mixing 
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✓a⇡ ⇠ cumu � cdmd

mu +md
f⇡/fa ⇠ 0.1GeV/fa
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[and gives nice solution to PQ quality problem!]
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• UV-complete model with couplings only to first generation fermions

✴ DFSZ-like model: add doublet + singlet scalars charged under PQ

2102.10118 by C. Wagner et al.

o↵-diagonal scalar potential, VPQ, and diagonal scalar potential, Vdia, allowed by symmetries

are

VPQ =
�
Au�

⇤
u
H ·Hu + Ad�

⇤
d
H

†
Hd + Ae�

⇤
e
H

†
He + A��

⇤
u
�
2

d
+B��

⇤
d
�
n

e

�
+ h.c., (29)

Vdia =
X

�

�µ
2

�
�†�+ ��

�
�†�

�2
, (30)

where � = H,Hu, Hd, He,�u,�d,�e. We assume that all the coe�cients are real. In Eq. (29),

the first three terms generate the couplings of axion to first generation fermions through

mixing with Hu,d,e. The last two terms reflect the PQ charge assignments of the scalars �u,

�d and �e. Vdia provides all the diagonal terms which do not provide mixing, but provide

masses to CP-even scalars. We omit other operators found by other combinations of the

scalar fields allowed by the imposed symmetries. The above potential will be su�cient for a

complete description of the physical axion and the interactions relevant for our discussion.

We require that the potential has a minimum, which determines the values of the µ�’s.

After applying this condition, we solve the mixing between the seven pseudo-scalars, ~�I
⌘

(hI ,�h
I

u
, h

I

d
, h

I

e
,�

I

u
,�

I

d
,�

I

e
)T , of which five will be massive, where we have chosen �h

I

u
since

it is associated with the imaginary part of the neutral component of H̃u, carrying the same

hypercharge as Hd and He. The two massless pseudoscalars correspond to the Goldstone

bosons after breaking of SU(2)L ⇥ U(1)Y ( ~GSM eigenvector) and the global U(1)PQ ( ~GPQ

eigenvector) symmetries

~GSM =
1p

v2 + v2
u
+ v

2

d
+ v2

e

⇣
v, vu, vd, ve 0, 0, 0

⌘
, (31)

~GPQ ⇡
1qP

f
Q

2

f
(v2

f
+ v

2

�f
)
⇥

⇣
�

P
f (�1)

f
Qfv

2
f

v
, �Quvu, Qdvd, Qeve, Quv�u , Qdv�d

, Qev�e

⌘
, (32)

where f = u, d, e, Qf is the associated PQ charge, and we define (�1)f ⌘ �1 for f = u and

+1 for f = d, e. We have expressed ~GPQ at leading order in v � vf , v�f
.

Note that ~GPQ gives the mixing between the physical axion states among the seven

pseudo-scalars, e.g. ~�I
� ~GPQa. For example, if we further assume v�f

� vf , it is clear that

the axion is dominantly composed of �I

f
. In the doublet Higgs Hf , the axion is contained

with the suppressed factor vf/v�f
, while for the SM Higgs H, it is contained with a double

suppressed factor v2
f
/(vv�f

).

16

✴ Axion mass and all its couplings determined by small doublet + singlet vevs

✴ PQ invariance + orthogonality of axion on Goldstone 
eaten by Z fixes all PQ charges in terms of Higgs vevs 

Towards a complete model

✴ Can make scalar sector sufficiently heavy with large A-terms
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⌘ 246
, cu =

2

3
, cd =

1

3
, ce =

1

3n
, crest / ✏2

with the ones predicted in chiral perturbation theory. However, as emphasized in Ref. [16],

this is not a simple task, since these mixing parameters receive relevant contributions at next-

to-leading order. The only firm prediction is that these mixing parameters are naturally

between 10�3 and a few 10�2, and hence, they are consistent with most of the allowed

parameter space shown in Fig. 3. Between the yellow regions the contributions from ✓a⌘ud

and ✓a⌘s cancel in Eqs. (15) and (16) leading to a suppression of the axion signal in the

8Be⇤(18.15) and 4He⇤(21.01) transitions.

The light and dark blue bands in Fig. 3 also show the regions of parameter space consistent

with a ratio of PQ charges Qe/Qd = 1/3 and 1/2, respectively. We see that for opposite

signs of the mixing angles, as represented in the right panel of Fig. 3, a ratio Qe/Qd = 1/2

leads to a mixing angle ✓a⌘s that is much larger than its natural values.

V. UV MODEL

A. The generation of CKM matrix and the couplings to first generation fermions

In this section, we present a possible UV completion of the e↵ective model presented

in Eq. (1), where the axion couples exclusively to the first generation fermions in the SM.

Generating the e↵ective interactions to the up- and down-quarks is non-trivial as the PQ

breaking mechanism must be carefully intertwined with electroweak symmetry breaking in

a way that reproduces the correct flavor structure in the CKM matrix. To this end, we

consider an extension of the SM by three additional Higgs doublets and three singlets Higgs

fields. The PQ symmetry is realized by assigning charges to the additional Higgs bosons as

well as the right-handed SM fermions uR, dR, and eR. The particle content and their PQ

charges of the model is summarized in Table I.

The relevant Yukawa interactions allowed by the PQ symmetry of the Higgs doublets,

Hf , and those of the SM Higgs, H, are given by

L
Yuk

PQ
��

X

i=1,2,3

�
Q̄

i
Y

i1

u
Huu

1

R
+ Q̄

i
Y

i1

d
Hdd

1

R
+ L̄

i
Y

i1

e
Hee

1

R

�
+ h.c. (17)

L
Yuk

SM
��

X

i=1,2,3

X

j=2,3

⇣
Q̄

i
Y

ij

u
H̃u

j

R
+ Q̄

i
Y

ij

d
Hd

j

R
+ L̄

i
Y

ij

e
He

j

R

⌘
+ h.c., (18)

where LYuk

PQ
gives the couplings of Hu,d,e to the first generation fermions, while LYuk

SM
gives the

couplings of the second and third generation fermions to the SM Higgs. Below the scales of

13
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Experimental Prospects

Sweet spot will be covered by next-generation experiments
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FIG. 2: Projected reach of several planned dark photon experiments into the MeV axion parameter
space, based on [151]. Gray curves and gray shaded areas are from Fig. 1.

which is more peaked towards xa = 1 than the corresponding xA0 dependence of dark photon

emission.

Finally, we quote the total production cross-section integrated over angle and energy:

�(eN ! eNa) =
↵
2

3⇡m2
a

✓
Qe

fa
me

◆2

�

✓
log


1

(1� xa)c

�
�

11

6
+ O

✓
m

2

a

E
2

0

◆◆

⇡
↵
2
Q

2

e

6⇡

✓
me

m⇡ f⇡

◆2

�

✓
log


1

(1� xa)c

�
�

11

6
+ O

✓
m

2

a

E
2

0

◆◆
, (7.15)

where

(1� xa)c ⌘ max

✓
m

2

e

m2
a

,
m

2

a

E
2

0

◆
, (7.16)

and we have used (7.2) in the second equality. We see, therefore, that the total cross-

section for axion emission increases logarithmically with ma while ma .
p
me E0, whereas it

decreases logarithmically with ma in the regime
p
me E0 . ma ⌧ E0.

In Fig. 2, we translate the projected reach of several planned dark photon experiments into

the MeV axion parameter space, using the following rule of thumb relating the dark photon

kinetic mixing parameter ✏A0 and the axion-electron coupling that would yield comparable

34
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Summary

★ Can address (g-2)𝜇 with 7-17 MeV ALP that couples to all 
charged leptons [need 1% tuning to satisfy (g-2)e]

★ Beam dump constraints are avoided since axion promptly 
decays to electrons

★ Also accounts for XENON1T excess in electron recoils when 
axion coupled to DM fermion [that can be ADM]

★ ALP can be QCD axion when coupled also to first generation 
quarks such that pion-phobic [new contribs to g-2 are small]


