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Plan:
- Dark axion portal scenarios

- ALP and EDMs

- Minimal scenarios

- Non-minimal scenarios

Axion portal and dark axion portal:
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The effective phenomenological Lagrangian
for vector portal is: W@W
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where € is the kinetic mixing parameter between the two U(1) gauge symmetries, F' py and
F //L , are the strength tensors of SM electromagnetic and DM dark gauge (dark photon)

fields, respectively.

By shift SM photon field we can remove kinetic mixing term
A, — A, — €A,

then, rescale the dark photon field
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The effective phenomenological Lagrangian
for vector portal is:

<
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the minimal dark ALP portal scenario

For dark axion portal we have:

g aypYp wy g ayyp e
’ uv uv
5 afF,, F" + 5 afF, F

Z dark axion portal ~

+ dark fermions:

Z 2 Z gark axion portal T X ("0, = gpr" A, + m,)y.
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The effective phenomenological Lagrangian
for vector portal is:

o €

— ‘uv
vector portal = 5 Lt

the wminimal dark ALP portal

scenario
For dark axion portal we have:

g aypYp wy g ayyp e
’ uv uv
5 afF,, F" + 5 afF, F

Z dark axion portal ~

+ dark fermions:

Z 2 Z gark axion portal T X ("0, = gpr" A, + m,)y.

And
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boundary from EDM
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ALP Lagrangian of
interaction with matter:

Lap D ) Walgs +ighyshy

Bounds on |g"n_s g"n_p| from neutron
EDM for light mass of ALPs are
proportional to
violation of vacuum in the quantum
chromodynam1cs (QCD) which typical
value is ~ 10~

0, parameter of $CP$-
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The dark photon can decay through the
different channels in the dark ALP portal

scenario.
3
2 2
_ ga?’}’D 3 m,
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YD
and

We focus on the process of invisible

channel. In our analysis throughout

the paper we keep the
ALP mass m_a well below 11~

DUBNA - QFTHEPC

We estimate the number of missing energy
events for the lepton beam at fixed target as

follows

N
Ny = WOT- 204 J dx
A

xmax

do(E))

X

br(yp = 120

xmin
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the wminimal dark ALP portal scenario
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the mmlmal dark Al.l7 por’ral scenario
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do/de (GeV2)

the hadrophilic dark ALP portal scenario
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FIG. 12. The differential cross—section by angle of dark pho-
ton production at fixed target of NA64e in hadrophilic-ALP
portal for various dark photon masses m.,,, and for small val-
ues of angle 6 between dark photon and photons from beam.

We set parameters as m, = 10 keV, g° = g =1, garyyp =1
GeV~L, E. =100 GeV.
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Bounds on combination of couplings ALPs with gauge fields ga~, and ALP couplings with nucleons ¢° = ¢g¥ = gn

for hadrophilic channel from current and proposal statistics of the experiments NA64e, NA64u, LDMX and M®. We set here
Br(vp — xx) ~ 1 and m,=10 keV.
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the leptophilic dark ALP portal scenario
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FIG. 13. The differential cross—section of dark photon pro-
duction at NA64e as a function of fraction energy z = F.,, / E}

for the ALP-leptophilic scenario and for various masses m., . Atomic eleCtriC form factOI‘S:
We set ma = 10keV, g¥ = 1, gayyp = 1GeV™! and
E. =100GeV.
Elastic:
2
2
3 2 2
do, . . L [xU—myD(l —x)] 6, — (< L
Txdeost, "~ 3om 1 Pul8) Sarn, 2 SN e
z [xU — (1= x)(m2, - mg)] d
o , , Inelastic: :
Us-u~E6 x+m, (1 —x)/x+mx L\ 1+2—t2_
o [ dmi(uz — 1) S
2in = 1+a?t t 4
(5776e7)
tmax l‘_ t . ) 071G€V2
(1) = J tz””’” (G5'(t) + Gi(n)) dit

tmin

ALEXEY ZHEVLAKOV (BLTP JINR) 20/07/22
DUBNA - QFTHEPC 12



do/dx (GeV2)
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the leptophilic dark ALP portal scenario
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Bounds for the combination of ALP couplings with leptons g7 and with gauge fields gay~, for the leptophilic
scenario from current and proposal statistics of the NA64e, NA64y, LDMX and M? experiments. We set here m,=10 keV and

Br(yp — xx) ~ 1.
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Outlook:

1. Dark axion portal is a one of p@ssible mechanisms of dark
photon production in case where mixing parameter is very
suppressed

3. We considered dark axion portal and obtain bounds to
invisible mode in different scenarios.

3. Visible mode of dark axion portal is next step.
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