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High energy collider neutrinos have been observed for the first time by the FASERν experiment. The
detected spectrum of collider neutrinos scattering off nucleons can be used to probe neutrinophilic
mediators with GeV-scale masses. We find that constraints on the pseudoscalar (axial vector) neutrinophilic
mediator are close to the scalar (vector) case since they have similar cross section in the neutrino massless
limit. We perform an analysis on the measured muon spectra at FASERν, and find that the bounds on the
vector mediator from the current FASERν data are comparable to the existing bounds at mZ0 ≈ 0.2 GeV.
We also study the sensitivities to a neutrinophilic mediator at future Forward Physics Facilities including
FLArE and FASERν2 by using both the missing transverse momentum and the charge identification
information. We find that FLArE and FASERν2 can impose stronger bounds on both the scalar and vector
neutrinophilic mediators than the existing bounds. The constraints on the scalar mediator can reach 0.08
(0.1) for mϕ ≲ 1 GeV with (without) muon charge identification at FASERν2.

DOI: 10.1103/PhysRevD.110.115031

I. INTRODUCTION

Various neutrino oscillation experiments have demon-
strated that neutrinos possess nonvanishing masses that
cannot be explained in the Standard Model (SM) [1].
Thus, the discovery of neutrino oscillation provides a strong
motivation to search for newphysics (NP) beyond theSM. In
many extensions of the SM that are related to the generation
of light neutrino masses, there are often predictions of a new
boson that are coupled to neutrinos [2–10]. The presence of a
neutrinophilic boson that predominantly interacts with
neutrinos rather than other SM particles often evades strong
constraints in the laboratory due to the elusive nature of
neutrinos, and it can also lead to the neutrino self-inter-
actions (νSI), which are highly motivated by the neutrino
mass mechanism, dark matter, and Hubble tension; for a
recent review see Ref. [11]. Since the neutrinophilic medi-
ators can be produced via the bremsstrahlung off a neutrino
beam during neutrino interactions in the detector, a

promising way to probe them in the laboratory is through
the precision measurement of the missing transverse
momentumwith respect to the neutrino beam direction [12].
The Forward Search Experiment (FASER) is designed to

study the properties of new light and weakly coupled
particles and high energy collider neutrinos [13,14], and
the main spectrometer of FASER is located about 480 m
from the ATLAS interaction point at the Large Hadron
Collider (LHC). A dedicated FASERν [15,16] experiment
that consists of a emulsion/tungsten detector is also located
in front of the FASER spectrometer. FASERν can be used to
study the high-energy neutrinos produced in the forward
region of the proton-proton collision at the LHC. Recently,
the FASERν experiment has made the first observation of
collider neutrinos using the active electronic components of
the FASER spectrometer [17]. The high-energy electron and
muon neutrino cross sections have also been measured by
the FASERν emulsion/tungsten detector [18]. In the future,
FASER and FASERν will be upgraded to FASER2 and
FASERν2, respectively. Together with other proposals such
as the forward liquid argon experiment (FLArE) [19], they
will consist of the Forward Physics Facility (FPF) in the high
luminosity LHC (HL-LHC) era [20].
The measurement of the charged-current (CC) neutrino

interactions in the unexplored TeV energy range at
FASERν provides a unique platform to probe the neutrino
beamstrahlung signal along with the SM CC neutrino
interaction [12]. Neutrino beamstrahlung is a process in
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which the neutrino radiates a dark mediator while getting
detected in a charged-current (CC) interaction. Compared
to the SM CC interaction, the radiation of a dark mediator
will lead to a missing transverse momentum with respect to
the neutrino beam direction. Reference [21] has studied the
sensitivities to a neutrinophilic scalar at a FLArE-like
detector by exploring the missing transverse momentum.
In addition, the radiation of a scalar will produce a wrong
sign charged lepton which will be a clean signal if the
detector has the charge identification information [12,22].
The electronic components of the FASER/FASER2 detec-
tor also has the ability to reconstruct the charge of final
leptons [17,23], which can be used to improve the
sensitivities to the neutrinophilic scalar. In this work, we
study the sensitivities of the neutrinophilic mediators at
FPF by using both the missing transverse momentum and
the charge identification. We first perform a systematical
study of the cross section of neutrinos scattering on
nucleons with radiation of a dark mediator that is coupled
to neutrinos predominantly. Then we consider the con-
straints on the parameter space of the new scalar or vector
mediator by using the current FASERν data and from
simulation of future FLArE and FASERν2 experiments. A
distinctive reach in the regime of GeV-scale mass for the
neutrinophilic mediators is expected from the measurement
of the high energy collider neutrinos.
This paper is organized as follows. In Sec. II we discuss

the cross section of the neutrino scattering process in the
presence of a neutrinophilic mediator. Then, we analyze the
FASERν data in Sec. III. In Sec. IV, we investigate
the sensitivities of searching for a scalar or vector neu-
trinophilic mediator at future FLArE and FASERν2 experi-
ments. Finally, we draw our main conclusions in Sec. V.

II. CROSS SECTIONS WITH A NEUTRINOPHILIC
MEDIATOR

As a benchmark model, we consider a massive scalar ϕ
that only couples to the SM neutrinos. The effective
Lagrangian is given by

L ⊃
1

2
λαβν

c
ανβϕþ H:c:; ð1Þ

where α; β ¼ e, μ, τ denotes flavor indices. The scalar ϕ can
arise from ultraviolet complete models that contain a lepton-
number-charged scalar (LeNCS) [12] or the Majoron [8,9].
As shown in Fig. 1, the presence of a neutrinophilic scalar
will lead to an initial state radiation of ϕ when neutrinos
scatter off in the detector via the SM CC process. The
radiation ofϕwill not only produce awrong sign for the final
leptons but also modify the energy spectrum due to the
missing energies in the event reconstruction.
To calculate the cross section of the 2-to-3 process

νu → ϕdμþ, we factorize the full process into a neutrino
splitting process νðpÞ → νðkÞϕðqÞ and a neutrino

scattering process ν̄u → dμþ. In the limit pT;mϕ ≪ Eν,
the four-momentum can be written as

p ¼ fEν; 0; 0; Eνg; ð2Þ

k ¼
�
ð1 − zÞEν þ

p2
T

2ð1 − zÞEν
;−pT; 0; ð1 − zÞEν

�
; ð3Þ

q ¼
�
zEν þ

p2
T þm2

ϕ

2zEν
; pT; 0; zEν

�
; ð4Þ

and the cross section can be evaluated with

σνu→ϕdμþ ≃
Z

dzdp2
T

1

16π2z
jMν→ν̄ϕj2

�
1

ðp − qÞ2
�
2

× ð1 − zÞσν̄u→dμþðŝÞ; ð5Þ

where z is the ratio of momentum in z-direction between
ϕ and the initial neutrino. pT is the transverse momentum
of ϕ, and ðp − qÞ2 ¼ −½p2

T þ ð1 − zÞm2
ϕ�=z is the momen-

tum transferred of virtual (anti)neutrino. The center-of-
mass energy in the hard process ŝ ¼ ð1 − zÞs up to the
corrections in the order of p2

T=E
2
ν. In the approximation

pT;mϕ ≪ Eν, the squared amplitudes are

jMν→ν̄ϕj2 ¼ λ2
p2
T

1 − z
: ð6Þ

For the charged-current process, σνū→d̄μ− ¼ σν̄u→dμþ ¼
σνd→uμ−=3 ¼ σν̄ d̄→ūμþ=3 ¼ G2

Fŝ=ð3πÞ. The differential
cross section can be written as

dσνμu→ϕdμþ

dzdp2
T

¼ G2
Fs
3π

λ2
zð1 − zÞ
16π2

p2
T

½p2
T þm2

ϕð1 − zÞ�2 : ð7Þ

After integrating over z from 0 to 1, the differential cross
section of the 2-to-3 process to the transverse momentum
pT becomes1

FIG. 1. Feynman diagram for the neutrinophilic scalar radiation
via neutrino bremsstrahlung.

1Note that our result differs by a factor of 9 compared to Eq. (6)
in Ref. [21].
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dσνu→ϕdμþ

dpT
≃
G2

Fs
3π

λ2p3
T

8π2m4
ϕ

��
1þ 2p2

T

m2
ϕ

�
log

�
1þm2

ϕ

p2
T

�
− 2

�
:

ð8Þ

To check the analytic results, we also compare the total
cross sections at the hadron level with those obtained from
the MadGraph simulation. The total cross section of
neutrino bremsstrahlung at the hadron level is given by

σνN→ϕμþX ¼ σνu→ϕdμþhxuNi þ σνd̄→ϕūμþhxd̄Ni; ð9Þ

where hxqNi≡
R
1
0 xqNðxÞdx and hxq̄Ni≡

R
1
0 xq̄NðxÞdx

denote the fraction of nucleon momentum carried by quark
u and antiquark d̄. Here we used the CT10 PDFs [24] and
the Mathematica package ManeParse [25] to calculate the
cross sections. In Fig. 2, we compare our analytical results
using the neutrino splitting function (dashed lines) with the
ones using MadGraph5_aMC@NLO [26] and FeynRules [27]
(solid lines), fixing the neutrino energy at 1 TeV and
showing the νp (red lines) and νn (blue lines) scattering
cross section as a function of scalar mass mϕ. From Fig. 2,
we see that the cross sections match well in the low-mass
region.
We also consider a benchmark model with a vector

boson Z0 that couples to SM neutrinos dominantly, and the
effective Lagrangian is given by

L ⊃ gαβν̄αγμνβZ0
μ; ð10Þ

where the neutrinophilic boson Z0 can arise from a model
that contains a new heavy fermion charged under an extra
U(1) gauge symmetry and mixed with active neutrinos
[28,29]. Since vector interactions conserve the helicity of
neutrinos, neutrinos and antineutrinos are not flipped. The
calculation of the cross section of the vector boson radiation

is the same as Eq. (5) except for replacing the squared
amplitudes by

jMν→νZ0 j2¼ g02
�
p2
T

z2

�
1− zþ 1

1−z

�
þðp2

T −m2
Z0 ð1−zÞÞ2

2m2
Z0 ð1− zÞz2

�
:

ð11Þ
Therefore, the differential cross section for the vector boson
radiation is

dσνμd→Z0uμ−

dzdp2
T

¼ G2
Fs
π

g02
ð1− zÞ
32π2z

×
p4
T=m

2
Z0 þm2

Z0 ð1− zÞ2 þ 2p2
Tð1− zþ z2Þ

½p2
T þm2

Z0 ð1− zÞ�2 :

ð12Þ
Note that for the Z0 case, there is an infrared divergence

and the approximation of squared amplitude cannot be held
for z → 0.
In addition, the cross section of the pseudoscalar (axial

vector) case is similar to the scalar (vector) case. This is
because in the massless limit of SM neutrinos, we have
ūνΓuν þ ūνΓγ5uν ¼ ūνΓð1þ γ5Þuν ¼ 0, which does not
depend on the Lorentz structure of Γ [30].

III. ANALYSIS OF THE FASERν DATA

FASER Collaboration has reported the first direct obser-
vation of collider neutrinos by using the active electronic
components of the FASER detector in 2023 [17]. Their
dataset contains both the energy distribution and charge
identification of the outgoing muons. In this section, we
perform an analysis on the FASERν 2023 data to put
constraints on the neutrinophilic scalar and vector medi-
ators. Constraints on a pseudoscalar (axial vector) mediator
are close to those on the scalar (vector) mediator due to
similar cross sections in the neutrino massless limit. Also,
since muon neutrino is the dominant component in the
forward neutrino fluxes at FASER [31], we only consider
the muon flavors for simplicity hereinafter.
In our analysis, we use MadGraph to generate the

neutrino-nucleon interaction cross sections σνpðEνÞ,
σνnðEνÞ, σν̄pðEνÞ and σν̄nðEνÞ for 10 < Eν=GeV < 104.
The 4-momenta of the final state leptons and quarks for the
SM and the NP cases are also simulated by MadGraph.
After neglecting the nuclear effect for high energy neu-
trinos in the deep inelastic scattering (DIS) region, the
neutrino-nucleus interaction cross section σνA can be
written as

σνAðEνÞ ¼ ZσνpðEνÞ þ ðA − ZÞσνnðEνÞ; ð13Þ

for target nucleus with mass number A and atomic number
Z. Due to the absorption effect during the neutrino

FIG. 2. The cross section of ϕ radiation σνN→ϕμþX as a function
of mϕ in the νp (red) and νn (blue) scattering obtained from the
neutrino splitting approximation (dashed) and simulations from
MadGraph (solid). Here, we assume Eν ¼ 1 TeV.
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propagation in the detector, the neutrino flux decreases with
the traversed depth X, and we can get

ϕνðEν; XÞ ¼ ϕνðEν; 0Þe−X=λν ; ð14Þ

where X ≡ ρdl with ρd the mass density of the detector and
l the neutrino travel distance in the detector. The interaction
length λν here is defined as λν ¼ mA=σνAðEνÞ with mA
being the mass of the target nucleus involved. ϕνðEν; 0Þ is
the neutrino flux in front of the detector. Given the
neutrino-nucleus interaction cross section and the neutrino
flux, the number of events per unit neutrino energy per unit
muon energy can be calculated by

dN
dEνdEμ

¼ 1

mA

Z
dS0dX0dt0

dσνA
dEμ

ϕνðEν; 0Þe−X0=λν : ð15Þ

Here the cross sectional area S, the depth X of the detector
and the data taking period t is integrated over. The differ-
ential cross section of neutrino-nucleus interaction
dσνA=dEμ is obtained from the MadGraph simulation.

The neutrino spectra at FASERν have been simulated in
Ref. [31]. However, in Ref. [31], the neutrino spectra were
computed for a detector with a mass of 1.2 tonnes and the
cross sectional area of 25 cm × 25 cm for LHC Run 3 with
the pp collision center of mass energy

ffiffiffi
s

p ¼ 13 TeV and
the integrated luminosity Lint ¼ 150 fb−1. Note that the
FASERν 2023 data were collected at

ffiffiffi
s

p ¼ 13.6 TeV and
Lint ¼ 35.4 fb−1with a detector that has awidthof 25 cmand
a height of 30 cm, and the total mass of the detector is about
1.1 metric tons [17]. Since these settings are different from
those assumed in the simulation of Ref. [31], in order to
calculate the number of events for the FASERν 2023 data,we
assume that the number of neutrinos passing through the
cross sectional area of a certain detector dN =dEν ≈
ϕνðEν; 0ÞSt and the integrated luminosity in pp collision
Lint ≈ Lt, where L is the corresponding luminosity during
the data taking period t. Thus, the neutrino energy spectra for
the FASERν 2023 data can be written as

�
dN
dEν

�
0

≈
�
dN
dEν

�
S0
S
Lint0

Lint
; ð16Þ

where S0 andLint0 are the cross sectional area of the detector
and the pp collision integrated luminosity for the FASERν
2023 data, respectively. Here dN =dEν, S and Lint are the
corresponding quantities used in the FASERν simulation of
Ref. [31]. Similarly, muon spectra for the proposed experi-
ments FASERν2 and FLArE at the HL-LHC era with

ffiffiffi
s

p ¼
14 TeV and Lint ¼ 3000 fb−1 can be also computed using
the detector configuration listed in Table I.
After taking into account these approximations, the

number of events per unit neutrino energy per unit muon
energy for the FASERν 2023 data can be written as

dN
dEνdEμ

≈
1

mA

�
dN
dEν

�
0

�
1

S0

Z
dS0dX0 dσνA

dEμ
e−X

0=λν

�
: ð17Þ

Since only muons produced in CC interactions that traverse
the entire length of the FASER detector were collected, we
apply the following event selection criteria in our simu-
lation of the data:

(i) The polar angle θ of the reconstructed track is
required to satisfy θ < 25 mrad;

(ii) The reconstructed track’s extrapolation to the
FASERν scintillator must be at a distance of rvetoν <
120 mm from the FASERν scintillator center;

TABLE I. Configuration of neutrino detectors considered in
this paper at LHC run 3 and the HL-LHC era.

Detector Mass [tonne] S [cm2] Lint [fb−1]

FASERν [31] 1.2 25 × 25 150
FASERν 2023 [17] 1.1 25 × 30 35.4
FLArE [20] 10 100 × 100 3000
FASERν2 [20] 20 40 × 40 3000

FIG. 3. The measured and predicted number of events as a
function of the muon energy Eμ (top panel) and q=Eμ (bottom
panel) for the SM and NP cases. The SM case is shown as the
blue dashed line, and the green dashed (magenta dotted) line
corresponds to the NP case with mϕ ¼ 0.1 GeV, λμμ ¼ 9.5
(mZ0 ¼ 0.1 GeV, gμμ ¼ 0.1). The data points are taken from
the FASERν measurements [17].
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(iii) The reconstructed track’s extrapolation to the inter-
face tracking station must lie within 95 mm of the
detector’s central axis;

(iv) The reconstructed track traverses the three tracking
spectrometer stations with each having an effective
diameter of 200 mm.

These cuts are applied in our simulation of the number of
events when performing the integration over the cross
sectional area S and the traversed depth X of Eq. (17). The
measured and predicted number of events as a function of
the muon energy Eμ for the SM case are shown in the top
panel of Fig. 3. Also, the muon neutrino events in the
FASERν 2023 dataset were measured by the active
electronic components of the FASER detector, which
have the ability to reconstruct the muon charge [17,23].
A similar plot with the muon charge identification, i.e., the
number of events as a function of q=Eμ (where q is the
charge of the muon), is shown in the bottom panel of
Fig. 3. In Fig. 3, we also show the muon spectra of a
neutrinophilic scalar and vector mediator for illustration.
We take mϕ ¼ 0.1 GeV, λμμ ¼ 9.5 for the scalar case and
mZ0 ¼ 0.1 GeV, gμμ ¼ 0.1 for the vector case in the plots to
show how the inclusion of the NP can affect the distribu-
tions of Eμ and q=Eμ. It can be seen that NP with the vector
mediator changes the number of events distributions more
significantly than that with the scalar mediator.
We use the dataset of the number of events as a function

of q=Eμ in our analysis since it contains additional
information with the charge identification. To evaluate
the statistical significance of the NP with the neutrinophilic
mediators, we define

χ2 ¼
X
i

2

�
αNth

i − Nexp
i þ Nexp

i ln
Nexp

i

αNth
i

�
þ ð1 − αÞ2

σ2α
;

ð18Þ
where σα ¼ 10% is the percent uncertainty in the neutrino
flux normalization [31], Nexp

i is the number of events in the
ith bin of the FASERν 2023 with charge identification, and
Nth

i is the theoretical prediction for the number of events in
the ith bin. The best fit of the SM predictions yields
χ2min=d:o:f: ¼ 80.5=40 with α ¼ 1.07. We find that the
90% C.L. upper bounds for the scalar mediator (e.g.,
λμμ ¼ 13.1@mϕ ¼ 1 GeV) are much weaker than the
existing bounds from the kaon and the Z boson invisible
decays [21,32]. The bounds on the vector mediator Z0 is
much more stringent. From the bottom panel of Fig. 5, we
can see that bounds on the vector mediator are comparable
to the existing bounds [29,33,34] at mZ0 ≈ 0.2 GeV.

IV. SENSITIVITIES AT THE FLAREAND FASERν2
EXPERIMENTS

Since the constraints on the parameter space of the
neutrinophilic mediators are not strong from the FASERν
2023 data, we turn to the next stage of the FPF program and
study the sensitivities to neutrinophilic mediators at FLArE

and FASERν2. The experiments FASER2 and FASERν2
are the upgraded versions of FASER and FASERν,
respectively. The ideal location of the FASERν2 detector
is still in the front of the FASER2 spectrometer along the
beam collision axis. The total volume of the tungsten target
of the FASERν2 detector is 40 cm × 40 cm × 6.6 m with
the mass of 20 tonnes [20]. The experiment FLArE is also
able to measure millions of neutrino interactions and
identify the neutrino types. A detector with a fiducial mass
of approximately 10 tonnes and a cross sectional area of
100 cm × 100 cm is envisioned for FLArE [20].
Since the neutrinophilic mediator will decay dominantly

into neutrinos, it appears invisible after production in
neutrino beamstrahlung. The resulting missing transverse
momentum =pT can be reconstructed from the transverse
momenta of the final state muon and quark, i.e.,
=pT ¼ jp⃗Tμ þ p⃗Tqj. Since the double distributions of the
number of events contain more information than a single
distribution and generally perform better in a sensitivity
analysis, we choose the transverse momentum of the final
state muon pTμ as the second kinematic observable in
addition to =pT . We also take into account of the effects of a
finite energy resolution for the detectors, which is approxi-
mated by smearing on the muon and quark energies. We
assume that the muon energy resolution and the hadronic
energy resolution is 5% and 15% [21], respectively.
After the integration of Eq. (15) over the cross sec-

tional area, the depth of the detector and the data taking
period, the number of events with respect to the missing
transverse momentum and muon transverse momentum
can be written as

dN
dEνd=pTdpTμ

¼ Xd

mA

dN
dEν

d2σνA
d=pTdpTμ

; ð19Þ

FIG. 4. Total number of events as a function of the mass of the
neutrinophilic mediators at FASERν2. The green and magenta
lines corresponds to the ϕ and Z0 cases with λμμ ¼ 1 and
gμμ ¼ 0.1, respectively. The SM results are shown by brown
curves.
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where Xd is the overall traversed depth of the detector
defined below Eq. (14). Note that for the future experi-
ments, we do not apply the cuts that are dependent on
the positions of neutrinos in the detector in selecting events

as we do in analyzing the experimental data in Sec. III.
The neutrino-nucleus double differential cross section
dσνA=d=pTdpTμ is also obtained from the simulation of
MadGraph. In Fig. 4, we show the total number of events
as a function of the mediator mass at FASERν2 for
the scalar and vector case with λμμ ¼ 1 and gμμ ¼ 0.1,
respectively.
To improve the sensitivity to the neutrinophilic media-

tors at the future FPF experiments, we perform a χ2 analysis

χ2 ¼ N2
S

NB þ ðσBNBÞ2
; ð20Þ

where NS (NB) is the total number of events of the signal
(SM CC background), σB ¼ 10% is percent uncertainty in
the SM background [31]. To find regions where the NP
signal is more prominent in the ð=pT; pTμÞ plane, we also
calculate the ratio of NS=ðNS þ NBÞ as in Ref. [21], and
perform the cuts by requiring pTμ ≲ 4=pT=3 (pTμ ≲ 1.9=pT)
in the ð=pT; pTμÞ plane for the scalar (vector) mediator case.
Our results are presented in the top and bottom panels of

Fig. 5 for the scalar and vector neutrinophilic mediators,
respectively. The parameter space that are ruled out by the
charged kaon and the Z-boson invisible decays are shown
as the gray shaded regions in the left and right panels for
the scalar [21,32] and vector neutrinophilic mediators
[29,33,34], respectively. The constraints at FLArE
(FASERν2) are shown as the red (green) curves. From
the top panel of Fig. 5, we see that both FLArE and
FASERν2 can impose stronger bounds on the scalar
neutrinophilic mediator than the existing bounds. The
constraints at FASERν2 are stronger than those at
FLArE. In particular, since the radiation of a scalar will
produce a wrong sign charged lepton, we also take into
account the charge identification information in the analy-
sis for the scalar mediator. From the top panel of Fig. 5, we
see that the constraints on the scalar mediator can be
improved if the charge identification information is pro-
vided. The bounds can reach 0.08 (0.1) for mϕ ≲ 1 GeV
with (without) charge identification at FASERν2. For the
vector case, from the bottom panel of Fig. 5, we see that
FASERν2 also yields a stronger bound than FLArE, and
the bounds at FLArE (FASERν2) can be more stringent
than the existing ones for mZ0 below 0.7 (1.8) GeV.

V. SUMMARY

The FASERν experiment hasmade the first observation of
collider neutrinos using the active electronic components
of the FASER detector in 2023. The measured spectrum of
high-energy neutrinos scattering off detector nucleons are
sensitive to neutrinophilic mediators with GeV-scale masses.
We study the sensitivities of current and future forward
neutrino experiments to the neutrinophilic mediator. We find
that constraints on a pseudoscalar (axial vector) mediator are

FIG. 5. Sensitivities to a scalar (top panel) or vector (bottom
panel) neutrinophilic mediator. The magenta solid curve shows
the constraints from the FASERν 2023 data. The red and green
curves correspond to the bounds at FLArE and FASERν2,
respectively. The green solid (dot-dashed) curve in the top panel
corresponds to the bound at FASERν2 with (without) the charge
identification information. The gray shaded regions represent the
regions that are ruled out by the charged kaon and the Z-boson
invisible decays for the scalar [21,32] and vector neutrinophilic
mediators [29,33,34]. The DUNE [35] and HL-LHC [36]
projections are overlaid.
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close to those on the scalar (vector) mediator since they have
similar cross sections in themassless neutrino limit.We have
performed an analysis of the current FASERν 2023 data, and
find that the bounds on the scalar neutrinophilic mediator
from the current FASERν data are much weaker than the
existing bounds, and the bounds on the vector neutrinophilic
mediator from the current data are comparable to the existing
bounds at mZ0 ≈ 0.2 GeV. We also study the sensitivities of
future FPF experiment including FLArE and FASERν2 to a
neutrinophilic scalar or vector mediator by using both the
missing transverse momentum and the charge identification
information. We find that FLArE and FASERν2 can impose
stronger bounds on both the scalar and vector neutrinophilic
mediators than the existing bounds. The constraints on the
scalar mediator can reach 0.08 (0.1) for mϕ ≲ 1 GeV with
(without) muon charge identification at FASERν2.
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