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We present a new calculation of axionlike particle (ALP) production in the semiexclusive photon-
initiated (PI) channel, that is either with intact outgoing protons or rapidity gaps present in the final state,
and with no color flow between the colliding LHC protons. This is the first full treatment of this process,
accounting for both the possibility of proton dissociation and the survival factor probability of no additional
proton-proton interactions, including its kinematic and process dependence. We present the expected event
yields in the case that either one or both protons are required to be registered in the forward proton detectors
installed in association with ATLAS and CMS. We find that this process can be sensitive to currently
unprobed regions of ALP mass and ALP-photon coupling, in particular in the intermediate mass region.
Our calculation is provided in the publicly available SuperChic 4 Monte Carlo (MC) generator, and can be
passed to a general purpose MC for showering and hadronization of the final state.
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I. INTRODUCTION

The existence of new axionlike particles (ALPs) is
widespread in extensions of the Standard Model (SM)
[1]. While the name derives from the well-known QCD
axion [2–5] these light, gauge-singlet pseudoscalar par-
ticles occur in a broad spectrum of beyond the Standard
Model (BSM) theories. They occur generically in theories
with a spontaneously broken global symmetries as well as
in the low-energy effective theory of string compactifica-
tions [6,7]. As such, these particles have been the focus of
broad ranging and dedicated theoretical and experimental
investigations which cover a wide range of ALP mass
ranges, from the sub-MeV to the TeV range, see e.g.,
[8–15] for an overview.
These ALPs are often naturally coupled to the electro-

weak (EW) sector of the SM, with in particular the two-
photon production and decay mechanism playing an
important role. With this in mind, it was shown in [16]
that the γγ final state in ultraperipheral heavy-ion collisions
at the LHC can be used as an effective search channel for
such ALPs in the GeV region. Indeed, subsequently to this,
in [17] the ATLAS evidence for light-by-light scattering

[18] in ultraperipheral PbPb collisions, was recast to place
limits on the existence of such ALPs in the 10–100 GeV
mass region (see Ref. [19] for the first observation). More
recently, further bounds have been placed by both the
ATLAS [20] and CMS [21] Collaborations, in the same
channel. Indeed, more broadly ultraperipheral heavy-ion
collisions represent a particularly promising avenue to
probe BSM physics with EW couplings, with recent studies
of the τ lepton anomalous magnetic moment being a
particularly topical example [22–24], see also [25] for a
general review.
On the other hand, as discussed in [25], heavy-ion

collisions have the disadvantage that the initial-state photon
flux, though enhanced by ∼Z2, falls significantly with the
invariant mass of the produced object. For this reason it has
limited reach to the region of higher masses, beyond the
∼50 GeV region, with the precise value depending on the
couplings assumed and experimental conditions. Above
these masses, LHC constraints exist from γγ production in
both fully inclusive and Vector Boson Fusion (VBF) topol-
ogies, see Refs. [15,26,27] for more recent studies. In this
region, a promising and complementary alternative is to
instead consider exclusive production in pp collisions, as
first discussed in [28], where it was shown that this channel
could place competitive constraints on ALPs with masses up
to the TeV scale (see also [29] for a recent Monte Carlo
implementation of exclusive photon-initiated production,
including ALPs). In this process, the ALPs are produced
in the photon-initiated (PI) channel, with the protons remain-
ing intact following the collision. These can then be
measured by the dedicated AFP [30,31] and CT–PPS [32]
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forward-proton detectors (FPDs), which have been installed
in association with both ATLAS and CMS, respectively.
Indeed, searches for exclusive diphoton production in pp
collisions have been reported by CT-PPS in [33,34], with the
corresponding limits on ALPs reported in [34].
While the study of [28] considered the case that both

protons remain intact and are tagged by the FPDs, we can in
principle loosen this requirement while still maintaining the
potential for probing ALPs at the LHC. Indeed, the PI
channel can in general be probed experimentally by simply
requiring that the relevant object of interest be produced in
the presence of rapidity gaps, either alone or in the presence
of a single proton tag in the FPD. More commonly, during
regular LHC running there will be nonzero pileup, and
hence one requires that no additional tracks associated with
the primary vertex be present; in this paper we will consider
event yields corresponding to this scenario. This approach
has been taken for the case of both lepton and more recently
W boson-pair production at the LHC [35–41]. The effi-
ciency of this track veto depends on the width of the
window around primary vertex, track p⊥, and amount of
pileup but was shown in the cited works to be decent for the
pileup levels accessible in Run 1 and 2. Of particular note
here is the first measurement of semiexclusive lepton pair
production with a single proton tag [41,42].
The key element in the above cases is that by requiring

the presence of a single proton tag and/or rapidity gaps in
the central detector one can effectively select for the
topology of no color flow between the colliding proton
beams. This is naturally the case in PI production, due to
the color-singlet nature of the photon, and hence the PI
signal is enhanced. On the other hand, without tagging both
protons we will have that semiexclusive production con-
tributes automatically to the signal; that is where one of the
protons emit a photon inelastically.
In this paper we present a theoretical treatment of both

exclusive and semiexclusive ALP production in the PI
channel, relevant for future LHC searches. This is based on
the approach outlined in [43–46], namely the structure
function (SF) approach discussed in [43,44] is used to
model the underlying PI process, which is then combined
with a fully differential modeling of the survival factor
probability of no additional particle production due to
multiparton interactions (MPI). This has been implemented
in the SuperChic 4 Monte Carlo (MC) generator [47] in a form
that could then subsequently be passed to a general purpose
MC such as PYTHIA [48] for showering and hadronization
of the proton dissociation products.
Using this framework, we can then provide accurate

predictions for the expected yields from purely elastic (EL)
production, as well as single dissociation (SD) and double
dissociation (DD), where one or both protons break up,
respectively. A key question, discussed recently in [46], is
to what extent the relative contributions from these com-
ponents are universal or else process dependent. In contrast

to the case of WþW− production considered in this work,
we find that for ALP production, in the models without
phenomenologically relevant ALP-quark couplings, the
relative fractions lie very close to the case of lepton pair
production. Thus the case of lepton pair production can to
good approximation be used as a proxy to predict the
contribution from dissociation production with respect to
the purely elastic case, in the PI channel. Nonetheless, this
matching is not exact and the MC implementation pre-
sented is the more precise one.
We therefore consider the expected event yields for

single- and double-tagged ALP production, relevant to both
the AFP [30,31] and CT-PPS [32] FPDs. We consider a
range of integrated luminosities, from 10–300 fb−1, that is,
spanning the region from the current level of accumulated
data with tagged protons, to the final expected yield from
the LHC Run 3. We find that the expected Run 3 yields in
the higher mass, ma > 150 GeV, region are at the border-
line of the excluded region of parameter space that one gets
from suitably interpreting the ATLAS resonance searches
[49,50] in the inclusive γγ channel, as is first evaluated in
[26]. We find that is particularly true in the double-tagged
case, where the expected yield in this region of parameter
space amounts to a handful of events. However, it is worth
emphasizing, as shown in [28] for the double-tag case, that
the expected backgrounds are very low, significantly so in
contrast to the inclusive channel; the latter point is
emphasised in e.g., [15]. We, in addition, consider the
impact of requiring a veto on additional tracks. While this is
only possible in the case when the final-state photons
convert into leptons, we can expect a reasonable fraction of
signal events to satisfy this, and in this case such a veto may
help to reduce backgrounds. However, it is worth empha-
sizing that such a cut is not expected to be essential once a
proton is required; the dominant combinatorial background
from pileup events in association with inclusive diphoton
production can be controlled by data-driven means, for
example using event mixing, see e.g., [34].
In the lower mass region, 80≲ma < 150 GeV (where

the lower limit is set by the relevant experimental Eγ
⊥ cuts),

we find there exist regions of parameter space that are not
excluded by current limits and for which the single-tagged
channel exhibits sensitivity, even with a smaller integrated
luminosity of ∼10 fb−1. We find that here, this is currently
beyond the reach of the double-tagged case, due the
kinematic acceptance in this case. We therefore expect
that semiexclusive ALP production, selected by a single-
proton tag, can provide not just a complementary constraint
on the higher-mass ALP region but potentially extend
existing searches in the lower mass region at the LHC. The
current paper provides the necessary MC simulation to
achieve this.
The outline of this paper is as follows. In Sec. II we outline

the approach we use to modelling semiexclusive ALP
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production and describe the implementation in SuperChic 4. In
Sec. IIIwe explore the predictions of this approach for single-
and double-tagged (semi)exclusive ALP production in the PI
channel, and comment on our results in light of future LHC
searches. Finally, in Sec. IV we conclude.

II. MODELING SEMIEXCLUSIVE
ALP PRODUCTION

To model ALP production in the exclusive and semi-
exclusive channels we apply the structure function (SF)
approach for calculating PI production discussed in
[43,44]. In the high-energy limit (

ffiffiffi

s
p

≫ mp) the PI cross
section in proton–proton collisions can be written in the
general form

σpp ¼ 1

2s
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Here the outgoing hadronic systems have momenta p0
1;2 and

the photons have momenta q1;2, with q21;2 ¼ −Q2
1;2. The

production ALP has 4-momentum k ¼ q1 þ q2 ¼ k1 þ k2,
where ki are the outgoing photon momenta, and dΓ ¼
Q

2
j¼1 d

3kj=2Ejð2πÞ3 is the standard phase space volume.
ρ is the densitymatrix of the virtual photon, which is given in
terms of the well-known proton structure functions,
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where xB;i ¼ Q2
i =ðQ2

i þM2
i −m2

pÞ for a hadronic system of
mass Mi and we note that the definition of the photon
momentum qi as outgoing from the hadronic vertex is
opposite to the usual DIS convention. Here, the integral
over M2

i is understood as being performed simultaneously
with the phase space integral over p0

i, i.e., is not fully
factorized from it (the energy E0

i in particular depends on
Mi). One can make use of the wealth of data from lepton-
proton scattering to constrain the structure functions, and
hence the photon-initiated cross section, to high precision.
Full details of the procedure for this are given in [43,44] and
are for brevity not repeated here; we note however that the
corresponding uncertainties on these inputs is at the 1% level,
and so is under very good control.
In (1) Mμν corresponds to the γγ → a → γγ production

amplitude, with arbitrary initial-state photon virtualities. To
evaluate this we will consider the following Lagrangian,

L ¼ 1

2
∂
μa∂μa −

1

2
m2

aa2 −
1

4
gaaFμνF̃μν; ð3Þ

where ma is the ALP mass and ga is the ALP-photon
coupling. As the contribution from t and u channel ALP
exchange will be extremely small, and difficult to distin-
guish from other backgrounds, we will for simplicity
consider only the dominant resonant s-channel contribu-
tion. In this case, the γðq1Þγðq2Þ → a → γðk1Þγðk2Þ ampli-
tude is simply given by

Mμν ¼ g2aϵμνσρqσ1q
ρ
2

�

1

ðm2
γγ −m2

aÞþ imγγΓa

�

ϵαβδγϵ
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1 ϵβ�2 kδ1k

γ
2;

ð4Þ

where ALP width is given by

Γa ¼
g2am3

a

64π
; ð5Þ

under the assumption that the ALP couples only to the
photons, i.e., Brða → γγÞ ¼ 100%, we have

hM�
μ0ν0Mμνi≈g2aðϵμνσρqσ1qρ2ϵμ0ν0σ0ρ0qσ

0
1 q

ρ0
2 Þ½64π2δðm2

γγ −m2
aÞ�;
ð6Þ

summing over photon polarizations and in the narrow width
limit, although in all results we include the full finite width
effects as in (4). In what follows we will assume that the
ALP branching ratio to photons is indeed 100%, although
one can to good approximation convert to other scenarios
straightforwardly, provided the ALP width remains rela-
tively narrow.
As usual, given the experimental requirement for intact

tagged protons and/or a rapidity veto in the central detector,
we must evaluate the probability for producing no addi-
tional particles produced in the final state. In such a case we
need to include the probability of no additional particle
production due to soft proton-proton interactions (i.e.,
underlying event activity), known as the survival factor,
see Refs. [51,52] for reviews. We account for this following
exactly the same approach as described in [45], for the case
of lepton pair production, but with the production ampli-
tude now corresponding to the γγ → a → γγ process
described above. This results in a predicted survival factor
that depends differentially on the final–state kinematics, as
well as the produced object and whether the production is
purely elastic or inelastic. As discussed in [45] we find that
the survival factor is rather close to unity for the case of
purely elastic production, while being significantly smaller
in the double dissociative case.
Using the above formalism, we have implemented ALP

production in SuperChic 4. In particular, events are generated
fully differentially in terms of the final-state ALP decay and
proton dissociation products, if the process is inelastic.
These can then be interfaced to PYTHIA 8.2 [48] for
showering and hadronization of the proton dissociation
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system. The same approach to achieve this, and corre-
sponding flags in PYTHIA 8.2, are again exactly as described
in [45], to which we refer the reader for further details.
Finally, we have also implemented in SuperChic 4 the

case of a scalar ALP coupled to photons, for which the
corresponding Lagrangian is

L ¼ 1

2
∂
μa∂μa −

1

2
m2

aa2 −
1

4
gaaFμνFμν; ð7Þ

and the γγa amplitude becomes

ϵμνσρqσ1q
ρ
2 → gμνðq1q2Þ − q1;μq2;ν: ð8Þ

III. RESULTS

In this section we show some representative results for
ALP production in LHC pp collisions. We will for
concreteness consider the case of a scalar ALP, but note
that a pseudoscalar ALP gives rather similar results for the
same mass/couplings. More precisely, the predicted sur-
vival factor for EL and SD production is ∼10% lower in the
case of pseudoscalar production, and hence the overall
results presented here will be rather similar in that case. We
note that the dependence of the survival factor on the parity
of the produced ALP is in line with many earlier studies for
exclusive production of various states, see e.g., [53,54]. We
in addition consider the case of purely s-channel ALP
production; although t–channel ALP exchange can readily
be included as a contribution to the γγ → γγ process (as is
done in e.g., [28]) we will in general expect this nonreso-
nant contribution to γγ production to be rather mild in the
allowed region of ALP–γ coupling space, and moreover be
significantly more challenging to disentangle from the
continuum background. We therefore for simplicity do
not focus on this here.
We will for concreteness require the produced photons to

haveE⊥ > 40 GeV and jηj < 2.37, i.e., lying in the ATLAS
EMcalorimeter with sufficient transverse energy,E⊥, to pass
standarddiphotonL1 triggers and event selection criteria (see
e.g., [49]). With this, we can consider the mass range
80 < ma < 2600 GeV, with the upper limit driven by the
fall off of the event rate within the Run 3 dataset, as we will
see. When presenting event yields, we consider a range of
integrated luminosities, from 10–300 fb−1, that is spanning
the region from the current level of accumulated data with
tagged protons, to the final expected yield from the LHCRun
3; while we show results for 13 TeV for the sake of
comparison, the expected yields will be similar at 14 TeV.
We will consider single- and double-proton tags for two
different acceptance scenarios, namely 0.035 < ξi < 0.08
and 0.02 < ξi < 0.12, where ξi is the fractional momentum
loss of proton i. While the former corresponds to a rather
narrow region used in theATLASexclusive dilepton analysis

with single-tagged protons [42], the latter corresponds
to the maximum range accessible in Run 2 by both AFP
and CT-PPS. We in addition impose an acoplanarity cut
1 − Δϕγγ=π < 0.01. This is necessary in order to suppress
backgrounds from dijets produced in nondiffractive, single-
diffractive or central exclusive production,where thephotons
are present in the set of final state particles or come from
misidentifying jets as photons. This cut is less effective in
suppressing fake photons from FSR in photon-induced
dilepton production or from misidentifying the produced
leptons as photons. Loosening this cut increases the SD
contribution somewhat, with the impact on the total rate
being∼10% or less. For the case of SD andDDproduction, it
is in general possible that a proton produced from the decay
of the beam proton dissociation system can be registered in
the acceptance of the FPD (see Refs. [45,55] for further
discussion). We account for this possibility in our analysis,
requiring that the ξ of the proton registered in the FPD and
that reconstructed from the invariant mass and rapidity of the
central diphoton system coincide within 0.005 in order to
suppress this contribution.Wewill in addition investigate the
effect of imposing a veto on additional tracks with p⊥ >
0.5 GeV and jηj < 2.5; during nominal running, and only in
the case when the final–state photons convert into leptons
(see e.g., Ref. [56] for details about the diphoton production
vertex determination from two photons and additional
tracking information) we can effectively impose such a veto
on additional associated tracks in order to suppress the
background.
We note that, as discussed in detail in [28] in the double-

tagged case, there are a range of irreducible and reducible
SM backgrounds that we must in general consider in both
the single- and double-tagged event selection. The reduc-
ible backgrounds due to continuum semiexclusive γγ
production (either gluon or photon induced) are expected
to be negligible; taking the single-tag requirement and the
above event selection we find from SuperChic 4 that ∼2 events
in total due to purely exclusive production, for 300 fb−1,
while for the semiexclusive case a similar number is
expected, although a precise calculation of this is not
currently available. This is in-line with the results of [28],
while in that study the double pomeron exchange (DPE)
background is also considered. The cross section for this is
found to be completely negligible in the relevant kinematic
region for double-tagged production, while after imposing
matching constraints on the reconstructed proton ξ and that
of the central diphoton system, which in general do not
match for DPE production, this is reduced to effectively
zero. For the single-tagged case, one can still effectively
suppress this background by requiring that the ξ of the one-
tagged proton matches the relevant kinematics of the
central system.
Finally, there is the effect of additional pileup collisions to

consider, which in general influences the total background in
two ways. First, additional soft tracks and clusters in the
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central detector deteriorate various reconstruction efficien-
cies and resolutions, e.g., vertex, track, lepton or photon
reconstruction efficiencies. Second, protons from pileup
collisions may end up in the acceptance of the FPD and
form a so-called combinatorial background. The size of this
strongly depends on the ξ range of the FPD and on the
number of pileup collisions per bunch crossing, μ, with a
simple rule that the narrower ξ range and the lower μ, the less
significant this combinatorial background is. Double-tagged
events have two advantages over single-tagged events,
namely that the appropriate combinatorial factor is the square
of that in the case of single-tagged events, and hence the
background is correspondingly suppressed. Moreover, time-
of-flight detectors can be used to suppress the combinatorial
background. On the other hand, as wewill see, doubletagged
events have the disadvantage of a narrower acceptance in the
mass of the central system and significantly lower event yield
when compared to single-tagged events. More details can be
found in [55,57,58]. It is not the purpose of the current paper
to present a detailed analysis of these backgrounds here, but
we simply note that the dominant pileup background should
be controllable in Run 2 and 3 conditions by e.g., suitably
matching thekinematics of the central systemwith the tagged
proton, although the specific level of rejectionwill depend on
the details of the experimental analysis. In this context it is
important to note that the search for ALP is in fact a bump
hunting on the mass distribution of combinatorial back-
ground. It is therefore useful to model this background
properly rather than trying to reduce it at the cost of reducing
the signal statistics, especially in cases when the total
integrated luminosity is low. On the other hand, it is worth
emphasizing that this background is also controllable by
data-driven means for example using event mixing, see e.g.,
[34].Moreover, even in the case of a single proton tag one can

still match the ξ of the tagged proton to that of the diphoton
system in order to suppress this background.
With the above discussion in mind, we simply consider in

this paper the relevant signal rates, in order to assess whether
the single-tag search is feasible, and if so in what regions of
parameter space, under the reasonable assumption that the
relevant backgrounds are under control. In Fig. 1 (left) we
show the expected event yields for 10 and 300 fb−1, for a
range of ALP masses and for ga ¼ 0.2 TeV−1. We can see
from e.g., Fig. 4 (right) of [15] and the more recent ATLAS
limits in [50] that below ma < 150 GeV this region of
parameter space is currently not excluded. The limits shown
in [15] in the 100–160 GeV region correspond to those
derived in [59], which come from a reinterpretation of
relatively earlyATLASdata onHiggs to diphoton production
with VBF cuts applied [60]. Although more recent Higgs to
diphoton data exist [61,62], the limits derived in [59] are to
our knowledge the most recent corresponding limits on ALP
production in this intermediate mass region. We can observe
that even for 10 fb−1 of data we expect ∼10 signal events in
this region, depending on the precise mass considered. This
therefore raises the interesting prospect of extending the
LHC into this region of parameter space with existing single
proton tag data. In the future, we can see from the plot that a
much larger signal yield would naturally be expected.
We note from (5) that the ALP resonance is very narrow

in this region of parameter space, and hence to very good
approximation the cross section is simply proportional to
g2a, allowing the reader to readily extract the corresponding
signal expectations for other coupling/mass scenarios,
provided the width remains narrow in these. Indeed, in
Fig. 2 we show for illustration the equivalent event yields for
a lower coupling ga ¼ 0.03 TeV−1, and we can see that for
the larger Run 3 event sample itmay be possible to extend the
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FIG. 1. Expected event yield for ALP production in 13 TeV pp collisions and for a range of ALP masses, ma. Results shown for a
representative coupling ga ¼ 0.2 TeV−1 and assuming Brða → γγÞ ¼ 100%. (Left) Expected event yields with and without a single
proton tag applied, for demonstration, and for Lint ¼ 10–300 fb−1. (Right) Expected event yields for single and double proton tags, with
Lint ¼ 300 fb−1.While a track veto is imposed when indicated, in this single proton tag case, if we remove this then the predicted cross
section is only a few percent higher. Note: no experimental efficiencies are included in the fiducial cross sections.
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sensitivity significantly beyond the current exclusion region
for ma < 150 GeV, which extends to ga ≳ 0.2–0.6 TeV−1,
depending on the ALP mass. We also show in the plots the
expected yields with double proton tags. Due to the kin-
ematic acceptance of this double-tag requirement, we can
see that a more limited mass range, 260ð455Þ < ma <
1560ð1040Þ GeV for the larger (smaller) FPD acceptance
range considered, is available. The predicted yields are as
expected smaller, due to the additional proton tag, although
the control over the corresponding BGs will be improved in
this case.
In the ma > 150 GeV region, on the other hand, the

inclusive constraints from [26,49] exclude this region,
although we note that in [15] it is suggested that the
treatment of the corresponding backgrounds in this case
may be too optimistic. At larger ma > 600 GeV, the recent
CT-PPS search [34] with tagged protons sets similar,

though slightly less constraining, limits. Nonetheless, even
in this region of parameter space we may consider the
semiexclusive ALP production as a complementary cross
check of the corresponding inclusive exclusions limits in a
potentially cleaner channel to the inclusive case. We note
that the value of the coupling taken in Fig. 2 is on the edge
of or below the current exclusions from these inclusive
constraints, and hence there is the potential for extending
the sensitivity to somewhat lower couplings even for
ma > 150 GeV, with the full Run 3 data sample.
In Fig. 1 (left) we also show for comparison the predicted

yields without a single proton tag, and without a veto
imposed. We can see as expected that the single tag reduces
the final rate in a way that depends on the mass of the ALP.
We note that the dominant effect here is the proton tag
itself; if we ask for a single proton tag but do not impose a
track veto in the central detector region then the predicted
cross section is only a few percent higher. In Fig. 3 we show
the breakdown between the three cross section components,
namely the EL, SD and DD. In the left plot we show results
without the single proton tag imposed, and as expected the
total cross section is a combination of all three components,
with the precise amounts depending on the mass of the
produced system (similar effects are seen in [45,46]). Once
the proton tag is required, however, the DD contribution is
negligible, while theEL and SDbecome relatively enhanced.
We note that the DD is not entirely zero due to the effect
discussed above; namely, that a proton produced from the
dissociation systemmay still register in the FPD. The change
in behavior of the EL and SD rates aroundma ≈ 500 GeV is
due to the fact belowma < ξmin

ffiffiffi

s
p

, there is no acceptance for
ALP production at central rapidity, and hence the ALP must
be produced at either forward or backward rapidity. This
leads to a nontrivial dependence in the FPD acceptance that
behave differently in theELcase,wherewe require that either
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of the EL protons registers in the FPD, and SD case, where
there is only one elastic proton to register. Finally, we also
compare our predictions with the expectation for lepton-pair
production at similar mass intervals. The agreement is found
to be very good, due to the fact that in both cases the pure PI
channel is dominant. This is in contrast to the case ofWþW−

production, as discussed in [45], and indicates that indeed
lepton pair production can act as a useful proxy to evaluate
the relative elastic and inelastic components of the ALP
production cross section. The agreement is not exact how-
ever, and the more precise treatment presented here is to be
preferred.

IV. CONCLUSIONS

In this paper, we have presented the first full theoretical
description of semiexclusive photon–initiated axionlike
particle production in proton-proton collisions, that is,
where the outgoing protons either remain intact or disso-
ciate, but with no color flow between the colliding beams.
This accounts for the full kinematics of the production
process and the survival factor probability, as well as
providing an implementation in the SuperChic 4 MC, which
can then be passed to a general purpose detector for
showering/hadronization of the proton dissociation system
(the code and a user manual for which can be found at
[47]). This process is of particular interest as a search
channel for relatively high-mass ALPs decaying to two
photons, with either a single- or double-proton tag in the
FPDs associated with ATLAS and CMS allowing for an
effective event selection and suppression of the correspond-
ing backgrounds. In the single-tag case, a full treatment of

the semiexclusive mode, where one or both protons
dissociate is essential, as has been presented in this work.
We have presented expected signal yields for both the

single- and double-tagged scenarios, accounting for the
experimentally relevant event selection, and considered
the basic implications of these, in light of the current
experimental constraints from the LHC and elsewhere. We
find that while the higher mass, ma > 150 GeV, region of
parameter space that can be probed in this channel is
already well constrained by the corresponding PI pro-
duction contribution to inclusive resonance searches, there
are still possibilities currently to extend this with the full
Run 3 dataset. More broadly this provides a complemen-
tary confirmation of the results in a channel where the
backgrounds are potentially lower. At lower masses,
ma < 150 GeV, there exist regions of unconstrained
parameter space that may be probed even with a relatively
small dataset. Semiexclusive ALP production therefore
represents a promising search channel for ALPs, and in
this paper we have presented the theoretical and MC tools
necessary to achieve this.
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