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Abstract. We first review recent theoretical results related to the ϕ-N and ϕ-
nucleus interactions. Thereafter, preliminary results of transport simulations of
12 GeV pA reactions to study the corresponding dilepton spectrum measured at
the KEK E325 experiment are presented.

1 Introduction

Until not too long ago, the ϕ-N and ϕ-nucleus interactions were thought to be rather weak
and dominated by strong absorbtion effects [1–6], even though there were some experimental
results pointing towards a stronger attractive interaction [7]. This picture may have to be re-
vised due to recent experimental and theoretical findings, which indicate that the ϕ is strongly
attracted to both single nucleons and larger nuclei.

The measurement of the ϕN scattering length within the femtoscopy technique as reported
by the ALICE Collaborations at LHC [8] and a lattice QCD calculation of a closely related
quantity by the HAL QCD Collaboration [9] both obtain scattering lenghs that are attrac-
tive and more than an order of magnitude larger that the value reported from previous photo
production measurements [6]. An analysis combining the ALICE and HAL QCD Collabora-
tion results (in which the former provides a scattering length that is a combination of the ϕN
spin 1/2 and 3/2 channels, while the latter gives a result of only the pure spin 3/2 scattering
length) even provided evidence for the existence of a ϕN bound state in the spin 1/2 channel
[10]. Furthermore, a recent analysis by Paryev [11] of the pion-induced ϕ meson production
cross sections on nuclear targets measured at HADES [12] led to a ϕ-nucleus potential depth
of 50-100 MeV, which is larger than earlier predictions of hadronic effective theory calcula-
tions [1–5] and is also not compatible with results obtained when combining QCD sum rule
calculations [13, 14] with the newest values of the strangeness sigma term (see for instance
Ref.[15] and the references cited therein). From all this, it is clear that the ϕ-N and ϕ-nucleus
interactions are not well understood from a theoretical point of view. The experimental con-
tradictions among the measurements of the ϕN scattering length [6, 8] furthermore remain
unresolved.
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This complicated state of the field has motivated us to study again the old dilepton data of
the KEK E325 experiment, which were generated from 12 GeV p-C and p-Cu reactions [7],
making use of a modern transport approach. This study is further motivated by the upcoming
J-PARC E16 experiment, which will measure the same reactions with a 30 GeV incoming
proton [16], which we also plan to study in the near future.

This proceeding contribution is organized as follows. After having given a brief review of
the current status of the field in this introductory Section 1, we discuss preliminary results of
our transport simulations of pA reactions measured at the KEK E325 experiment in Section 2.
The paper is concluded in Section 3 with a summary and outlook.

2 Numerical transport simulations of pA reactions

In this work, the PHSD transport approach [17, 18] (in the HSD version [19], that is, ignoring
quark and gluon degrees of freedom) is used to numerically simulate the pA reactions of
of interest. PHSD is a covariant, microscopic off-shell framework, in which the spectral
functions of light vector mesons and kaons [20] (including their density dependence) are
treated consistently while the particles move through regions of high baryonic density.

The ultimate goal of this study is to determine which degree of in-medium modification
(mass shift and/or broadening) of the ϕ meson can best reproduce the dilepton data measured
at the corresponding pA reactions. For this purpose, we parametrize the ϕ meson spectral
function including its density dependence as a relativistic Breit-Wigner form

AV (M, ρ) = C
2
π

M2Γ∗V (M, ρ)

[M2 − M∗20 (ρ)]2 + M2Γ∗2V (M, ρ)
, (1)

where the in-medium ϕmeson pole mass M∗0(ρ) and width Γ∗V (M, ρ) are taken to have a linear
dependence on the density ρ,

M∗0(ρ) = M0

(
1 − α ρ

ρ0

)
, (2)

Γ∗V (M, ρ) = ΓV (M) + αcoll
ρ

ρ0
, (3)

with M0 and ΓV (M) being the vacuum mass and width and ρ0 the normal nuclear matter
density. C in Eq. (1) is a simple normalization constant. α and αcoll in Eqs. (2) and (3) will be
adjusted to the various mass shift and broadening scenarios.

As first results of our simulations, we show the ϕ meson contribution to the di-lepton
spectrum, extracted from p-C and p-Cu collisions in Fig. 1. In these plots, we include a
scenario without any in-medium modifications (α = αcoll = 0) and two scenarios with mass
shifts of different magnitudes, but no broadening effects. A shoulder effect on the negative
side of the peak can be seen for the mass shift scenarios, which is obviously more prominent
for the larger copper nucleus. Note that the peak is still generated at the original ϕ meson
mass for all modification scenarios, through ϕs that decay outside of the target nucleus.

To eventually compare these results with the experimental data of the KEK E325 exper-
iment, a few additional steps will have to be taken. First, experimental acceptance, finite
energy resolution and rescattering effects of the dilepton measurement have to be included.
Especially the rescattering effects are important as they lead to shoulder effect on the left side
of the peak, which is similar to the one caused by a negative mass shift [21]. Next, final state
QED radiation effects also have to be taken into account, which, even though QED effects are
small, lead to a similar shoulder effect on the left side of the peak [22]. An analysis including
all these effects is currently ongoing.
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Figure 1. The ϕ meson contribution to the dilepton spectrum, obtained in simulations of 12 GeV p-C
(left plot) and p-Cu (right plot) reactions for a scenario without any in-medium modifications (purple
lines) and two scenarios with negative mass shifts of 34 MeV (green lines) and 68 MeV (red lines) at
normal nuclear matter density.

3 Conclusions and outlook

We have in these proceedings discussed currently ongoing numerical simulations of 12 GeV
p-C and p-Cu reactions, making use of the microscopic PHSD transport approach, to study
what kind of in-medium modification scenarios of the ϕ meson can best reproduce the KEK
E325 dilepton data [7].

Let us here give an outlook on future directions of our own project and research work
of other groups. As mentioned in Sec. 1, a number of new experimental measurements and
theoretical analysis have come out in recent years, which may change our understanding of
the ϕ-N and ϕ-nucleus interaction, which could be stronger and more attractive than expected.
It will be interesting to see whether these findings hold as more precise measurements and
calculations become available. An important benchmark will for example be, whether the
ϕ-N bound state predicted in Ref. [10] can be confirmed in a direct measurement.

On the other hand, the J-PARC E16 experiment [16] will start with its first physics data
taking in the near future as a follow up experiment of KEK E325, similarly studying dilep-
tons from pA reactions to determine in-medium modification effects of vector mesons. With
significantly increased statistics compared to the KEK E325 measurement, this will hopefully
make it possible to strongly constrain the ϕ meson modification in nuclear matter, including
(for the first time) the momentum dependence of a potential mass shift and broadening ef-
fects. E16 will be followed by the E88 experiment [23], which plans to measure the K+K−

channel in addition to dileptons from the same pA reactions, as done previously at E325 [24]
and at HADES [12]. One difference from the dilepton measurement is that for the K+K−

channel, complete coverage of all possible decay angles of the kaons in the lab frame will
be possible for the measurement at the J-PARC facility. This will be crucial for measuring
the longitudinal and transverse polarization modes of the ϕ [25], which can generally have
different in-medium modifications [26].
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