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Is the Property of Mesons Modified in the Nuclear Medium? 

– φφ Meson Photoproduction from Nuclei –

The concept of mass modification is generally
applied for many fields in physics.  The effective mass
of electrons in material science is widely discussed,
for example, when calculating the conductivity.  In
nuclear physics, the concept of the effective mass is
sometimes used to describe the effect of the average
potential.  In these cases, we believe that the bare
mass does not change and the concept of “effective
mass” is treated as a conventional method of taking
into account the potential effect from the medium.  A
similar concept is applicable to treating mesons in
hadron physics. 

The modification of vector mesons in nuclear
matter is an interesting subject since its origin stems
from the chiral symmetry violation or recovery in a
nuclear medium.  Theoretically, a broadening of the
width and/or a decrease of the mass has been
predicted for the φ meson with a pure ss- component in
the nuclear medium [1,2], although no clear evidence
for the mass shift of the φ meson has been reported.

The total  φ-nucleon cross section σφN in free space
determined from the φ photoproduction on the proton
is very small, 7.7-8.7 mb [3].  If σφN in the nuclear
medium is the same as that in free space, the φ
photoproduction cross section from nucleons in a
nucleus (incoherent process) σA should be approximately
proportional to the mass number of the target nuclei A
since the φ meson produced in the nucleus almost
goes out the nucleus because the mean free path is
much longer than the nuclear size.  If σφN becomes
larger in the nuclear medium, some fraction of
photoproduced φ mesons would interact with nucleons
in the nucleus and disappear via inelastic reactions
such as φp → K+Λ and φn → K–Σ+.   In this case, the

A-dependence considerably deviates from σA ∝ A1, as
illustrated in Fig. 1.  Therefore, we can study the properties
of the φ meson in the nuclear medium by measuring
the φ photoproduction cross sections from nuclei. 

The φ photoproduction cross sections from Li, C,
Al, and Cu nuclei were measured at beamline
BL33LEP.  High energy photons were obtained by
backward Compton scattering in the 8 GeV storage
ring.  The produced φ mesons with a decay mode to
K+ and K– meson pairs were detected at forward
angles using a magnetic spectrometer.  Figure 2
shows the invariant mass spectrum reconstructed by
the momentum information of K+ and K– mesons for
the γ Cu → K+K–X reaction.  A peak corresponding to φ
mesons was clearly observed, and similar peaks were
also observed in the runs with other targets.  The
measured mass and width of the φ meson for each
target nucleus are consistent with the free φ meson
mass of 1.02 GeV.

Among the φ meson events produced, we identified
φ mesons produced not from individual nucleons in a
nucleus (incoherent process) but from the nucleus as
a whole (coherent process).  The A-dependence of
the φ photoproduction cross section of the incoherent
process gives the relation σA ∝ A0.72±0.07 shown in
Fig. 3 after subtracting the contribution of coherently
produced φ mesons as background. 

To determine σφN from the obtained A-dependence,
an optical model of a Glauber-type multiple scattering
theory for incoherent production is applied [4].  The
value of σφN is estimated to be 35 -11

+17 mb, which is much
larger than σφN in free space.  This suggests that the
properties of φ mesons might change in the nuclear
medium.

Fig. 1.  Left: when φmesons are produced in a nucleus and go out, the A-dependence
is proportional to A.  Right: If there is a considerable deviation of the φ-N interaction
cross section in the nuclear medium, the cross section becomes large. 

meson

photon photon

K+

Λ

Absorbed: A ∝ Aα (α < 1)No absorption: A ∝ A1

(small N) (large N)

nucleon nucleon

nucleus nucleus

meson



150

On the basis of the self-energy calculation for φ
mesons in the nuclear medium, Cabrera et al.
presented the A-dependence in terms of the variable
Pout = σA / AσN which represents the probability of a
photoproduced φ meson going out a nucleus [5],
where σN denotes the φ photoproduction cross section
from a nucleon.  Figure 4 compares the Pout obtained
in the experiment and the theoretical predictions given
by Cabrera et al. as a function of A.  The obtained Pout

are smaller than the theoretical predictions.  This
discrepancy implies that the φ-nucleon interaction is
stronger than that estimated theoretically due to the
modification of the φ properties in the nuclear medium. 
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Fig. 2.  K+K– invariant mass spectrum
for γCu → K+K–X reaction.
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Fig. 4.  Probability Pout.  The solid and dashed
curves show the theoretical calculations given
by Cabrera et al. [5] without and with the
Pauli-blocking effect, respectively.
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Fig. 3.  A-dependence of φ photoproduction
cross section of the incoherent process.  The
data points are fitted as a function of A0.72. 
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