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REQUESTING RUNNING TIME:
312 hours (39 shifts; 13 days) for data taking.

BRIEF SCHEDULE:
We will use a standard experimental apparatus of LEPS spectrometer, and three plates
of lead targets with thickness of 0.5 mm which corresponds to 0.27 radiation length in
total. We believe the experiment is ready for the beam by the middle of October 2011
when the beam is scheduled to be delivered.

TYPE OF BEAM:
Linearly polarized tagged photon beam for the energy region of 1.5∼2.4 GeV, and 2.0
× 106/sec beam intensity; high intensity, low photon beam energy is preferred.

MAIN APPARATUS:
LEPS standard spectrometer; drift chambers, dipole magnet, Aerogel Cherenkov coun-
ters, plastic scintillating counters, photon beam tagging counter, electronics and DAQ
system.
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Influence of nucleus potentialon kaon and
antikaon pairs decayed from short lived particles

in a nucleus
C. J. Yoon, for LEPS Collaboration,

Research Center for Nuclear Physics, Osaka University, 567-0047, Japan
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Abstract

We propose an experiment to probe the interactions of kaon- and antikaon-nucleus by
measuringK+K− pairs decayed fromφ(1020)meson in a nuclear target. TheK+K−

pairs emerged from nuclei can be affected by hadronic potentials and the difference of
kaon- and antikaon-nucleus potential maybe modify invariant masses ofK+K− decayed
from φ mesons. Theφ mesons will be produced with a lead target for the energy region
1.5∼2.4 GeV at LEPS facility in Super Photon Ring 8-GeV (SPring-8). By comparing
results of Monte Carlo calculation with experimental data, we will measure kaon-, and
antikaon-nucleus potential.

1. INTRODUCTION

Properties of hadrons embedded in medium are expected to reflect both the sponta-
neous breaking of the chiral symmetry as well as hadronic many-body effects. In par-
ticular,φ meson is the lowest bound state ofss, its properties innuclei are directly con-
nected to the way kaon and anti-kaons are modified in a nuclear medium. Theφ meson
decaying in medium can be studied by usinge+e− as well asK+K− channel. Since the
kaons strongly interact inside nuclei while electron not interact with the nuclear medium,
studyingK+K− decay channel under nuclei may allows us to probe kaons-nucleus in-
teraction [1].

The kaons-nucleus interaction is related to the kaon condensation which is regarded
to be appeared in a high-dense matters such as a core of neutron star. Based on the anal-
ysis of K−-atomic levels [2], theK−N interaction near threshold is strongly attractive
with −(150∼ 200)MeV. Consistently, data from a KEK-PS experiment [3] of (K−,n),
and (K−,p) reactions from12C, were interpreted by usingK−N potential with range
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of −(160∼ 190) MeV. However, a coupled channel calculations which fits the low-
energyK−p interaction data, andπΣ invariant mass shape from theΛ(1405)resonance
gives−100 MeV [4], and−80 MeV was obtained from analysis of proton-nucleus col-
lision experiments [5][6]. TheK−N potential, therefore, has large uncertainty in theoret-
ical and experimental sides. In this proposal, we demonstrate how the kaon (antikaon)-
nucleus potentials modify invariant mass ofK+K− from decayingφ mesons in nuclei,
and we will discuss a possible way to measure kaon (antikaon)-nucleus potentials, fi-
nally, estimation of running time together with a result of test experiment will be given.

2. METHOD AND GOAL

Let us consider a hadron is embedded in a nuclear matter, then the momentum of the
hadron is governed by a relation of [7] [8]

(E−V)2 = (M0+S)2+Pin
2. (1)

HereV andSdenote vector, and scalar potential of the hadron.M0, mass of the hadron
in a vacuum,E andPin, total energy of hadron in a vacuum, and a momentum in the
medium, respectively. For the vacuum system, since the energy-momentum relation is
expressed by

E2 = M2
0 +Pout

2, (2)

the momentum of the outgoing particle from inside of the nucleus can be derived by

Pout
2+M2

0 = (

√
(M0+S)2+Pin

2+V)2. (3)

If we rely on the Quark Meson Coupling (QMC) model, the vector (V), and scalar
potential (S) of the hadron can be calculated by using a light quark number scaling
rule [9] as described by V=41.8· (nq−nq̄)(ρB/ρ0) MeV, and S= m∗

h−mh ≃ −184.5 ·
(nq+ nq̄) · (1/3) MeV, where the symbolρ0 denotes normal nuclear density given by
0.15 fm−3, andρB, a density of nuclear medium,nq, andnq̄ denote number of light
quarks, and antiquarks for the hadron. The symbolmh

∗, andmh denotes hadron mass in
a medium and in a vacuum, respectively. The vector and scalar potential for the kaon
can be calculated by VK+ = +41.8 MeV, SK+ = −63.3 MeV. And for the antikaon,
the values are calculated by VK− = −41.8 MeV, SK− = −63.3 MeV. The sums of
vector and scalar potentials correspond to real parts of the optical potentials. Because
experimentally measured invariant masses (M∗) can be expressed as a function of vector
and scalar potential described by:

M∗2 = ∑
i
(Ei)

2−∑
i
(Pouti)

2, (4)
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the effect ofkaon- and antikaon-nucleus potential to be appeared in theK+K− effective
mass spectrum, and the issue for thehow the invariant mass is modified, is depends on
its production-, decay-kinematics, and their potentials [10].

In order to investigate feasibility of this measurement at LEPS experiment in SPring-
8, we performed a schematic Monte Carlo calculation. We producedφ meson by using
two-body kinematics for the reaction ofγ(p)→ φ p with a lead target, where ‘(p)’ denote
a proton in a target nucleus. Photon beams were generated for the energy region of
1.5∼2.4 GeV referred to a beam profile of the experimental data of the LEPS. Because
the effect of nucleus potential occurs only if the producedφ meson decays inside of the
target nucleus, kaon potentials were applied when the individual survival probability of
the simulatedφ -meson is larger than a quantity of exp(−(Mφ/Pφ )(R/Γφ )). HereMφ
denotes mass ofφ , andPφ , momentum ofφ meson. We assumed radius of nucleus as
R= 1.2A1/3 fm, where the symbolA denote mass number of nucleus target, andΓφ is
given by 4.26 fm, we used the masses of theφ and kaon (antikaon) as the same ones in
a vacuum. Instead, momentum dependent nucleus potential ofφ meson was taken into
account as an initial scalar potential of−30 MeV which reduce the effective mass of
φ meson about 3% for the momentum region less than 400 MeV/c, and 1.5% for the
momentum region larger than 400 MeV/c.

The simulatedφ -mesons in a nucleus were decayed into theK+K− pairs satisfying
a dispersion relation of Eq.(1), and they were propagated to the outside of the nucleus
following to Eq.(3). For the decay process ofφ meson, azimuthal angle of decaying
K+K− were isotropically generated for the decay angle region of 0∼ 180◦ in the center
of mass system, and the polar angle was generated for the region of 0∼ 360◦. Once
the momentum of particle is increase, the vector and scalar potentials are expected to
be decrease, we have soften the corresponding potentials by multiplying a scaling factor
following to Ref. [11],

1/(1+α(PK/PF)
β ). (5)

Here,PF denote Fermi momentum of target nucleus which was generated by using an
harmonic oscillator model, where the optimum values of the parametersα, andβ are 0.5,
which are taken from a study of heavy ion collisions experiment for the energy region
of 1 GeV/nucleon. Figure 1 shows kaon (antikaon)-nucleus potential with respect to the
momentum of kaon (antikaon) decayed from simulatedφ mesons.

The events were generated by usingGEANT3 package with a full geometry of the
LEPS spectrometer. A top view of this spectrometer is shown in Fig. 2. The LEPS
spectrometer consists of a dipole magnet with a magnetic field strength of 0.7 Tesla,
and it has a start counter (SC), a silicon strip detector (SSD) array, three drift chambers,
and time-of flight (TOF) counters, and Aerogel Cherenkov counters (AC). Maximum
opening angle to accept outgoing pair of charged particles in this spectrometer is 50◦.
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FIGURE 1. (Color online) Appliedkaon-, antikaon-nucleus potentials with respect to the momenta
of the decayingK+K− pairs from the simulatedφ mesons. The red points denoteK+N potentials, and
blue points denoteK−N potentials with respect to the momentum of kaon (antikaon). Data points at zero
potentials correspond to the kaons (antikaon) decayed outside of nucleus.

FIGURE 2. (Colors online) Top view of LEPS spectrometer which consists of a dipole magnet with a
magnetic field of 0.7 Tesla, silicon strip detectors, aerogel Cherenkov counters, three drift chambers, time
of flight hodoscope counters.
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FIGURE 3. (Color online) Left: Reconstructed effective mass ofK+K− decayed fromφ meson
produced by a lead target in which vector potentials+42 MeV (for K+ ), −42 MeV (for K−), and
scalar potentials−63 MeV (for both) were assumed. Here red line presents data from the reaction of
γ(p)→ K+K−p, and blue line presents data from the reaction ofγ(p)→ Λ(1520)K+;Λ(1520)→ K−p.
The solid line denotes sum of these two spectra withK+K− decayed fromφ mesons, where the quoted
error bars present statistical uncertainty. Right: Same data set of the left figure, however the opening angles
of K+K− were required to be larger than 17◦.

Here, we considered detector responses, in-flight decay of kaons, nuclear reactions, and
multiple scattering in the spectrometer materials.

Left panel in Fig 3 shows reconstructed effective mass ofK+K− pairs decayed from
the simulatedφ mesons with a lead target. Main background in this mass region can
be considered as two component: (1) non-resonantK+K−, and (2)Λ(1520)associated
K+K−. These events were generated by using phase space ofγ(p)→ K+K−p reaction,
and γ(p) → Λ(1520)K+ reaction followed by decay ofΛ(1520)→ K−p. Generated
background events were mixed into the simulated data ofφ mesons as individual frac-
tions to be 8% (for non-resonanceK+K−)[12], and 5% (forΛ(1520) associatedK+K−)
[13] with respect to the events ofφ meson for the mass region 995∼1045 MeV/c2. The
mixed events were analyzed with the same way of the analysis of theφ meson. As shown
in this figure, levels of theK+K− background are very small. Right panel in Fig3 dis-
plays same data of the left panel, however we required opening angle ofK+K− to be
larger than 17◦. A bump arised from kaons-nucleus potentials is clearly seen at 1070
MeV/c2.

8



B

 

P      (MeV/c)φ

+
   

−
   

  o
θ

K
  K

   
 (

   
)

A

0

10

20

30

40

50

60

0 500 1000 1500 2000 2500

FIGURE 4. (Color online) Openingangle ofK+K− with respect to the measured momentum of theφ
meson, where ‘A’ corresponds to in-vacuum decay, while ‘B’ corresponds to in-medium decay. Dashed
line denotes opening angle 17◦.

One may doubt that the requirement of the opening angle may produce a faked signal.
However one has to keep in mind that acceptance of the high mass region (larger than
1040 MeV/c2) does not change significantly. In figure 4, we display opening angle of
K+K− with respect to the momentum ofφ -meson. The data points ‘A’ correspond to
the K+K− pairs decayed in a vacuum, while data points ‘B’ correspond to ones from
inside of nucleus. By requiring opening angle of theK+K− to be larger than 17◦, we can
selectively takeK+K− pairs decayed from inside of nucleus. Furthermore, we studied
a behavior of the position of the bump by changing magnitude of the potentials, and
found that the position of the bump is linearly depends on a magnitude of the kaon-
and antikaon-nucleus potential as demonstrated in Fig5. By using this property, we will
measure kaons-nucleus potential.
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FIGURE 5. Relation between secondarybump positions with respect to the scale factor which multi-
plies to the antikaon (kaon)-nucleus potential obtained by the Quark Meson Coupling (QMC) model in
which φN potential was set to be zero. In caseφN potential is involved, these data points go down as
much as magnitude of scalar potential ofφ meson.

3. ESTIMATION OF YIELD AND RUNNING TIME

The yield ofK+K− pairs decayed fromφ meson in a nucleus was calculated by using
following relation:

Yφin→K−K+ = NγTγη2
Kηe f fηφinBr(φ → K+K−)ρt(

Na

A
)(

dσ
dΩ

)A∆Ω∆T. (6)

Here,Nγ is a number of tagged photon beam in a second,Tγ , transmission rate of
tagged photon,η2

K , survival probability ofK+K− pair for the flight length of 4 m (target
∼TOF). Here momenta of kaons were assumed 1 GeV/c. The quantityηe f f express
an overall efficiency for DAQ and reconstruction ofK+K− pairs. The quantityηφin

denotes in-medium decay rate for the producedφ meson in a nucleus,Br(φ → K+K−),
branching ratio ofK+K− decay mode for theφ meson. The quantityρ , density of target
material,t, thickness of target material. The quantityNa denotes Avogadro number,A,
mass number of target,(dσ

dΩ)A, differential productioncross section ofφ meson with a
nucleus, which is expressed by:

(
dσ
dΩ

)A = A0.72
[
Z(

dσ
dΩ

)p+N(
dσ
dΩ

)n
]
, (7)

where,(dσ
dΩ)p, and(dσ

dΩ)n is a cross sectionon proton, and on neutron, respectively. These
values are assumed as 0.010µb/sr. A similar value was reported in Ref. [14]. Here the
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quantitiesZ, andN express atomicnumber, and neutron number(N = A−Z) of target
material. A quoted value, 0.72, expresses mass number (A) dependence of the cross
section, which was taken from a result of previous LEPS experiment [15]. The∆Ω,
solid angle of LEPS spectrometer. The quantity∆T, requested running time for data
taking.

Given values described below, expected number ofK+K− pairs decayed fromφ meson
with a 1.5 mm thick lead target is found to be 5,549 events, where 166 events are from
in-medium decay. Since theK+K− background levels are very small, and shape of the
background is expected to be not significantly changes, we can easily observe a bump in
theK+K− effective mass spectrum as displayed right panel in Fig 3.

• Nγ = 2.0×106/sec (Beam intensity)
• Tγ = 0.5 (Transmission rate for the tagged photon)
• ηe f f = 0.7 (Overall efficiency)
• ηφ in = 0.03 (Escaping rate ofK+K− pair from in-medium decayingφ meson)

• ρ =11.35 g/cm3 (Density of lead target)
• t = 0.15 cm (Thickness of target)
• (dσ

dΩ)A=207=47 nb/sr (Differentialproduction cross section ofφ meson with a lead
target, where differential cross section on proton, neutron was assumed as 10 nb/sr.)

• ∆Ω =1.03 (Acceptance of LEPS spectrometer;± 15 ◦ for horizontal,± 10 ◦ for
vertical direction)

• η2
K =0.36 (Survival probability of two kaons for 1 GeV/c region at 4 m distance)

• ∆t=1.15× 106 sec (Running time, 13 days)

4. RESULT OF TEST EXPERIMENT

In order to study feasibility of this measurement, we have performed a test experiment.
Figure 6 shows a target system which consists of three pieces of lead plates with
individual thickness of 0.5 mm. These are mounted on a foamed styrol, and it was
attached on an existing liquid target vessel. Figure 7 shows a vertex distributions for
z-direction, three separated individual targets are clearly identified together with a start
counter. Data presented in here correspond to 42 hours-running time with tagged photon
beam intensity of 0.16× 106/sec.

Figure 8 displays distribution of a squared-momentum with respect to the squared-
mass of the outgoing particles [16], where three clusters indicating pions, kaons, and
protons.

Figure 9 shows invariant mass spectrum ofK+ andK− pairs. A signal ofφ meson
at 1020 MeV/c2 is clearly observed. Indicated two lines corresponds to three-standard
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FIGURE 6. (Color online) Atarget consists of three pieces of leads plates with individual thickness of
0.5 mm. These are mounted on a form styroal, and it was put on a vessel of liquid target container.

FIGURE 7. Vertexdistribution of kaons, a set of three peaks corresponds to separated lead plate target
while the fourth peak corresponds to start counter [16].
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FIGURE 8. (Color online) Distribution of the squared-momentum with respect to the squared-mass of
the outgoing particles [16].

deviations of the width of theφ -meson. We have estimated a number of signal events
by counting events which are distributed inside of the boundaries. Resulting counting
rate 54 signal events for the 42 hours running time (1.2 events/hour) consistent with the
expected yield 5,549 events with 13 days running time (17.3 events/hour) under a 12.5
times higher beam intensity of the test experiment.

5. SUMMARY AND CONCLUSION

We have shown that how the kaon- and antikaon-nucleus potentials modify invariant
mass ofφ meson in a nucleus target by using a relativistic mean field approach. The
φ mesons will be produced with a lead target for the energy region 1.5∼2.4 GeV at
LEPS facility in Super Photon Ring 8-GeV (SPring-8). TheK+K− pairs decayed from
φ mesons in nuclei may be affected by hadronic potentials and the difference of kaon-
and antikaon-nucleus potential maybe modify invariant masses ofφ mesons. As a result,
a bump will be seen in theK+K− invariant mass spectrum, and the position of bump is
linearly depends on the depths of kaonic potentials. By using this property, we will
measure kaons (antikaons)-nucleus potentials.

We estimated yield ofφ meson with a standard experimental setup of LEPS facility.
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FIGURE 9. (Color online) ReconstructedK+K− invariant mass spectrum [16]. Indicated two lines
correspond to three standard deviations bands of width ofφ meson. Number of signal events was estimated
by counting events inside of this window.

Obtained a rate of 1.2 events per hour with beam intensity 0.16×106/sec exhibits that
with a running time of 13 days under the requested beam condition 2.0×106/sec 166
events of the available data on in-medium decay ofφ meson can be obtained. Thus, the
measurement of kaon (antikaon)-nucleus potentials by using in-medium decays for the
first time viaK+K− channels in a nucleus seems to be feasible.
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