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Executive summary of the proposed experiment

We propose the experiment to study 
 baryons at the K10 beam line of the extended
Hadron facility. The 
 baryon is a unique but simple system which consists of three
strange quarks. It would be the best place to study the internal structure of baryons, for
example the origin of LS splitting, and the flavor symmetry for a variety of Roper-like
resonances. The K10 is quite a beam line to provide us a high-intensity high-momentum
negative kaon beam with high purity in the momentum region up to 10 GeV/c. We
measure the masses, widths and decays of excited 
 baryons (
�s) with excitation
energies up to 1 GeV.

Beam line: K10
Primary beam: 30 GeV, 50 kW at T2 target (5.2-s spill interval)
Secondary beam: 7, 8, 9, and 10 GeV/c K�

Beam intensity: 7:0 � 106/spill on target
Reaction: K+K�0 and K+K0 production in the K�p reaction
Detectors: K10 spectrometer
Target: Liquid hydrogen with a thickness of 57 cm
Beam time: 100 days for the physics run at 8 GeV=c,

10 days for the physics run at each of 7, 9, 10 GeV/c, and
10 days for commissioning

Estimated yield: 3:3 � 105 for each 
(�) in K+K�0 production
4:6 � 106 for each 
(�) in K+K0 production

2



Contents
1 Physics background 4

2 Spectroscopy of 
 baryons 6
2.1 Spin dependent interactions . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 1P states – quark orbital excitation . . . . . . . . . . . . . . . . . . . . 8
2.3 1P states – moleculars . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.4 2S states, physics of the Roper-like states . . . . . . . . . . . . . . . . 10

3 Conceptual design for the K10 beam line 12

4 Experiment 18
4.1 Spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.1.1 Requirements for observing 
�s . . . . . . . . . . . . . . . . . . 19
4.1.2 E50 spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.2 Performance of the spectrometer for observing 
�s . . . . . . . . . . . 22
4.2.1 Acceptance of the 
(�)-produced events . . . . . . . . . . . . . . 22
4.2.2 
(�)-mass resolution . . . . . . . . . . . . . . . . . . . . . . . . 24
4.2.3 Yield of the 
�-produced events . . . . . . . . . . . . . . . . . . 25

4.3 Expected 
(�) mass spectrum . . . . . . . . . . . . . . . . . . . . . . . 27
4.3.1 Spectrum for signal contributions . . . . . . . . . . . . . . . . . 27
4.3.2 Spectrum for background contributions . . . . . . . . . . . . . . 29
4.3.3 Spectrum for the sum of signal and background contributions . 30
4.3.4 Possible background reduction . . . . . . . . . . . . . . . . . . . 30
4.3.5 Different incident kaon momenta . . . . . . . . . . . . . . . . . 37

4.4 Decay angular distribution . . . . . . . . . . . . . . . . . . . . . . . . . 38

5 Summary 41

A Baryon spectroscopy with heavy flavors 43
A.1 Baryon with a single heavy quark and two-light quarks . . . . . . . . . 43
A.2 Baryon with a single heavy quarks with two-strange quarks . . . . . . . 44
A.3 Determination of spin and parity . . . . . . . . . . . . . . . . . . . . . 46

B 
N scattering 48
B.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
B.2 Production of the 
N bound state . . . . . . . . . . . . . . . . . . . . 48
B.3 Requirements for the spectrometer . . . . . . . . . . . . . . . . . . . . 49
B.4 Yield for the 
N bound state . . . . . . . . . . . . . . . . . . . . . . . 50
B.5 Mass resolution for the 
N bound state . . . . . . . . . . . . . . . . . 52

C ES-separator option for K10 beamline 56

3



1 Physics background
Hadrons are composite particles of quarks interacting with gluons. Hence the goal
of hadron physics is to answer the question “how quarks build hadrons”. By this we
should be able to explain various properties of observed hadrons, to predict new ones,
and to tell how best to look for. The resulting knowledge can be used as the basis
of various extended studies where hadrons appear such as dense hadronic matter.
Furthermore, QCD is the only gauge theory that shows non-perturbative nature of
dynamics and can be accessible by experiments. Thus the exploring QCD should be
helpful to the understanding of what happens in various other physics systems, which
can be described by the quantum field theories with the strong couplings.

Hadron spectroscopy has been studied for many years, mostly driven by exper-
imental discoveries of new states [1]. Recent lattice QCD has been making crucial
contributions to establish that QCD is indeed the theory of the strong interaction for
hadrons, and opened a way even to nuclear systems from QCD. Nevertheless, there
are still unsolved or unsettled problems in hadron spectroscopy. We tackle this issue
of this project.

Let us start with looking at a simple example of atoms that are built by electrons
(and a nucleus). An obvious fact is that the mass of the electron is much larger
than the energies that are relevant to various atomic phenomena, the binding energies
and excitation energies of electrons. Thus the creation of electron and anti-electron
(positron) pair is suppressed, and therefore, the electrons inside an atom are essentially
the same as isolated electrons, enabling the electrons as good building blocks, an
“ordinary path” of how electrons build atoms. A similar situation occurs in nuclear
systems.

The situation changes drastically for hadrons. Indeed the current u; d quarks in
the QCD Lagrangian are far lighter than the proton [1]. This makes it very difficult
to draw an ordinary path with the current quarks used as good building blocks. If
we want to create the mass of the proton about 940 MeV from the current u; d-quark
masses of order a few MeV, we need additional steps of many q�q creations. Obviously
such a process leads to enormous complications. If so is the resulting hadron spectrum
so chaotic? In fact, the data seems very systematic in the region of excitation energies
up to around 1 GeV, as shown in Fig. 1. This implies the emergence of effective degrees
of freedom that build the observed hadrons in the ordinary sense.

This is the place where the non-perturbative dynamics of QCD comes in. A possible
scenario is as follows. QCD is the SU(3) color gauge theory of quarks and gluons. The
group structure of the theory necessitates the emergence of instantons in the vacuum;
the QCD vacuum is no longer trivial. It is also a key element to solve the so-called
UA(1) anomaly, a well-known example of which is the �-�0 mass difference [3]. Then the
instantons couple the left and right chirality components of light u; d; s quarks, leading
to the three-body interaction of the u; d; s quarks, the instanton induced interaction
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Systematics of the SU(3) Baryon Spectra 1277

rule out the possibility that Σ S11(1750) could be a member of 48MS, as it seems to
become degenerate with Σ D15(1775). In this case Σ S11(2000) in Table I would be
identified with a member of 210MS. We should also mention that we do not consider
possible configuration mixings, which would become important for such states as
N S11(1535) − N S11(1650), where 28MS and 48MS mix, 2), 17) and Σ S11(1750) −
Σ D13(1940) − Σ S11(2000), where 28MS, 48MS and 210MS mix. 18)

In Fig. 2, the horizontal axes are labeled by the spin-flavor representations,
which are grouped into N, Λ,Σ and ∆ states. The negative parity baryons have
a mixed symmetric (MS) spatial wave function and are all identified with members
of the 70-plet. In contrast, positive parity baryons can have either a symmetric (S for
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Fig. 2. Excitation energies of positive and negative parity states of the SU(3) baryons. States
listed in Table I (other than the Ξ baryons) are plotted. Data are taken from the particle data
group 15) and the energies are measured from the ground states of SU(3) octet 28S and decouplet
410S. Those states with three and four stars are shown by solid bars and those with one and
two stars by gray bars. The theoretical DOQ prediction is plotted with the dashed lines, with
the orbital angular momentum shown in the right part of the figures. For D35(1930) we cannot
assign a quantum number. The labels on the horizontal axis are 2S+1Dσ for representations of
SU(2) × SU(3) − SU(6). Further details are explained in the text.
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Figure 1: Excitation energies of various baryon states. Plots for u; d; s flavors are from
ref. [2], with heavy baryon data are added.

(III). It takes the well-known form of determinant in the flavor space (detst) [4, 5]:

LIII � detst � s(1 + 
5) t (1)

It is shown that III causes the spontaneous symmetry breaking (SSB) of chiral sym-
metry that dresses the current quarks giving them finite masses, the emergence of
constituent quarks. At the same time chiral symmetry requires the presence of the
Nambu-Goldstone bosons, those are the pions. The constituent quarks and pions
(mesons) are used as building blocks of hadrons. For baryon structure the constituent
quarks are confined in the “quark core” region < 1 fm, and the pion forms the “me-
son cloud” around it, as sketched in Fig. 2. The gluons may also exist in the “quark
core” region and interact weakly. If we consider higher excited states and the average
inter-quark distance becomes large, then, the confinement force plays a sufficient role.
It was shown that the theory naturally have a cutoff �χ � 4�fπ � 1 GeV, where fπ
is the pion decay constant [6]. This is consistent with a typical instanton size � 0.2
fm, and also with the upper bound of the energy region where hadron resonances are
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prominent.

Figure 2: An intuitive view of baryon structure in terms of constituent quarks inside
the “quark core” region and “meson cloud” around it.

To summarize we have an effective theory of quarks and pions. Quarks interact
through the residual gluons, instantons and also pions. This setup of the effective
theory follows the idea of the well known chiral quark model of Manohar-Georgi and
can be the basis of the constituent quark model [6].

Parameters in the effective theory can be determined by comparing matrix elements
containing the parameters in the effective theory that can be compared with one or
few corresponding matrix elements which are conveniently computed by QCD, e.g., by
lattice QCD. This is the idea of the matching of the effective theory. Once parameters
are fixed an advantage of the effective theory is in its wide applicability to various
phenomena, with keeping the link with QCD.

Our purpose is to explain observed phenomena consistently from the light to heavy
flavored hadrons. The strategy is to measure and to utilize high quality data, and to
analyze them by the effective theory based on QCD.

2 Spectroscopy of 
 baryons
The 
 baryon is a system of three strange quarks, sss. In flavor SU(3) symmetry it is
assigned as a member of the decuplet representation, which was realized by the quark
model whose building blocks are the u; d and s quarks. Here in what follows, these
quarks are the “constituent” ones as we discussed in the previous section. Historically
nine short-lived baryons of the spin 3=2+ were known, four �’s, three ��’s and two
�’s fitting into the decuplet members, and the last piece 
 was predicted in the quark
model [7]. The confirmation of 
� particle in 1973 [8, 9] supported the validity of the
quark model based on the SU(3) flavor symmetry.

In reality, the SU(3) symmetry is broken by the mass of the s quark, which is heavier
than the almost equal masses of u; d quarks. The pattern of SU(3) breaking could
predict the mass of 
 under the equal mass spacing between the decuplet members.
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The broken SU(3) also leads to the obvious mass difference of the pion (mπ � 140
MeV) and kaon (mK � 500 MeV). This difference together with the singly flavored
nature leads to the unique features of the 
 baryons.

First the sss combination put some restrictions on the wave function due to the
Pauli’s exclusion principle. For example, the fact that spin of the ground state 

is 3/2 rather than 1/2 is precisely from that requirement. Similar restrictions apply
to excited states. Some consequences from the restrictions may manifest in the fine
structures of excited states. This will be discussed in Section 2.2.

Second is associated with the heavier mass of the kaon than that of the pion. In
fact, the pion is very light as it is the NG boson, and therefore, it in many cases plays
a role of radiation like a photon with the axial-vector nature. On the other hand, the
kaon when coupled to excited states, it plays not only a role of radiation but also a
role of a constituent forming hadronic molecule. This could be the reason that the
�(1405) can develop the molecular structure of �KN . A similar situation may occur in
excited states of 
’s, which is also the subject in Section 2.3.

Third, the 
 baryons do not couple to the pion due to isospin symmetry. There-
fore, without the meson cloud which exists in the light baryon structure, we may be
able to directly access to the quark core region of the baryons. Furthermore, we may
expect that an 
 baryon is smaller in spatial extension as compared to the light fla-
vored baryons which is surrounded by meson cloud. We will discuss a related topic in
Section 2.4

In the following we would like to discuss several unsolved/unsettled issues in hadron
physics. To solve these problems, we consider it very important to approach the
problems from various directions. High-intensity high-momentum negative kaon beams
with high purity will contribute to it by the study of 
 baryon spectroscopy.

2.1 Spin dependent interactions
One of the longstanding mysteries in hadron physics is in the (hyper-)fine structure
of spectrum associated with the spin-spin (ss) and spin-orbit (LS) interaction. The
difficulty in the spin-spin interaction has been in the attempt to explain the decuplet-
octet mass difference such as N� mass splitting, �M = M� �MN � 300 MeV. Having
the “ordinary path”, one would expect the one-gluon exchange (OGE) force between
the constituent quarks as one possible source of the splitting. But then one need to set
too large a coupling constant �S > 1, and if so perturbation calculation is no longer
available.

The difficulty in the spin-orbit interaction is in the almost degenerate LS multi-
plets such as S11(1535) and D13(1520) — denoted by N(1535)1=2� and N(1520)3=2�,
respectively, in Review of Particle Physics [1]. Here the notation is L2I 2J where L is
the orbital angular momentum of the scattering pseudoscalar meson and baryon which
form the resonant state, I is the isospin and J is the total angular momentum (For
hyperons with an integer I, the notation is LI 2J). The situation is similar in other
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expected multiplets as shown in Fig. 1. However, the use of the LS interaction derived
from the OGE leads to large splittings of order 100 MeV or more [10].

Let us look at the above situation in a little bit more detail. As in QED, the inter-
action mediated by OGE decomposes into Coulomb (color-electric), spin-spin (color-
magnetic) and spin-orbit interaction terms (and further terms †) in the non-relativistic
expansion for the interaction. The corresponding potentials are written for the color
�3 quark pair (ij) [11],

V Coul
ij (rij) = ��Coul

S

2

3rij

V ss
ij (rij) = �ss

S

16�

9mimj

�(rij)~si � ~sj

V LS
ij (rij) = �LS

S

1

3rij

 
1

m2
i

+
1

m2
j

+
4

mimj

~Lij � (~si + ~sj)

!
(2)

A single color coupling constant would have to determine the strengths of the three
terms, �Coul

S = �ss
S = �LS

S , but actually phenomenological fitting requires that they are
different, e.g., �Coul

S � 0:6, �ss
S � 1:2 and �LS

S � 0:08. The strength for the Coulomb
part is qualitatively consistent with the running coupling constant �S(Q) at Q � 1
GeV while the other two are considerably different from it. These values indicate the
anticipated problems; the spin-spin interaction �ss

S is too large, while the spin-orbit
interaction is suppressed. It was argued that the instanton induced interaction (III)
can help to fill the discrepancy. The III contributes to the spin-spin interaction with
the same sign as that of the OGE. It was shown that when the strength of III was fixed
to reproduce the �-�0 mass difference, about 40 % of the phenomenological strength
of �ss

S was brought by III. The III also contributes to the spin-orbit interaction which
is now with opposite sign to that of OGE. Using the above �S values, with the 40 %
of �ss

S � 1:2 added to �Coul
S � 0:6, we would find �Coul

S � 0:4�ss
S � 0:1 which agree

qualitatively with the phenomenologically determined value olorred�LS
S � 0:08.

The above examples are the evidences of the III interaction that may resolve the
mystery in the fine structure of baryon spectrum. It is shown that the OGE and III
depend differently on quark flavors. Therefore, systematic studies over the wide range
of flavors including 
 baryons will solve the unsolved/unconfirmed issues.

2.2 1P states – quark orbital excitation
The confined constituent quarks can be excited orbitally. The lowest excited state is
expected to be in P -wave with an orbital angular momentum L = 1. In the spin-flavor
SU(6) classification they form the 70-dimensional representation that are decomposed
into spin-flavor multiplets 2S+1N = 28;2 10;4 8 and 21. Here S is the total intrinsic spin
of the three quarks, S = 1=2; 3=2, and N the dimension of the flavor representation.

†In addition to these terms, there are antisymmetric LS and tensor terms.
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Among them, 28 and 48 are assigned to N , �, � and � baryons, and 21 to �(1405) and
�(1520). Then the 210 representation includes the P -wave 
 together with �;� and
� excited states. Because of their intrinsic spin S = 1=2, they form the spin doublet,
J = S+L = 1=2; 3=2, and their parity is negative due to the P -wave. It is emphasized
that in the standard picture, there must be 2S+1 or 2L+1 fold degeneracies depending
on whether S < L or S > L, respectively.

The 
(2012) which has been recently reported from Belle is a candidate of one of
the multiples [12]. The mass 2012 MeV is about 500 MeV above the expected ground
state when possible spin-spin interaction contribution is removed. Therefore, the state
is expected to be one of doublets of 210. Its decay width is as narrow as 6:4+2.5

�2.0 � 1:6
MeV. The decay 
(2012) ! � �K was studied in the quark model, resulted in a decay
width about 12 MeV for JP = 1=2� and about 6 MeV for JP = 3=2�. The width of
the JP = 3=2� state is narrower due to its D-wave nature of the decaying two-body
channel in the final state. Therefore, the quark model seems to prefer 3=2� state.

Assuming a two-body LS interaction, we need both L = 1 and S = 1, where L
and S are the orbital angular momentum and spin of an ss pair. However, such a
combination is not allowed due to the Pauli principle, when spin, flavor, orbital and
color wave functions are combined. Therefore, we expect that the LS splitting of 1=2�

and 3=2� is suppressed for these 
 states.
As anticipated the two-body spin-orbit interaction is derived from the OGE and

III interactions. In many cases they contribute with opposite signs, while in others
only the OGE survive due to flavor anti-symmetric nature of III and its suppression
for heavy quarks systems. Such relations are summarized in Table 1 for various baryon
states, where expectation not only for P -wave but also for D-wave excitations, where
in the latter the OGE from the III may exclusively contribute to the 
’s. In Ref. [13], a
phenomenological LS interaction was introduced resulting in significant splittings. One
possible origin of such an interaction would be three-body nature. The clarification of
the LS splitting is crucial to the systematic understanding for the baryon spectroscopy.

Table 1: Expected contributions of LS interaction to various baryons. In the second
line P and D denote the orbital angular momentum of quarks inside baryons. Positive
values A and B represent matrix elements of the LS interaction which depend on
baryon states, and their computations were performed, for instance, in Ref. [10]. The
symbol “?” indicates that there is no experimental data.


� N� �� ��
c

Orbit P D P D P D P D
OGE – +A +A +A +A +A +A +A
III – – �B �B �B �B – –
Sum 0 +A � 0 � 0 small small +A +A

Exp (MeV) ? ? � 0 � 0 36 ? 34 ?
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2.3 1P states – moleculars
Another interpretation has been proposed for 
(2012); since its mass is located approx-
imately 10 MeV below the �� �K threshold, it could be a �� �K molecular state [14, 15].
The formation of such a molecular state is expected near the threshold region of two or
more particles with some heavy mass. The �� and �K would be such. Though the kaon
is heavier than the pion, it also shares the properties of the NG boson when the chiral
interaction is effective. In this regards, the system shows an interesting feature; the
direct interaction for �� �K is absent, but the offdiagonal interaction to the coupling to

� with higher mass can drive an attraction. The decay width was also estimated by
chiral counting, expecting values consistent with the data [14]. The mechanism itself
is interesting, and deserves study. A caveat in this picture is that 1=2� state is not
easy to be explained.

To establish the nature of 
(2012) is an urgent issue in the present project. The
determination of basic properties of such as spin and parity, decay width, and also a
search of spin partner provides an important information to explore the 
 spectroscopy.

2.4 2S states, physics of the Roper-like states
Baryon resonances possessing the same spin-parity as that of the ground states are
of special interest. By now many such states are observed in a wide range of flavor
contents; N(1440)1=2+, �(1600)1=2+, �(1660)1=2+, �(1600)3=2+ and �c(2970)1=2+.
The nucleon resonance N(1440) has been known for long time as the Roper resonance,
while �c(2970) has been established only recently [16]. Furthermore, �c(2765) and
newly found �b(6072) [17, 18] are also expected to be their siblings. Interestingly all
of their masses are about 500 MeV above their corresponding ground states as shown
clearly in Fig. 1.

In the nucleon sector the problem has been known as too low mass of the Roper
resonance. In the quark model the 1=2+ state is realized as a radial (nodal) excitation
whose mass appears at around 1800 MeV which is obviously too high as compared to
the observed one of 1440 MeV. Related to this the quark model predicts the wrong
mass ordering; the Roper resonance appears higher than the negative parity state, for
instance N(1535)1=2�. A lowering mechanism has been proposed due to the meson
cloud around the quark core of u, d quarks [19,20]. Turning to the heavy quark sector,
due to the lowering of the �-mode, the observed states of positive and negative parities
appear as in the expected order with their mass values qualitatively consistent with the
quark model predictions. Thus another option to explain the equal excitation masses
is flavor dependent mechanism so as to cancel the natural flavor dependence in the
quark model. These two interpretations for the Roper resonance and siblings must be
converged.

To answer this question, information of � and 
 resonances are useful. The mass
of the strange quark is between those of light and heavy quarks, and therefore more
strange baryons interpolate the light and heavy flavor dynamics, filling the missing

10



link between the two. As anticipated, with the suppression of the meson cloud the 

baryons provide an ideal platform to extract the dynamics of the constituent quarks.
This is particularly expected in the study of various transitions such as radiative decays

� ! 

 and kaon decays 
� ! � �K since the decay rates are sensitive to the forms
of the wave functions.

The decay of the Roper-like state through one kaon emission 
� ! � �K may contain
interesting physics. The decay occurs by the chiral interaction between the NG kaon
and quarks,

Lϕqq =
gqA
fπ

�q
µ
5�aq @
µ�a (3)

where �a is the flavor SU(3) NG boson field and gqA � 1 [21] the axial coupling con-
stant of the quark. In the previous publications, the Lagrangian was expanded non-
relativistically and took up to the first order in the velocity v � p=m of the quarks
where p is the momentum of a quark inside the baryon,

Lπqq � gqA
fπ

 
~� � ~q +

!π

2mq

(~� � ~q � 2~� � ~p)
!

(4)

The problem of the truncation up to this order is in the fact that the leading term
of order v0 vanishes exactly due to the operator structure of ~� � ~q where ~q is the
momentum carried by the kaon, and the orthogonality between the wave functions
of the radially excited and ground states in the long wave length limit. Such a kind
of forbidden process was originally pointed out in the radiative decay of the nucleon
Roper resonance [22]. The next to leading order term of v1 also turns out to be small.
Actual computation shows that these terms (and similar studies) predicted only small
decay widths which contradicts the observed data [23, 24].

Thus next-next to leading order term of v2 is important. Explicitly

L � gqA
fπ

 
m2

π

8m2
q

~� � ~q +
1

4m2
q

~� � (~q � 2~p) � (~q � ~p)

!
(5)

The second term is the dominant term which results in the transition matrix element
as proportional to hp2i � 1=hr2i, which survives in the long-wave length limit with
no forbidden selection rule applies. Physically, we can interpret that the transition
rate is dictated by the Fermi motion of the confined quarks and hence the inversely
proportional to the size of the quark core of baryons. It was shown that such higher
order term contributed significantly to the decay width of the heavy baryons and
improved the agreement with the data [23]. A preliminary calculation show the decay
width of the Roper-like 
 is around 100 MeV after the inclusion of the v2 contributions,
while the terms of order v0 and v1 give only around 20 MeV. The small value in the
lower order terms is qualitatively consistent with the previous studies.

After discussing this much about the Roper-like 
, it is very important to observe
the state and to measure the width. The width is interesting in that it carries the
information of the internal motion of constituent quarks in the core region which is
related to the size of that region.

11



3 Conceptual design for the K10 beam line
High-intensity high-momentum negative kaon beam with high purity is a crucial ingre-
dient for the proposed experiment. Therefore, the K10 beam line under discussion in
the project ”Hadron hall extension” is the only place where the proposed experiment
can be performed.

Two options are under consideration for the particle separation at the K10 beam
line; an ordinary electrostatic (ES)-separator option and an RF-separator option. The
ES-separator option can be applied up to 4 � 6 GeV/c. In contrast, the RF-separator
option is suitable for higher momentum. By making a common design at the front-end
section of both options of the beam line, we can switch the separation method without
accessing the high-radiation area. The production angle of secondary beams is chosen
to be 3 degrees, which is smaller than those of the K1.8 and K1.1 beam lines, because
the production cross-sections of K� and �p at 3 degrees are about five times larger than
those at 6 degrees, according to the empirical formula by Sanford and Wang [25]. Since
the separation by an ordinary ES separator is proportional to 1=p3, the separation is
much difficult for the momentum higher than 4 GeV/c (K�) or 6 GeV/c (�p). Therefore,
we need RF separators to handle such a high-momentum region, which is essential for
the proposed experiment.

The principle of the particle separation by using RF cavities is schematically shown
in Fig.3. In this method, two RF cavities (RF1 and RF2) are located in the beam line,
and the optics between the two cavities are set so that the transport matrix is equal
to “�I”. If the RF amplitude of the two cavities are the same, the sum of the beam
deflection from the two cavities is

D = �A sin (!t) + A sin (!t+ ��) (6)

= 2A sin
��

2
cos

 
!t+

��

2

!
; (7)

where !t is the phase at the first cavity, and �� the phase difference between the two

p

K

pK

t t

RF1 RF2

“-I” optics

central 
stopper

Figure 3: The principle of the particle separation using two RF cavities.
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for �� is always canceled, usable is the momentum region in which the deflection for
K� or �p is large.

cavities. The minus sign in the first line comes from the “�I” optics between the two
cavities. The amplitude A is given by

A =
eEl

pc�
; (8)

where e, p, and � are the charge, momentum, and velocity of the particle, respectively,
and E and l denote the field gradient and the effective length of the cavity, respectively.
When the phase at the second cavity is set to be same as that of the first cavity for
an unwanted particle, namely �, the deflection of the particle is canceled in whichever
phase it passes the first cavity, and it is absorbed with a central stopper downstream.
On the other hand, the phase of the second cavity for particles with the other mass
and velocity (K� or �p) differs by

��u
w =

2�fL

c

 
1

�w
� 1

�u

!
(9)

� �fL

c

m2
w �m2

u

p2c2
; (10)

they are deflected by 2A sin �ϕu
w

2
in maximum depending on the phase at the first cavity,

and pass outside of the central stopper. Here, f is the RF frequency, L the distance
between the two cavities, p the momentum, and �w/�u and mw/mu are the velocities
and masses of the wanted/unwanted particles, respectively.

For example, assuming �� as an unwanted particle, the momentum dependence of
the deflection amplitude for K� and �p in the case of f = 2:857 GHz and L = 16:8 m
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Figure 5: Layout of the RF option of the K10 beam line.

is plotted in Fig.4. The deflection for the wanted particle is also canceled in the
momentum range corresponding to

��u
w = 2n� (n = 1; 2; 3; :::); (11)

whereas the deflection get maximum in the range satisfying

��u
w = (2n� 1)� (n = 1; 2; 3; :::): (12)

Another operation mode can be considered where the phase of the second cavity is
tuned to be same as that of the first cavity for a wanted particle (K� or �p). Then the
deflection of the wanted particle is always canceled, while the unwanted particle (��)
is deflected depending on the phase difference and is eliminated with a slit.

The layout of the RF-separator option of the K10 beam line is presented in Fig.5,
and the beam envelope calculated with the TRANSPORT code [26] is shown in Fig.6.
The total length of the beam line is 80:7 � 81:2 m depending on the configuration
of the beam spectrometer. The RF frequency and the distance between the cavities
are set to 2.857 GHz and 16.8 m, respectively. The effective length of the cavities is
2.25 m.

The beam line consists of three sections; the front-end section, the separation sec-
tion, and the analyzing section. In the front-end section, secondary beams generated at
the production target are extracted from the primary beam line, and focused vertically
at the intermediate (IF) slit to reduce so-called “cloud �”. The optics are also tuned
to make beams almost achromatic at the IF slit. In the separation section, the optics
is tuned to obtain a parallel and narrow beam at the RF cavity, and the transport
matrix of “�I” is realized between the cavities by using four quadrupoles with same
field gradient. After analyzed with a beam spectrometer, the beam is focused to an
experimental target both in horizontal and vertical directions.

As for the beam spectrometer, we have two types of the configuration. Type I
consists of two dipole magnets and three quadrupoles with the order of QDDQQ, as
shown in Fig. 6. In the transport matrix of the section from VO to VI, the condition
of the point-to-point focus is satisfied in the horizontal direction (R12 = 0), and the
magnification (R11) and the dispersion (R16) are �1:627 and �0:635 cm/%, respec-
tively. By assuming the position resolution of tracking devices located at VO and VI
is �x = 300 �m, the expected momentum resolution is �p =

p
1+R2

11

jR16j �x = 0:090 %.
Another design, Type II, has a QQDDQ configuration (Fig. 7). It also realizes

the point-to-point focus (R12 = 0) from VO to VI, and has the magnification of
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Figure 6: First-order beam envelope of the RF option of the K10 beam line. The
upper and lower show the vertical and horizontal directions, respectively. The dash
line indicate the horizontal dispersion.

R11 = �0:228 and the dispersion of R16 = �0:354 cm/%. The expected momentum
resolution, therefore, is 0.087 %.

Compared with Type II, the vertical beam size in the analysing section in Type I
is so large that it causes a transmission problem when the phase of the second cavity is
tuned to ��’s (�-tuned mode). Type I spectrometer, therefore, can be used only with
a slit in a K-tuned or a �p-tuned mode. On the other hand, Type II can be operated
with a central stopper in a �-tuned mode as well as a slit in a K- or �p-tuned mode.

Table 2 lists the result of the beam simulation using DecayTURTLE [27] for each
type of the beam spectrometer and the operation mode, assuming the beam loss of
25 kW at the production target and the spill repetition of 5.2 s. The horizontal and
vertical beam profiles are shown in Fig. 8. Type II has an advantage in terms of
intensity and purity, whereas Type I provides a much smaller beam spot size at the
experimental target.
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Figure 7: Same as Fig.6 but for Type II of the beam spectrometer.

Table 2: Expected K� intensity per spill and purity (K�:��) of the RF option of the
K10 beam line. The beam loss of 25 kW at the production target and the spill repetition
of 5.2 s were assumed. The production cross-section was calculated by using Sanford
and Wang formula. Decay muons and so-called “cloud-�” were not included. Slit
conditions were varied to achieve a moderate purity for each case. The field gradient
of RF cavities was also varied in the range from 5 to 9 MV/m.

Type I (QDDQQ) Type II (QQDDQ) Type II (QQDDQ)
K-tuned mode �-tuned mode K-tuned mode

5 GeV/c 3:9 � 106 (1:7.0) 5:4 � 106 (1:3.5) 6:1 � 106 (1:7.8)
6 GeV/c 5:2 � 106 (1:5.0) 7:3 � 106 (1:2.6) 8:4 � 106 (1:5.4)
7 GeV/c 6:0 � 106 (1:4.8) 8:3 � 106 (1:2.1) 9:4 � 106 (1:5.1)
8 GeV/c 5:8 � 106 (1:5.7) 7:9 � 106 (1:2.1) 9:1 � 106 (1:6.1)
9 GeV/c 4:9 � 106 (1:7.3) 6:7 � 106 (1:2.1) 8:0 � 106 (1:7.6)
10 GeV/c 4:0 � 106 (1:9.4) 4:7 � 106 (1:2.5) 6:4 � 106 (1:10.0)
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Type I (K-tuned mode) Type II (�-tuned mode) Type II (K-tuned mode)
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Figure 8: Expected beam profile at the final focusing point for each type of the beam
spectrometer and the operation mode.
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4 Experiment
We plan to study the masses and decays of excited 
 baryons (
�s) in the K� p !

�� K+ K�0 and K� p ! 
�� K+ K0 reactions at incident kaon momenta ranging
from 7 to 10 GeV=c. Figure 9 shows the schematic view of the production mechanisms
of 
�s in the K�p reaction, and their decay. The mass of a produced 
� including
the ground-state 
 (
(�)) can be determined in a missing-mass technique using the
four-momenta of the initial-state K� p and final-state K+ K+ �� (K+ �+ ��) in the
K� p ! 
(�)� K+ K�0 (K� p ! 
(�)� K+ K0) reaction. Here, the selected events
are those in which the K+ �� (�+ ��) invariant mass should give the K�0 (K0 or KS)
mass. Since the four-momentum of the produced 
� is already given in the missing-
mass technique, the dominant decay mode 
�� ! �0 K� (
�� ! 
� �+ ��) can be
identified only by detecting the emitted K� (�+ ��) and calculating the mass of the
daughter �0 (
�) particle in a similar missing-mass technique. Both the production
and decay measurement of 
�s are essential in their systematic studies.

Figure 9: Schematic view of the production mechanisms of 
�s in the K� p reaction,
and their decay. The solid lines represent the initial- and final-state particles to be
directly detected. The dashed lines show unstable particles to be reconstructed from
kinematic variables of the detected particles. 
�s are expected to decay into �0 K�

(left) and 
� �+ �� (right).

4.1 Spectrometer
High-intensity high-momentum K� beam is necessary to produce 
(�)s effectively. At
such incident kaon momenta producing 
�s, high-momentum particles are likely to be
emitted at forward angles in the laboratory frame when we use a stationary target. A
spectrometer system with a dipole magnet covering the forward direction is suitable
to detect these particles to get high mass-resolution for 
�s. In this subsection, we
discuss the requirements for the spectrometer in 
 baryon spectroscopy and show a
possible candidate of the spectrometer at the K10 beam line.
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4.1.1 Requirements for observing 
�s

In 
 baryon spectroscopy, we have to primarily measure the excitation spectrum of

(�)s, and determine the angular distribution of a daughter particle from their decay.

(�)s are produced in the K� p ! 
(�)� K+ K�0 and K� p ! 
(�)� K+ K0 reactions
at incident kaon momenta ranging from 7 to 10 GeV=c. Since the 
(�)-produced events
are identified by the p(K�; K+K�0) and p(K�; K+K0) missing mass‡ with the K�0 !
K+ �� and K0 ! �+ �� decays, high acceptance is required for detecting the final-
state K+ K+ �� and K+ �+ �� particles. Additionally, high momentum resolution
is necessary for each of them to get enough high 
�-mass resolution (2.5–4.5 MeV in
�) for observing 
�s separately, and determining their width directly from the mass
spectrum. The daughter particles from the 
� decays should be detected in a wide
angular coverage for determining the spin-parity of an 
�. The requirements for the
spectrometer system are as follows:

• wide angular coverage of polar angles up to 30� for detecting the final-state
K+ K+ �� and K+ �+ �� particles,

• wide angular coverage of polar angles up to 45� for detecting the daughter par-
ticles from the 
� decays,

• high momentum-resolution of a few 10�3 (�)

• multi-layer tracking system to detect multiple particles, and

• high particle-identification power, the efficiency is higher than 97%, and mis-
identification fraction is lower than 1% for 0.2�8.0 GeV/c particles.

4.1.2 E50 spectrometer

A spectrometer satisfies these requirements to be constructed for the charmed baryon
spectroscopy experiment (J-PARC E50 [28]). Figure 10 shows the schematic view of
the E50 spectrometer. In the E50 experiment, the charmed baryons Y �+

c are produced
in the �� p ! Y �+

c D�� reaction. Similarly to the proposed experiment for 
 baryon
spectroscopy described in this proposal, the Y �+

c mass is determined in the E50 experi-
ment from the p(��; D��) missing mass by detecting the final-sate K+ �� �� particles
from the D�� decay. The daughter particles from the Y �+

c decay are also planned to
be detected. The E50 spectrometer is designed for detecting all the charged particles
produced in the �� p ! Y �+

c D�� reaction at an incident pion momentum of 20 GeV/c.
Emitted at forward angles are high-momentum particles from the D�� ! �D0�� decay

‡The reaction of interest is often denoted by T (I; S)R for scattering experiments in Nuclear Physics,
where I, T , S, and R stand for the incident, target, scattering, and recoil particles, respectively. We
use this notation also in Hadron Physics by using S for a set of detected particles, and R a set
of undetected particles. When R is comprised of a single particle, its mass can be calculated from
four-momenta p of I, T , and S: m2

R = p2R = (pI + pT � pS)
2. We call mR the T (I; S) missing mass.
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Figure 10: Schematic view of the spectrometer to be constructed for the E50 experi-
ment at J-PARC. It consists of a large dipole magnet, tracking detectors, time-of-flight
detectors, and particle-identification detectors. Some of tracking detectors and time-
of-flight detectors are placed inside the gap of the magnet (internal detectors).

followed by �D0 ! K+ �� as well as daughter particles from the Y �+
c decay. The

momentum of the emitted particles ranges from 0.2 to 16 GeV=c. The stationary tar-
get is placed just in front of the entrance of the dipole magnet. The details of the
E50 spectrometer are described elsewhere [29]. The E50 spectrometer is designed as
a multi-purpose system at the high-momentum beam line, and it can be used also in
the proposed experiment for 
 baryon spectroscopy.

The E50 spectrometer consists of a large dipole magnet, tracking detectors, time-
of-flight detectors, and particle-identification detectors. To determine the Y �+

c mass
from the p(��; D��) missing mass, it is necessary to measure the four-momentum
of the final-sate K+ �� �� particles. Since high-momentum K+ and �� from the
�D0 decay are emitted at forward angles, placed at forward angles are scintillating-
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fiber hodoscopes [30] behind the target, several drift chambers (DCs), and ring-image
Cherenkov detector (RICH) for the trajectory determination (momentum analysis),
time-of-flight (TOF) measurement, and particle identification, respectively. Additional
tracking and time-of-flight detectors are placed inside the gap of the magnet (internal
detectors) to detect the slow ��s emitted at forward angles from the D�� decay (not
from the �D0 decay) and daughter particles from the Y �+

c decay. These detectors should
have a wide angular coverage since the slow ��s cannot reach the exit of the dipole
magnet and since the daughter particles are emitted in a wide angle range. Placed in
front of the magnet yokes are the barrel-shaped DCs and high time-resolution TOF
detector wall consisting of resistive-plate chambers (PRCs) for detecting the slow ��

and horizontally-emitted Y �+
c daughter particles. The RPCs are also placed on the

pole pieces for detecting vertically-emitted Y �+
c . The scintillating-fiber hodoscopes and

DCs located behind the target are used not only for high-momentum K+�� particles
at forward angles but also for all the produced particles. To get high-counting rate
capability, the scintillating-fiber hodoscopes are planned to be used just behind the
target. They are also placed at upstream of the target for measuring the incident
momentum and profile, or (x; y) intensity map. To get the reference timing for all
the detectors, the fine-segmented acrylic Cherenkov counter (time-zero counter) [31] is
placed just in front of the target. Another RICH counter, Beam RICH [32], is used for
identifying incident particles in the secondary beam located at most upstream.

We plan to use a trigger-less streaming data acquisition (DAQ) system [33, 34] in
the experiment for 
 baryon spectroscopy. This DAQ system selects the events corre-
sponding to the reaction of interest without any hardware trigger (trigger-less). All the
detector signals are digitized in front-end electronics, and the digitized data fragments
are continuously transfered (streaming) to a personal computers (PCs). The events
of interest are selected using software on PCs by combining the streaming data frag-
ments. In a streaming DAQ, a complicated hardware trigger system is not necessary,
which makes a busy time for processing an event corresponding to a trigger. We are
developing this streaming DAQ system for the E50 experiment as well as a special time-
to-digital converter (TDC) for a continuous time measurement without any external
trigger. We have tested and successfully demonstrated a prototype DAQ system [33,34]
using high-intensity electrons and positrons converted from a bremsstrahlung photon
beam at the Research Center for Electron Photon Science, Tohoku University [35]. The
streaming DAQ system allows us to make the DAQ efficiency close to 100% without
any trigger bias.

Before performing 
 baryon spectroscopy at the K10 beam line, we need some pilot
experiments at the existing high-momentum beam line for measuring cross sections for
the elementary processes of multi-strangeness production and studying excited states of
hyperons. Although the E50 spectrometer satisfies the proposed experiment at the K10
beam line, a new spectrometer dedicated to 
 baryon spectroscopy as well as studies
of the low-energy 
N scattering described in section B is desired to be construed at
the K10 beam line.
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���+�+�m�`���+�v �2�t�T�2�+�i�2�/ �B�b ���H�b�Q �#�2�i�i�2�` �i�?���M �R �J�2�o ���7�i�2�` �i�?�2 �+���H�B�#�`���i�B�Q�M�X

�A�i �B�b �/�B�{�+�m�H�i �i�Q ���+�+�m�`���i�2�H�v �/�2�i�2�`�K�B�M�2 �i�?�2 �r�B�/�i�? �Q�7 ���M
 (� ) �X �h�?�2 �Q�#�b�2�`�p�2�/ �T�2���F
�K�m�b�i �#�2 �K�Q�/�B�}�2�/ �#�v �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �K���b�b �`�2�b�Q�H�m�i�B�Q�M �Q�7 �k�X�8���9�X�8 �J�2�o �U� �V�X �h�?�2 �T�2���F
�K���v �#�2 �/�B�z�2�`�2�M�i �B�M �b�?���T�2 �7�`�Q�K �i�?�2 �"�`�2�B�i�@�q�B�;�M�2�` �7�m�M�+�i�B�Q�M �Q�r�B�M�; �i�Q �i�?�2 �Q�p�2�`�H���T �r�B�i�?
�Q�i�?�2�` �T�2���F�b ���M�/ �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b�- ���M�/ �B�M�i�2�`�7�2�`�2�M�+�2 �r�B�i�? �Q�i�?�2�` �T�`�Q�+�2�b�b�2�b�X �h�?�2

�k�3



�h���#�H�2 �e�,K � p �+�`�Q�b�b �b�2�+�i�B�Q�M�b �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b �2�b�i�B�K���i�2�/ �#�v �C���J
�i�Q�;�2�i�?�2�` �r�B�i�? �i�?�Q�b�2 ���b�b�m�K�2�/ �7�Q�` �i�?�2 �b�B�;�M���H
 � �@�T�`�Q�/�m�+�2�/ �T�`�Q�+�2�b�b�2�b�X �h�?�2 �`���i�B�Q�b �Q�7 �i�?�2
�+�`�Q�b�b �b�2�+�i�B�Q�M�b �Q�7 �i�?�2
 � �@�T�`�Q�/�m�+�2�/K � p ! 
 �� K + K 0 ���M�/K � p ! 
 �� K + K � 0

�`�2���+�i�B�Q�M�b �i�Q �i�?�2 �#���+�F�;�`�Q�m�M�/K � p ! K + � � X ���M�/K � p ! K + K + � � X ���`�2 ���H�b�Q
�H�B�b�i�2�/�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�"�2���K � tot � K + � � � K + K + � � � 
 � K + K 0 � 
 � K + K � 0 �_���i�B�Q �(�W�) �_���i�B�Q �(�W�)
�(�:�2�o�fc�) �(�K�#�) �(� �#�) �(� �#�) �(� �#�) �(� �#�) � 
 � K + K 0

� K + � �

� 
 � K + K � 0

� K + K + � �

�d�X�y �k�8�X�e �9�e�j �R�X�3�y�k�X�y�y �y�X�y�8�y �y�X�9�j �k�X�3
�3�X�y �k�j�X�e �8�y�j �k�X�9�e�k�X�8�y �y�X�y�e�j �y�X�8�y �k�X�e
�N�X�y �k�j�X�k �8�9�3 �j�X�R�e�j�X�y�y �y�X�y�d�8 �y�X�8�8 �k�X�9
�R�y�X�y �k�k�X�e �8�3�8 �9�X�k�k�j�X�8�y �y�X�y�3�3 �y�X�e�y �k�X�y

���+�+�m�`���+�v �Q�7 �i�?�2 �r�B�/�i�? �/�2�i�2�`�K�B�M���i�B�Q�M �2�t�T�2�+�i�2�/ �B�b �#�2�i�i�2�` �i�?���M �R �J�2�o �7�Q�` ���M �B�b�Q�H���i�2�/
�"�`�2�B�i�@�q�B�;�M�2�` �T�2���F �r�B�i�? �� �r�B�/�i�? �Q�7 �R�y �J�2�o�X �q�2 �2�t�T�2�+�i �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �r�B�/�i�?
�/�2�i�2�`�K�B�M���i�B�Q�M �B�b �#�2�i�i�2�` �i�?���M �� �7�2�r �J�2�o �7�Q�` �?�B�;�?�@�K���b�b
 � �b�- �r�?�B�+�? ���`�2 �Q�p�2�`�H���T�T�2�/ �r�B�i�?
�Q�i�?�2�` �+�Q�M�i�`�B�#�m�i�B�Q�M�b�X

�9�X�j�X�k �a�T�2�+�i�`�m�K �7�Q�` �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b

�A�i �B�b �/�B�{�+�m�H�i �i�Q �2�b�i�B�K���i�2 �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M �+�Q�`�`�2�+�i�H�v �B�M �i�?�2
 (� ) �@�K���b�b �b�T�2�+�@
�i�`�m�K �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2K � p �`�2���+�i�B�Q�M �7�Q�` �b�2�p�2�`���H�@�:�2�o�fc �B�M�+�B�/�2�M�i �F���Q�M�b�X ���p���B�H���#�H�2
�2�t�T�2�`�B�K�2�M�i���H �/���i�� ���`�2 �[�m�B�i�2 �H�B�K�B�i�2�/ �B�M �i�?�B�b �K�Q�K�2�M�i�m�K �`���M�;�2�- ���M�/ �r�2 �+���M�M�Q�i �2�b�i�B�@
�K���i�2 �B�M�+�H�m�b�B�p�2 �+�`�Q�b�b �b�2�+�i�B�Q�M�b �Q�` �K�m�H�i�B�T�H�B�+�B�i�B�2�b �Q�7 �;�2�M�2�`���i�2�/ �T���`�i�B�+�H�2�b �2�p�2�M �B�7 �r�2 �}�M�/
�b�Q�K�2 �2�t�+�H�m�b�B�p�2 �+�`�Q�b�b �b�2�+�i�B�Q�M�b �B�M �� �T���`�i�B�+�m�H���` �`�2���+�i�B�Q�M�X �h�?�m�b�- �r�2 �m�b�2 �� �?���/�`�Q�M�@�`�2���+�i�B�Q�M
�;�2�M�2�`���i�B�M�; �+�Q�/�2 �+���H�H�2�/ �C���J �U�p�2�`�b�B�Q�M �R�X�N�y�8�N�d�V �(�9�k�) �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �2�b�i�B�K���i�B�Q�M ���b
�m�b�m���H�X �C���J �B�M�+�H�m�/�2�b �K���M�v �2�H�2�K�2�M�i���`�v �`�2���+�i�B�Q�M �T�`�Q�+�2�b�b�2�b ���i �r�B�/�2 �*�J �2�M�2�`�;�B�2�b�- �+�Q�p�2�`�@
�B�M�; �i�?�2 �`�2�b�Q�M���M�+�2 �`�2�;�B�Q�M �U

p
s < 4 �:�2�o�V�- �i�?�2 �b�i�`�B�M�; �`�2�;�B�Q�M �U4 <

p
s < 10 �:�2�o�V�- ���M�/ �i�?�2

�T�2�`�i�m�`�#���i�B�p�2�@�Z�*�. �U�T�Z�*�.�V �`�2�;�B�Q�M �U
p

s > 10 �:�2�o�V�X
�h�?�2 �b�i�`�B�M�; �`�2�;�B�Q�M �B�b �Q�7 �B�M�i�2�`�2�b�i �B�M �i�?�2 �T�`�Q�T�Q�b�2�/ �2�t�T�2�`�B�K�2�M�i�X �A�M �i�?�B�b �`�2�;�B�Q�M�- �i�?�2

�b�i�`�B�M�;�@�b�i�`�B�M�; �b�+���i�i�2�`�B�M�; �T�`�Q�+�2�b�b�2�b �K���B�M�H�v �;�2�M�2�`���i�2 �?���/�`�Q�M�b�X �h�?�2 �?���/�`�Q�M�B�x���i�B�Q�M �T�`�Q�@
�+�2�b�b �B�b �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �G�m�M�/ �b�i�`�B�M�; �K�Q�/�2�H �(�9�j�)�- �r�?�B�+�? �B�b ���H�b�Q ���/�Q�T�i�2�/ �B�M ���M�Q�i�?�2�`
�?���/�`�Q�M�@�`�2���+�i�B�Q�M �;�2�M�2�`���i�B�M�; �+�Q�/�2 �+���H�H�2�/ �S�u�h�>�A�� �(�9�9�)�X ���/�D�m�b�i�2�/ �B�M �C���J �i�Q �`�2�T�`�Q�/�m�+�2
�i�?�2 �2�t�B�b�i�B�M�; �2�t�T�2�`�B�K�2�M�i���H �/���i�� ���`�2 �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �Q�7 �i�?�2 �b�i�`�B�M�;�@�b�i�`�B�M�; �b�+���i�i�2�`�B�M�; ���M�/
�?���/�`�Q�M�B�x���i�B�Q�M �T�`�Q�+�2�b�b�2�b�, �M�Q �b�i�`�B�M�;�@�b�i�`�B�M�; �b�+���i�i�2�`�B�M�; �#�2�7�Q�`�2 �?���/�`�Q�M�B�x���i�B�Q�M�- �M�Q �+�Q�H�Q�`�@�~�Q�r
�/�m�`�B�M�; �i�?�2 �b�i�`�B�M�; �;�2�M�2�`���i�B�Q�M�- ���M�/ �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �`���i�B�Q�b �Q�7 �i�?�2 �;�2�M�2�`���i�2�/ �?���/�`�Q�M �`�2�b�Q�@
�M���M�+�2�b�X �h�?�Q�b�2 �+�Q�M�/�B�i�B�Q�M�b ���M�/ �?���/�`�Q�M �`�2�b�Q�M���M�+�2�b �+�Q�M�b�B�/�2�`�2�/ ���`�2 �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�Q�b�2 �B�M
�S�u�h�>�A���X �>�2�`�2�- �r�2 �/�Q �M�Q�i �m�b�2 �S�u�h�>�A�� �#�m�i �C���J �b�B�M�+�2 �r�2 �?���p�2 �7�Q�m�M�/ �C���J �`�2�T�`�Q�/�m�+�2�b

�k�N



�i�?�2 �2�t�T�2�`�B�K�2�M�i���H �/���i�� �#�2�i�i�2�` �i�?���M �S�u�h�>�A�� ���i �B�M�+�B�/�2�M�i �K�Q�K�2�M�i�� �Q�7 �b�2�p�2�`���H �:�2�o�fc���X
�h���#�H�2 �e �b�?�Q�r�b �i�?�2K � p �+�`�Q�b�b �b�2�+�i�B�Q�M�b �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b �2�b�i�B�@

�K���i�2�/ �#�v �C���J �i�Q�;�2�i�?�2�` �r�B�i�? �i�?�Q�b�2 ���b�b�m�K�2�/ �7�Q�` �i�?�2 �b�B�;�M���H
 � �@�T�`�Q�/�m�+�2�/ �T�`�Q�+�2�b�b�2�b�X
�q�2 �B�M�p�2�b�i�B�;���i�2K + ���M�/K + K + � � �T�`�Q�/�m�+�i�B�Q�M ���b �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b�X �h�?�2
�+�`�Q�b�b �b�2�+�i�B�Q�M �7�Q�` �i�?�2K + K + � � �@�T�`�Q�/�m�+�2�/ �2�p�2�M�i�b �B�b �7�Q�m�M�/ �i�Q �#�2 �i�r�Q�@�Q�`�/�2�` �b�K���H�H�2�`
�i�?���M �i�?���i �7�Q�`K + �@�T�`�Q�/�m�+�2�/ �2�p�2�M�i�b�X �h�?�m�b�- �i�?�2
 (� ) �@�K���b�b �b�T�2�+�i�`�m�K �Q�#�i���B�M�2�/ �B�M �i�?�2
K � p ! 
 (� )� K + K � 0 �`�2���+�i�B�Q�M �B�b �2�t�T�2�+�i�2�/ �i�Q �?���p�2 �H�Q�r �#���+�F�;�`�Q�m�M�/ ���b �+�Q�K�T���`�2�/
�r�B�i�? �i�?���i �B�M �i�?�2K � p ! 
 (� )� K + K 0�X ���/�/�B�i�B�Q�M���H�H�v�- �b�Q�K�2 �Q�7K 0 �+���M�/�B�/���i�2�b �`�2�+�Q�M�@
�b�i�`�m�+�i�2�/ �7�`�Q�K� + � � �+���M �#�2�K �b�Q �i�?���i �i�?�2
 (� ) �@�K���b�b �b�T�2�+�i�`�m�K �B�M�+�H�m�/�2�b �+�Q�M�i�`�B�#�m�i�B�Q�M�b
�7�`�Q�K� � ���M�/� � �@�T�`�Q�/�m�+�2�/ �2�p�2�M�i�b�X �A�i �B�b �M�2�+�2�b�b���`�v �i�Q �/�2�i�2�+�i �M�Q�iK 0 �#�m�iK � 0 �7�Q�` �`�2�/�m�+�@
�B�M�; �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b �B�M �i�?�2
 (� ) �@�K���b�b �b�T�2�+�i�`�m�K�X �q�2 �+���M �Q�#�i���B�M �i�?�2
 (� ) �@�K���b�b
�b�T�2�+�i�`�m�K �r�B�i�? �?�B�;�? �b�B�;�M���H�@�i�Q�@�M�Q�B�b�2 �U�a�f�L�V �`���i�B�Q �7�`�Q�K �i�?�2p(K � ; K + K � 0) �K�B�b�b�B�M�; �K���b�b
�r�?�B�+�? �;�B�p�2�b �Q�M�H�v ���MS = � 3 �b�v�b�i�2�K�X

�9�X�j�X�j �a�T�2�+�i�`�m�K �7�Q�` �i�?�2 �b�m�K �Q�7 �b�B�;�M���H ���M�/ �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b

�6�B�;�m�`�2 �R�e �b�?�Q�r�b �i�?�2 �2�t�T�2�+�i�2�/
 (� ) �@�K���b�b �b�T�2�+�i�`�m�K �B�M�+�H�m�/�B�M�; �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b
���i �i�?�2 �B�M�+�B�/�2�M�i �F���Q�M �K�Q�K�2�M�i�m�K �Q�7 �3 �:�2�o=c�X �h�?�2
 (� ) �K���b�b �B�b �+���H�+�m�H���i�2�/ �#�v �i�?�2
p(K � ; K + K � 0) �K�B�b�b�B�M�; �K���b�b�- ���M�/ �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M �Q�7K � p ! 
 (� )� K + K 0� �7�Q�` �2���+�?

 (� ) �B�b ���b�b�m�K�2�/ �i�Q �#�2 �e�j �M�#�X �h�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �7�Q�` �2���+�? �T�2���F �B�b� 3:3� 105�- �r�?�B�+�?
�+���M �#�2 �Q�#�i���B�M�2�/ �B�M �� �R�y�y�@�/���v �#�2���K �i�B�K�2�X �a�B�M�+�2 �i�?�2 �_�Q�T�2�`�@�H�B�F�2
 � �- 
(2160) � �- �?���b ��
�#�`�Q���/ �r�B�/�i�? �Q�7 �R�y�y �J�2�o�- �i�?�2 �2�p�2�M�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �B�i �B�b �/�B�b�i�`�B�#�m�i�2�/ �B�M �� �r�B�/�2 �`���M�;�2�-
�;�2�M�2�`���i�B�M�; �M�Q�i �� �T�2���F �Q�` �#�m�K�T �#�m�i �� �b�?�Q�m�H�/�2�`�X �� �T�2���F �Q�` �#�m�K�T �B�b �+�H�2���`�H�v �Q�#�b�2�`�p�2�/
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �2���+�? �Q�7 �i�?�2 �Q�i�?�2�`
 � �b �r�B�i�? �i�?�2 �M���`�`�Q�r�2�` �r�B�/�i�?�b�X �A�i �B�b �+�Q�M�+�H�m�/�2�/ �i�?���i
�r�2 �+���M �K�2���b�m�`�2 �i�?�2
 (� ) �@�K���b�b �b�T�2�+�i�`�m�K �r�B�i�? �?�B�;�? �a�f�L �`���i�B�Q ���i �i�?�2 �E�R�y �#�2���K �H�B�M�2�X
�1�p�2�M �B�7 �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M �b�K���H�H�2�` �#�v �� �7���+�i�Q�` �Q�7 �R�f�j�- �r�2 �+���M �b�i�B�H�H �`�2�+�Q�;�M�B�x�2 �i�?�2
 � �-

(2012) � �-
(2250) � �- ���M�/
(2380) � �T�2���F�b�X �6�B�;�m�`�2�b �R�d ���M�/ �R�3 �b�?�Q�r �i�?�2 �2�t�T�2�+�i�2�/
 (� ) �@
�K���b�b �b�T�2�+�i�`�� �B�M�+�H�m�/�B�M�; �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���i �i�?�2 �B�M�+�B�/�2�M�i �F���Q�M �K�Q�K�2�M�i�m�K �Q�7
�3 �:�2�o=c �#�v �`�2�/�m�+�B�M�;
 � �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b �b�2�+�i�B�Q�M�b �#�v �� �7���+�i�Q�` �Q�7 �R�f�R�- �R�f�j�- �R�f�R�y ���M�/
�R�f�j�y�X �A�7 �i�?�2
 � �@�T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b �b�2�+�i�B�Q�M �B�b �b�K���H�H�2�` �#�v �R�f�R�y �i�?���M �i�?���i �B�M �i�?�2 �Q�`�B�;�B�M���H
���b�b�m�K�T�i�B�Q�M �U�e�j �M�#�V�- �B�i �B�b �/�B�{�+�m�H�i �i�Q �B�/�2�M�i�B�7�v
 � �T�2���F�b �2�t�+�2�T�i �7�Q�` �i�?�2 �;�`�Q�m�M�/�@�b�i���i�2
 �

���M�/ �}�`�b�i�@�2�t�+�B�i�2�/
(2012) � �X �A�M �i�?�B�b �+���b�2�- ���M ���/�/�B�i�B�Q�M���H �K�2�i�?�Q�/ �B�b �M�2�+�2�b�b���`�v �i�Q �`�2�/�m�+�2
�i�?�2 �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b �7�Q�` �}�M�/�B�M�; ���M
 � �r�B�i�? �� �#�`�Q���/ �r�B�/�i�?�X

�9�X�j�X�9 �S�Q�b�b�B�#�H�2 �#���+�F�;�`�Q�m�M�/ �`�2�/�m�+�i�B�Q�M

�q�2 �T�H���M �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �K���b�b �b�T�2�+�i�`�m�K �Q�7
 � �b �Q�`�B�;�B�M���H�H�v �r�B�i�?�Q�m�i �m�b�B�M�; �B�M�7�Q�`�K���i�B�Q�M �Q�M
�i�?�2 �/���m�;�?�i�2�` �T���`�i�B�+�H�2�b �7�`�Q�K �i�?�2�B�` �/�2�+���v�X �>�2�`�2�- �r�2 �+�Q�M�b�B�/�2�` �i�Q �m�b�2 �i�?�2 �/���m�;�?�i�2�` �T���`�i�B�+�H�2�b
�7�Q�` �B�K�T�`�Q�p�B�M�; �i�?�2 �a�f�L �`���i�B�Q �B�M �i�?�2 �K���b�b �b�T�2�+�i�`�m�K�X �a�B�M�+�2 �i�?�2
 �� ! � 0 K � �/�2�+���v
�+�?���M�M�2�H �B�b �2�t�T�2�+�i�2�/ �i�Q �?���p�2 �� �H���`�;�2 �#�`���M�+�?�B�M�; �`���i�B�Q�- �r�2 �7�Q�+�m�b �Q�M �2�t�i�`���+�i�B�M�; �i�?�2 �2�p�2�M�i�b
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�B�b �+�?���M�M�2�H �7�`�Q�K �M�Q�r �Q�M�X �A�i �b�?�Q�m�H�/ �#�2 �M�Q�i�2�/ �i�?���i �;�2�M�2�`���i�2�/
 ��

�� �q�2 �?���p�2 �B�M�p�2�b�i�B�;���i�2�/ �#�Q�i�? �i�?�2 �+�Q�/�2�b�- ���M�/ �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �/���i�� �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/
�b�i�m�/�B�2�b �B�M �i�?�2 �1�8�y �2�t�T�2�`�B�K�2�M�i �7�Q�` �+�?���`�K�2�/ �#���`�v�Q�M �b�T�2�+�i�`�Q�b�+�Q�T�v �(�k�3�)�X

�j�y



�6�B�;�m�`�2 �R�e�, �1�t�T�2�+�i�2�/
 (� )� �@�K���b�b �b�T�2�+�i�`�m�K �B�M�+�H�m�/�B�M�; �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���i �i�?�2
�B�M�+�B�/�2�M�i �F���Q�M �K�Q�K�2�M�i�m�K �Q�7 �3 �:�2�o=c�B�M �� �R�y�y�@�/���v �#�2���K �i�B�K�2�X �h�?�2 �b�T�2�+�i�`�m�K �B�b �Q�#�i���B�M�2�/
�#�v �i�?�2p(K � ; K + K � 0) �K�B�b�b�B�M�; �K���b�b �7�Q�` �i�?�2 �;�2�M�2�`���i�2�/
 (� )� �@�T�`�Q�/�m�+�2�/ �2�p�2�M�i�b ���M�/
�#���+�F�;�`�Q�m�M�/ �T�`�Q�+�2�b�b�2�b�X �h�?�2 �b�K�Q�Q�i�? �#�H�m�2 �+�m�`�p�2 �`�2�T�`�2�b�2�M�i �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M
�2�b�i�B�K���i�2�/ �#�v �C���J�- ���M�/ �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b �7�`�Q�K �i�?�2 �;�`�Q�m�M�/�@�b�i���i�2
 � ���M�/
 �� �b ���`�2 ���H�b�Q
�T�H�Q�i�i�2�/ �B�M �`�2�/ ���M�/ �B�M �K���;�2�M�i���- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �K�B�b�b�B�M�; �b�v�b�i�2�K �B�Mp(K � ; K + K � 0)
�;�B�p�2�bS = � 3 �2�H�B�K�B�M���i�B�M�; �?�m�;�2 �#���+�F�;�`�Q�m�M�/ �7�`�Q�K� � �@�T�`�Q�/�m�+�2�/ �2�p�2�M�i�b�X

�+���M �/�2�+���v �B�M �b�2�p�2�`���H �+�?���M�M�2�H�b ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �C���J �T���`���K�2�i�2�`�b�X �6�B�;�m�`�2 �R�N�U���V �b�?�Q�r�b
�i�?�2p(K � ; K + K � 0K � ) �K�B�b�b�B�M�;�@�K���b�b �b�T�2�+�i�`�m�K �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �;�2�M�2�`���i�2�/
�#�v �C���J�X �A�M �6�B�;�X �R�N�U���V�- �T�2���F�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q� �- � 0�- ���M�/� � 0 ���`�2 �Q�#�b�2�`�p�2�/�X �h�?�2
�;�2�M�2�`���i�2�/ �2�p�2�M�i�b �B�M �C���J �B�M�+�H�m�/�2 �i�?�Q�b�2 �7�`�Q�KK � p ! K + K � 0 K � � 0(� ) �- �b�?�Q�r�B�M�; �i�?�2
� 0 ���M�/� � 0 �T�2���F�b�X �h�?�2 �2�p�2�M�i�b �7�Q�`�K�B�M�; �i�?�2� �T�2���F �+�Q�K�2 �K���B�M�H�v �7�`�Q�K �i�?�2 �/�2�+���v �Q�7 �i�?�2
�;�`�Q�m�M�/�@�b�i���i�2
 � �r�?�B�+�? �B�b �B�M�+�H�m�/�2�/ �B�M �C���J�X �A�i ���H�b�Q �+�Q�K�2�b �7�`�Q�K �i�?�2K � p ! � � K + �
�`�2���+�i�B�Q�M �7�Q�H�H�Q�r�2�/ �#�v �i�?�2� � ! � � � ���M�/� ! K + K � �/�2�+���v�b�X �a�B�M�+�2 �i�?�2 �r�B�/�i�? �Q�7
K � 0 �B�b �`���i�?�2�` �#�`�Q���/�-K + ���M�/� � �B�M �i�?�2 �}�M���H�@�b�i���i�2 �Q�7 �i�?�B�b �`�2���+�i�B�Q�M �b�2�[�m�2�M�+�2 �+���M �#�2
�B�/�2�M�i�B�}�2�/ ���bK � 0�X �.�2�i���B�H�2�/ ���M���H�v�b�B�b �Q�7 �i�?�2 �T�`�Q�/�m�+�i�B�Q�M ���M�/ �/�2�+���v �p�2�`�i�B�+�2�b �B�b �2�t�T�2�+�i�2�/ �i�Q
�`�2�K�Q�p�2 �i�?�B�b �#���+�F�;�`�Q�m�M�/ �T�`�Q�+�2�b�b�X �6�B�;�m�`�2 �R�N�U�#�V �b�?�Q�r�b �i�?�2p(K � ; K + K � 0) �K�B�b�b�B�M�;�@�K���b�b
�b�T�2�+�i�`�m�K �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b�X �� �T�2���F �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q
 � �+���M �#�2 �Q�#�b�2�`�p�2�/
�+�H�2���`�H�v�X ���#�Q�p�2 �i�?�B�b �T�2���F�- �� �?�m�;�2 ���K�Q�m�M�i �Q�7 �i�?�2 �+�Q�M�i�B�M�m�m�K �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b ���`�2
�Q�#�b�2�`�p�2�/ �r�?�B�+�? �T�`�2�p�2�M�i �m�b �7�`�Q�K �Q�#�b�2�`�p�B�M�; �?�B�;�?�H�v�@�2�t�+�B�i�2�/
 � �b�X �6�B�;�m�`�2 �R�N�U�+�V �b�?�Q�r�b �i�?�2

�j�R



�6�B�;�m�`�2 �R�d�, �1�t�T�2�+�i�2�/
 (� ) �@�K���b�b �b�T�2�+�i�`���- �Q�` �i�?�2p(K � ; K + K � 0) �K�B�b�b�B�M�; �K���b�b �b�T�2�+�i�`���-
�B�M�+�H�m�/�B�M�; �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���i �i�?�2 �B�M�+�B�/�2�M�i �F���Q�M �K�Q�K�2�M�i�m�K �Q�7 �3 �:�2�o=c �B�M ��
�R�y�y�@�/���v �#�2���K �i�B�K�2 �#�v �`�2�/�m�+�B�M�;
 � �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b �b�2�+�i�B�Q�M�b �#�v �� �7���+�i�Q�` �Q�7 �R�f�R�- �R�f�j�-
�R�f�R�y ���M�/ �R�f�j�y �7�`�Q�K �i�?�2 �i�Q�T �i�Q �#�Q�i�i�Q�K �T���M�2�H�b�X �h�?�2 �K���b�b �b�T�2�+�i�`�� ���`�2 �2�t�T���M�/�2�/ �7�Q�` �i�?�2
�;�`�Q�m�M�/�@�b�i���i�2
 � ���M�/
(2012) � �B�M �i�?�2 �H�2�7�i ���M�/ �`�B�;�?�i �T���M�2�H�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�j�k



�6�B�;�m�`�2 �R�3�, �1�t�T�2�+�i�2�/
 � �@�K���b�b �b�T�2�+�i�`���- �Q�` �i�?�2p(K � ; K + K � 0) �K�B�b�b�B�M�; �K���b�b �b�T�2�+�i�`���-
�B�M�+�H�m�/�B�M�; �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���i �i�?�2 �B�M�+�B�/�2�M�i �F���Q�M �K�Q�K�2�M�i�m�K �Q�7 �3 �:�2�o=c �B�M ��
�R�y�y�@�/���v �#�2���K �i�B�K�2 �#�v �`�2�/�m�+�B�M�;
 � �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b �b�2�+�i�B�Q�M�b �#�v �� �7���+�i�Q�` �Q�7 �R�f�R�- �R�f�j
���M�/ �R�f�R�y �7�`�Q�K �i�?�2 �i�Q�T �i�Q �#�Q�i�i�Q�K �T���M�2�H�b�X �h�?�2 �K���b�b �b�T�2�+�i�`�� ���`�2 �2�t�T���M�/�2�/ �7�Q�`
(2160) �

���M�/ �?�B�;�?�@�K���b�b
 � �b �B�M �i�?�2 �H�2�7�i ���M�/ �`�B�;�?�i �T���M�2�H�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�j�j



�6�B�;�m�`�2 �R�N�, �U���Vp(K � ; K + K � 0K � ) �K�B�b�b�B�M�;�@�K���b�b �b�T�2�+�i�`�m�K �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b
�;�2�M�2�`���i�2�/ �#�v �C���J�X �U�#�Vp(K � ; K + K � 0) �K�B�b�b�B�M�;�@�K���b�b �b�T�2�+�i�`�m�K �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/
�2�p�2�M�i�b�X �U�+�V �*�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �i�?�2p(K � ; K + K � 0) ���M�/ �i�?�2p(K � ; K + K � 0K � )
�K�B�b�b�B�M�; �K���b�b�2�b �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b�X �U�/�Vp(K � ; K + K � 0) �K�B�b�b�B�M�;�@�K���b�b �b�T�2�+�@
�i�`�m�K �7�Q�` �i�?�2 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b ���7�i�2�` �b�2�H�2�+�i�B�M�; �i�?�2 �2�p�2�M�i�b �M�2���`� 0 �K���b�b �B�M �i�?�2
p(K � ; K + K � 0K � ) �K�B�b�b�B�M�;�@�K���b�b �b�T�2�+�i�`�m�K�X

�+�Q�`�`�2�H���i�B�Q�M �T�H�Q�i �#�2�i�r�2�2�M �i�?�2 �i�?�2p(K � ; K + K � 0) ���M�/ �i�?�2p(K � ; K + K � 0K � ) �K�B�b�b�B�M�;
�K���b�b�2�b�X �"�v �b�2�H�2�+�i�B�M�; �i�?�2 �2�p�2�M�i�b �M�2���`� 0 �K���b�b �B�M �i�?�2p(K � ; K + K � 0K � ) �K�B�b�b�B�M�; �K���b�b
�b�T�2�+�i�`�m�K�- �r�2 �+���M �`�2�K�Q�p�2 �?�m�;�2 �#���+�F�;�`�Q�m�M�/ �+�Q�M�+�2�M�i�`���i�2�/ ���b �b�?�Q�r�M �B�M �6�B�;�- �R�N�U�+�V ���i
�� p(K � ; K + K � 0) �K�B�b�b�B�M�; �K���b�b �Q�7� 2:6 �:�2�o ���M�/ ��p(K � ; K + K � 0K � ) �K�B�b�b�B�M�; �K���b�b
�Q�7� 2:1 �:�2�o�X �6�B�;�m�`�2 �R�N�U�/�V �b�?�Q�r�b �i�?�2p(K � ; K + K � 0) �K�B�b�b�B�M�;�@�K���b�b �b�T�2�+�i�`�m�K �7�Q�` �i�?�2
�#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b ���7�i�2�` �b�2�H�2�+�i�B�M�; �i�?�2 �2�p�2�M�i�b �M�2���`� 0 �K���b�b �B�M �i�?�2p(K � ; K + K � 0K � )
�K�B�b�b�B�M�; �K���b�b �b�T�2�+�i�`�m�K�X ���b �+�Q�K�T���`�2�/ �r�B�i�? �6�B�;�X �R�N�U�#�V�- �i�?�2 �#���+�F�;�`�Q�m�M�/ �H�2�p�2�H �?���b �#�2�2�M
�`�2�/�m�+�2�/ �#�v �� �7���+�i�Q�` �Q�7 �f�R�y �Q�` �R�f�R�y�y�X �h�?�2 �a�f�L �`���i�B�Q �B�b �K�m�+�? �B�K�T�`�Q�p�2�/ �b�B�M�+�2 �i�?�2
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