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Summary of Proposal

A recent theoretical paper has shown that the scalar meson of strangeness 1, known
as the κ(800), contributes to K∗ photoproduction through t-channel exchange. A
proper description of K∗ photoproduction includes s, t and u channel diagrams, but t-
channel dominates at forward angles, which is ideally suited to the LEPS spectrometer
at SPring-8. Preliminary cross section data from CLAS, at larger angles, suggests
that the reaction γp → K∗0Σ+ has a significant contribution from κ-exchange (within
the theoretical model of Oh and Kim). If so, then the measurement of forward-angle
beam spin asymmetries for this reaction, where the theoretical calculations show an
unambiguous signal, would establish the role of the κ(800). This requires no change
to the LEPS detector, but does require a photon beam of between 2.5 and 3.0 GeV,
which is now possible at LEPS, although with reduced flux. Count rate calculations
suggest that sufficient statistics could be obtained in a 30-day experiment using a
15-cm long liquid hydrogen target.

Using the same beam-time as for the above experiment, a measurement of the
recoil polarization in the reaction ~γp → K+~Λ is proposed. Using the combina-
tion of linearly polarized photons and the parity-violating weak decay Λ → π−p,
double-polarization observables can be measured. These observables provide detailed
information on the production mechanism of K+Λ final state, which will constrain
theoretical models of this reaction.

The measurement of both K∗0Σ+ and K+Λ at once, in the same experiment,
provides important restrictions on models of strangeness production processes. Each
measurement alone is interesting in its own right, but together they provide a powerful
constraint for theoretical calculations.
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Detailed Description of the Proposed Research

1. Objectives and Impacts of the K
∗ Measurement

It is well known in the quark model of hadrons that mesons come in octet (plus a
singlet) groups. For the light meson octet, 4 mesons are non-strange and 4 mesons
contain either a strange quark or antiquark. The ground state octet consists of pions,
kaons and the η-meson. However, the assignments are not so clear for the higher-
mass mesons. The Particle Data Group [1], in their note on scalar mesons, states: ”In
contrast to the vector and tensor mesons, the identification of the scalar mesons is a
long-standing puzzle”. In particular, the κ-meson with a resonance pole at about 800
MeV is seen in many phenomenological analyses [2] and also in analyses of D-meson
decay [3], yet its existence is still contraversial.

The quantum numbers of the I=1/2 κ-meson is JP = 0+. It is considered to
be the positive-parity scalar partner of the kaon in a similar way as the σ-meson
partners with the η-meson. The difficulty to establish either the σ or the κ is that
their resonance widths are very broad (about 400 MeV or even higher) and hence
they are very difficult to see in partial wave analyses of meson scattering data. In the
case of D-meson decay [3], there is a need in the decay amplitude for D+ → K−π+π+

of an additional Kπ resonance, with the quantum numbers of the κ, which improves
the χ2 for their fit by a factor of 4. However, additional evidence is needed before the
κ meson can be established.

In terms of the quark model, the light scalar mesons are difficult to accommodate.
The assignments for JPC = 0++ are filled by the higher-mass a0(1450) and f0(1370)
plus f0(1710) mesons, along with the K∗(1430). In contrast, the light scalar mesons,
consisting of the a0(980) and σ plus f0(980) along with the κ, are usually consid-
ered as meson-meson (or 4-quark) states [4, 5] and are not included in the classical
quark model picture [1]. The a0(980) and f0(980) are firmly established, but their
interpretation as exotic 4-quark states are still in question. More information on the
structure of this group of resonance states is desired [6].

As mentioned above, the σ (also called the f0(600) by the PDG) has a width
almost equal to its mass, and certainly cannot be described as a typical Breit-Wigner
resonance. The κ is not much better, with a central mass of about 800 MeV and a
width of about half the mass. Definitive evidence for the σ and/or κ “mesons” would
provide a major step forward in establishing the existence of multi-quark states.

The experiment proposed here, to study the linear polarization observables for K∗

photoproduction off the proton, has been shown in theoretical models to be sensitive
to κ-meson exchange. One model [7] predicts substantial forward-angle polarization
effects in the energy range accessible at the SPring-8/LEPS facility. Hence this mea-
surement will provide new information on the κ meson, and perhaps lead to the
establishment of this meson (as a complement to D+ decay). Of course, theoreti-
cal progress is required to establish the κ, and such work would be stimulated by
experimental results.
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2. Theoretical Predictions of K
∗ production

In general, K∗ photoproduction is different from other vector mesons in that Pomeron
exchange is absent in the photoproduction of strange mesons. Hence, the reaction
mechanism for K∗0 photoproduction is different from the case of the neutral non-
strange mesons (ρ0, ω and φ) where the t-channel has a strong contribution from
Pomeron exchange. At low energies, meson exchange also contributes to the t-channel
ρ and ω photoproduction, but Pomeron exchange quickly becomes dominant as the
photon energy increases.

For K∗0 photoproduction, there are few ambiguities in the standard theoretical
models at forward angles. A single diagram dominates the t-channel, where a K0

is exchanged and absorbs the photon through the M1 multipolarity, which (in the
quark model) flips the spin of one of the quarks. The hadronic coupling of the K0 to
the proton, gKNΣ, is known from kaon scattering data. Also, the exchange of the K∗0

is suppressed, since only higher (non-spin-flip) multipolarities can contribute to K∗0

photoproduction. Furthermore, the contact term (seagull diagram) is proportional to
the vector meson change, and disappears for neutral K∗ produciton [7].

This results in a simple, controlled calculation for forward-angle K∗0 photopro-
duction. However, κ-exchange can also contribute to the t-channel, and so deviations
from the standard (no κ-exchange) model would provide clear evidence for the exis-
tence of the κ(800).

In Ref. [7], both γp → K∗+Λ and γp → K∗0Σ+ reactions are studied. These
reactions proceed by a different mechanism than for kaon photoproduction to the
same hyperon final states. In particular, κ(800) exchange is prohibitied in kaon
photoproduction, but can contribute for K∗ photoproduction. As mentioned above,
K∗ exchange is suppressed in the neutral channel K∗0 photoproduction, but is allowed
in K∗+ production, and so κ-exchange plays a significant role in the former but only
a mild role in the latter [7].

Predictions for the total cross section are shown in Fig. 1 for both K∗+ and
K∗0 photoproduction and compared with data from Jefferson Lab at Eγ = 3.0 GeV.
The solid line shows the model without κ-exchange, whereas the dashed line includes
κ-exchange. As expected, there is a larger contribution of κ-exchange for K∗0 pro-
duction, since K∗ exchange is absent in this case.

The parity asymmetry [7], given in terms of the spin density matrix elements by
Pσ = 2ρ1

1−1 − ρ1
00, is shown in Fig. 2 as a function of the center-of-mass angle θK∗ .

Here, there is a large effect of κ exchange in both K∗+ and K∗0 production at forward
angles. In other words, the parity asymmetry projects out the κ contribution in the
t-channel. In this case, scalar κ exchange has positive parity and the pseudoscalar
kaon has negative parity.

The parity asymmetry is closely related to the photon beam asymmetry, Σ =
(ρ1

11 + ρ1
1−1)/(ρ0

11 + ρ1 − 10), and when the helicity is conserved, they are almost
equal. This demonstrates the effectiveness of the beam asymmetry to isolate the
effects of a particular physics diagram.

The technique to extract the density matrix elements is known, and the details are
left to the Appendix (written by T. Mibe, along with notes from Y. Oh). Because the
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Figure 1: Total cross sections for (a) γp → K∗+Λ and for (b) γp → K∗0Σ+. The
dashed (solid) lines are the results without (with) κ-exchange in the model of Oh and
Kim [7].

effects shown in Fig. 2 are so large, it should be easy to see the effects of κ exchange
using the high linear polarzation of the LEPS beam.

3. Objectives of the K
+~Λ Measurement

An outstanding problem in baryon spectroscopy is the understanding of the missing
resonances. For example, the SU(6) × O(3) symmetry of constituent quark models
predict many more resonances than have been thus far observed. One solution is
to restrict the number of internal degrees of freedom by assuming that two quarks
are bound in a diquark pair, thus lowering the level density of baryon resonances.
Another possibility is that some of missing resonances tend to couple weakly to the
πN channel, but strongly to non-pionic or strange channels, such as KΛ and KΣ.

Strangeness photoproduction with polarization observables will provide additional
information about the baryon resonances and also provide constraints in identifying
these resonances, since most of our information on the baryon resonance spectrum
comes from the pion-induced or pion-production reactions. When the incoming pho-
tons are linearly (circularly) polarized, then this polarization may be transfered in
whole or in part to the spin orientation of the produced hyperons within the reac-
tion plane. Ox and Oz (Cx and Cz) characterize the polarization transfer from a
linearly (circularly) polarized beam to a recoiling hyperon along orthogonal axes in
the reaction plane.

Recent measurements of differential cross sections have been published by groups
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Figure 2: Parity spin asymmetry for (a) γp → K∗+Λ and for (b) γp → K∗0Σ+ at
Eγ = 3.0 GeV. The dashed (solid) lines are the same as the previous figure.

working at Jefferson Lab [8], Bonn [9], and Spring-8 [10]. Induced hyperon polariza-
tions, P , have also been published by Jefferson Lab [11], Bonn [12], and GRAAL [12].
The linear beam polarization asymmetry, Σ, was measured at SPring-8 [13]. Very
sparse data exist on the beam asymmetry, T , from Bonn. There has been presented
a preliminary result for recoil polarization observables, Ox and Oz induced by cir-
culary polarized photons at Jefferson Lab [15]. However no published data exist for
the hyperon recoil polarization observables Ox and Oz induced by linearly polaried
photons. A preliminary analysis for Ox and Oz at Spring-8 using existing data shows
limited statistics and limited kinematic coverage [16].

We propose to make high statistical measurements of the recoil polarization ob-
servables Ox and Oz of the photoproduction from the proton of two ground state
hyperons, namely the reactions ~γ + p → K+ + ~Λ and ~γ + p → K+ + ~Σ, where the
photon beam is linearly polarized. The data will be obtained using the LEPS de-
tector at Spring-8 for center of mass energies W between 1.9 and 2.5 GeV. These
measurements also utilize the newly constructed time-projection-chamber (TPC) to
improve kinematic coverage.

4. Recoil Hyperon Polarization Observables

The recoil hyperon polarization observables can be measured by taking advantage of
the fact that the Λ and Σ hyperons are self analyzing. When a linearly polarized pho-
ton beam and unpolarized proton are used, the three recoil polarization observables
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can be extracted from the expression of the polarized cross section:

dσ

dΩ
= σ0{1 + PlinΣ cos 2φ + PxPlinOx sin 2φ + PyP + PzPlinOz sin 2φ} (1)

where Plin is the linear photon polarization, and φ is the angle between the photon
polarization vector and the reaction plane.

The hyperon recoil polarizations are measured through the decay angular distri-
butions. The decay Λ → π−p has a parity-violating weak decay angular distribution
in the Λ rest frame. The decay of the Σ proceeds first via an M1 radiative decay to
a Λ. In either case, the recoil polarization is measured using the angular distribution
of the decay protons in the hyperon rest frame. This parity violating weak decay
distribution, I(cos θi), is given by

I(cos θi) =
1

2
(1 + αPi cos θi) (2)

where i = x, y, x is one of the three axes in the specified coordinate system and θi is
the proton polar angle with respect to the given axis in the hyperon rest frame. The
weak decay asymmetry, α, is taken to be 0.642.

5. Experimental method and apparatus

This measurement is ideally suited to the forward angles measured by the LEPS
detector and the energy of the linearly polarized photon beam available at BL33 at
SPring-8. The LEPS detector has been described elsewhere [17] and is unnecessary
to repeat here.

The only changes from the standard LEPS setup are:

1. a higher-frequency laser must be used in order to reach up to 3.0 GeV where
the calculations predict large effects;

2. the standard aerogel cerenkov counter must be replaced with a gas cerenkov
detector having a higher threshold for pions (pπ > 2 GeV/c will not trigger the
cerenkov veto).

The gas cerenkov can be the same as the one used for Sakaguchi’s experiment for
K0 detection. A slide from the presentation by Sakaguchi at the 2003 Hypernuclear
Conference is shown in Fig. 3. In the present case, the KS in the figure should be
replaced by the K∗ and the outgoing π+ should be replaced with a K+. As shown
in the figure, it is necessary to move the LH2 target further upstream, which will
slightly decrease the solid angle of the LEPS spectrometer.

The need for the gas cerenkov is shown by Fig. 4 where the momentum of the
π− from the decay of the K∗ is shown for various bins in the CM angle of the K∗.
This kinematic plot was generated using 2-body phase space for K∗Σ+ events with
photon energy between 2.5-3.0 GeV, in the range of lab angles where both K+ and
π− from K∗ decay are detected in the LEPS spectrometer. The momentum of the
π− has the majority of events above 1.0 GeV. The standard aerogel cerenkov counter
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has minimum index of refraction of n=1.008, which corresponds to a pion momentum
threshold of 0.999 GeV. Clearly, the aerogel cerenkov would veto most of the K∗

events, whereas the gas cerenkov, with its pion momentum threshold of 2.0 GeV will
not veto any K∗ events.

HYP2003 @ JLAB, 14-18 October
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Figure 3: The gas cerenkov detector used in the LEPS experiment for detection of
the π+π− pair from K0

s decay. This slide is taken from Ref. [18].

The target for this experiment will be the 15-cm long liquid hydrogen (LH2) vessel.
Because the cross sections are small (about 50 nb/sr at forward angles), the target
length should be as long as possible. The vertex reconstruction for two-particle decays
provides good enough resolution to cleanly separate the target from the start counter.

6. Beam Time Request

The photon beam flux with the new laser was measured [19] to be between 7 to 10
kHz per 0.1 GeV bin in the region from 1.5-3.0 GeV. The cross section in the region
from 2.5-3.0 GeV is about 60 nb/sr. Taking a cone of polar angle 20◦, the solid angle
is about 72 sr. Finally, the area number density of hydrogen nuclei for the 15 cm LH2
target is about 6× 1023 per cm2. Putting these numbers together, the average count
rate is:

R = (104/sec)(6 × 1023/cm2)(60 × 10−30cm2/sr)(72sr)

or about 26 counts per second for a perfect detector.
Of course, the detector is not perfect, so the actual count rate will be less. In

particular, the efficiency to detect both decay products from the K∗0 into the LEPS
solid angle is small, a few percent, and decreases as the K∗ angle increases. Also
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Figure 4: The pion momentum from the decay of the K∗ as a function of the cosine of
its CM angle. (This plot was provided by T. Mibe using a phase space distribution.)

there is the solid angle obscured by the lead blocker bar and the hole for the pair-
produced electrons at 0◦. Finally, there is the trigger efficiency and the deadtime of
the data acquisition system. Taking these effects into account, we expect about than
0.1 count/second over the entire solid angle, per 0.1 GeV bin of the photon beam
(e.g., from 2.8-2.9 GeV).

As shown in the appendix, we need about 10 bins in the azimuthal angle φ for
each polarization direction (horizontal and vertical). In addition, we want to bin the
data in polar angles of 2 degrees. This reduces the count rate per angular bin by a
factor of 100.

The background for K∗0 detection is not known, but based on data from CLAS,
we expect a peak-to-background ratio of about one-to-one. In order to fit the peak
cleanly, with this signal/noise ratio, we need about 1000 counts in the peak to obtain
a statistical precision in the peak fit of about 5%. Hence the total number of counts
over all bins is about 105 counts for each polarization direction.

For an expected rate of 0.1 counts/sec, about 8500 counts per day can be obtained,
or about 12 days to get 105 counts for each polarization direction, or 24 days total.
There will also be unexpected delays to to unknown trouble, and so we request 30
calendar days of running for the full experiment.

7. Experimental Schedule

It is desirable for the experiment to be scheduled in the summer, when classes are not
in session in the USA. This will allow for a long visit by the spokesman during the
run. It might also be possible to schedule the experiment to run during the month of
December, when there are no classes at Ohio University.
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This experiment does not require additional new equipment or any delay for de-
velopment of detection techniques. The experiment could, in principle, be scheduled
at the earliest opportunity.
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��� G�7 'H *8+� �� ��� � ������������� ��� ����� � �������� �� �����������������
��&����� �� � ��� ������ &����&��������� �������� �� ��� ���� ������ ��� E�� � 	�
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3���� �4 ����! ��� � ���  �� � � 2! ������������� ��� � &����&��������� ��� ������! �
&����&��������� *8+� �� ����� �� &���� ��� � &����&��������� �� �� "�� �� �� ���� ��������
������� ����������� �� �� ������� ����� �� ����� �� &���� ��� � &����&��������� �� ��
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9������ �� ���� ������� ������������� �� ������ &����&��������� ��� ������ �� ��
K;<- �������� ���� �� ���� �� �������� ����� ���������� *=+� 3���� 7 ����� ��������� ��
�	�� ! �5������  	 'H� �� ��� ���� ������� ��G? ! �� ! ���? ��� ���? ! �� ! ��7? 'H�
�� %������ �&��������� �����% ����� �� ����� �� ���� �� ,� ���� ���� �������
� ���� �! ����� �� � �7�8! ���� �� ���������� �� �������� �� ����������������� &������
�3�� 7��!!� 3���� 7��! ����� �� ������������ � ��� 2!� �� &������ ���� ��� E�� ��������
���� �� ������������� ���� ������� &����� %����� �� ����� ���� ���� ��� ��������� &�����
%����� ��� ������ %�����!� .��� ���� �������� ���� ������������ ���� ��������� &�����
%����� �� ��� �������� �� ��� ����� �� 3��� � ��� ������ �� ����� ����!� ���� �� ��)��
�� �� ����" " ���&���� �� ������ ��� �������� ���A�� ��������� �� �� IJ, ���� �� ��
���������� ������� ������������� � ��!� � �� 5 2! ��� � �2! �� �&���� �� 3��� 7��!� B�
������ ����������� ��� ������ %�&� ���� �� ������������� ��!� ��� ������ ��� �� ������
&����&��������� &���� �� ���������� �� ��������� �� ���� ������� ������������ �� �����
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"� �� �� ����� �� ������ ���������� �� ��������� ������ .��� ���� 9� *=+

���� �4 -&�� ������ �����% ����� �� ������ &����&��������� ����� �� ���� *=+�!

���� 	������ ������ ����� �� ��� � !�" #���� �����$ ��%�� �� ����� !�" #���� �����$

&�� '�'(% � '�'�' #'�''�$ '�')� � '�'�) #'�''*$

&�� '�' % � '�'�� #'�'�)$ '���' � '�'�� #'�'��$

&�� '��*% � '�'�) #'�''($ '��%� � '�' ' #'�'��$
&�� '�')% � '�'�+ #'�''($ '�'+( � '�' � #'�'��$

&�� �'�')% � '�')* #'�''+$ '�'*+ � '�'(� #'�')*$
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*�+ �� ,� ������ �� -� L� K� L� ��)�� ��� I� -��������� <���� 9�� ���� 	7=�	= ��GGG!�

*�+ M� -��������� <� -������ ��� '� ;� ����� B���� <���� ���� 7G? ��G?	!�

*7+ �� ,� ����� ��� �� -� L� K� <���� 9�� ���� 	
=�	= ��		7!� ��������	
	�		��

*8+ (� N����� � ���� <���� 9�� ��� 7�=	 ��G?7!�

*=+ �� O�� � ��� �K;<-!� <���� 9�� K��� 	�� �F�		� ��		=!� �������	�	�	���
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