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Why 𝝓-N bound state?

2

• The multiquark state is one of the active frontiers since the establishment of 
the quark model:


• Recently observed hidden charm pentaquark candidates PC(4380) and 
PC(4450) by LHCb


• The study of multiquark states is an approach to understand the dynamics of 
the strong interaction at the hadronic scale. 

In practice resonances decaying strongly into J/ p must have a minimal quark content
of ccuud, and thus are charmonium-pentaquarks; we label such states P+

c

, irrespective of
the internal binding mechanism. In order to ascertain if the structures seen in Fig. 2(b)
are resonant in nature and not due to reflections generated by the ⇤⇤ states, it is necessary
to perform a full amplitude analysis, allowing for interference e↵ects between both decay
sequences.

The fit uses five decay angles and the K�
p invariant mass m

Kp

as independent variables.
First we tried to fit the data with an amplitude model that contains 14 ⇤⇤ states listed by
the Particle Data Group [12]. As this did not give a satisfactory description of the data,
we added one P

+
c

state, and when that was not su�cient we included a second state. The
two P

+
c

states are found to have masses of 4380± 8± 29 MeV and 4449.8± 1.7± 2.5 MeV,
with corresponding widths of 205± 18± 86 MeV and 39± 5± 19 MeV. (Natural units are
used throughout this Letter. Whenever two uncertainties are quoted the first is statistical
and the second systematic.) The fractions of the total sample due to the lower mass and
higher mass states are (8.4± 0.7± 4.2)% and (4.1± 0.5± 1.1)%, respectively. The best fit
solution has spin-parity J

P values of (3/2�, 5/2+). Acceptable solutions are also found
for additional cases with opposite parity, either (3/2+, 5/2�) or (5/2+, 3/2�). The best
fit projections are shown in Fig. 3. Both m

Kp

and the peaking structure in m

J/ p

are
reproduced by the fit. The significances of the lower mass and higher mass states are 9
and 12 standard deviations, respectively.
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Figure 3: Fit projections for (a) m
Kp

and (b) m
J/ p

for the reduced ⇤

⇤ model with two P

+
c

states
(see Table 1). The data are shown as solid (black) squares, while the solid (red) points show the
results of the fit. The solid (red) histogram shows the background distribution. The (blue) open
squares with the shaded histogram represent the P

c

(4450)+ state, and the shaded histogram
topped with (purple) filled squares represents the P

c

(4380)+ state. Each ⇤

⇤ component is also
shown. The error bars on the points showing the fit results are due to simulation statistics.
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Why 𝝓-N bound state?

3

• QCD van de Waals force: the dominant (attractive) interaction between two hadrons 
when they have no common quarks


• Strong enough to bind a charmonium to a nucleus


• Enhanced at low relative velocities between the two hadrons, which supports the 
prediction that a nucleon/nucleus-charmonium bound state can be produced near the 
charm production threshold 


• Extension to strangeness:


• 𝝓 meson could also be bound to a nucleon/nucleus 


• Theoretical studies predict the existence of a 𝝓-N bound state, a recent study shows 
the mass of 1950 MeV and the width of 4 MeV, and the feasibility to search for this 
bound state at Jefferson Lab


• Some chiral quark model calculation and lattice QCD calculation also support the 
existence of such a kind of bound state 

✴ Our paper “Search for a hidden strange baryon-meson bound state from 𝝓 production in a 
nuclear medium”, Phys. Rev. C 95(2017)055202 

✴ H. Gao, T. S. H. Lee, and V. Marinov, Phys. Rev. C 63(2001)022201 
✴ F. Huang, Z. Y. Zhang, and Y. W. Yu, Phys. Rev. C 73(2006)025207 
✴ S. R. Beane et. al., Phys. Rev. D 91(2015)114503
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FIG. 6. The cross section of the Nss̄ bound state photoproduction
on a gold target.

we leave it to CLAS12 for possible detections. In addition,
the energy loss in the target is taken into account based on
the stopping power data by NIST [37], though the effect
is negligible when the target is very thin. For CLAS12,
the forward detector covers the polar angle from 5◦ to 35◦,
and the central detector covers the polar angle from 35◦ to
125◦ [38]. Because the BONUS12 is close to the target, the
K± decay effect is neglected if it is detected by BONUS12.
However, a weighting factor is multiplied by assuming a
2-m traveling distance if the K± is detected by CLAS12.
Concerning the sixfold configuration of the CLAS12 detector,
we add a weighting factor of 80% for each particle detected by
CLAS12 to account for the acceptance gaps in the azimuthal
angle. To have more realistic estimation, we also smear the
momentum, the polar angle, and the azimuthal angle of the
detected particles according to the detector resolutions [26,38].
The results are shown in Fig. 8. It shows that the momentum
cuts significantly reduce the background. However, the signal
rate in the region of 1940 MeV < M(pK+K−) < 1960 MeV
drops from 1.64/h before the momentum cuts to 1.50/h after
the cuts, i.e., only 10% signal events are removed by these

cuts. In addition, assuming a total detector efficiency of 50%,
we still have the signal rate as 0.75/h.

Apart from the electroproduction as the example we
presented above, the photoproduction can be a complementary
approach to search for the bound state. It will be possible if in
future the photon beam is available for CLAS12 in Hall B or
the flux of the photon beam is enhanced for GlueX in Hall D.
Experimental facilities other than those at Jefferson Lab may
also find opportunities.

V. DISCUSSIONS AND CONCLUSIONS

In this paper, we investigate the feasibility of the experimen-
tal search for the φ − N bound state Nss̄ , which is obtained
from the calculation in the QDCSM. It can be viewed as a
hidden strange pentaquark candidate.

We perform a calculation of the hidden strange light
baryon-meson system in the QDCSM. By solving the algebraic
resonating-group eigenequation, two bound states are found as
one with JP = 1

2
−

dominated by the Nη′ component and the
other one, labeled as Nss̄ , with JP = 3

2
−

dominated by the Nφ
component. Comparing with the single-channel calculations,
we find that the channel coupling effect in the model is
important to determine the existence of the bound state. The
decay properties of Nss̄ are calculated from the phase shifts
in the resonance scattering processes. As N and φ have no
common quarks, a narrow width about 4 MeV is obtained for
Nss̄ .

Based on the results of QDCSM, we calculate the Nss̄

photoproduction cross section on a gold target. As expected,
the cross section decreases with increasing photon energy
above the φ production threshold, because the probability of
the bound state formation drops as the relative momentum of
the Nφ system increases. Thus we propose to search for the
Nss̄ bound state in the sub- or near-threshold φ productions
from heavy nuclei.

The feasibility of the experimental search for the Nss̄

state is investigated via a simulation using the electron
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FIG. 7. The comparison between the signal and the background channels with the scattered electron detected by the forward tagger. The
plot (a) shows the comparison of the relative rate in the invariant mass spectra of the pK+K− system. The plot (b) shows the momentum
distributions of the proton and kaon produced from each channel. For better visibility, an equal number of points are plotted in (b) for each
channel, and the density of the points reflects the distribution. The black (dark) thick curve in (a) and the black solid round points in (b) are
from the signal channel with the proton and the two kaons decayed from the Nss̄ bound state. The blue (dark gray) dashed curve in (a) and the
blue hollow circles in (b) are also from the reaction with Nss̄ productions, but the proton is not decayed from the bound state.
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Production of 𝝓-N bound state
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• Sub-threshold and near-
threshold production of 𝝓 
meson inside a nuclear medium


• Then 𝝓 interacts with a nearby 
slow nucleon

GAO, HUANG, LIU, PING, WANG, AND ZHAO PHYSICAL REVIEW C 95, 055202 (2017)
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FIG. 4. The amplitude F (Q) of the Nss̄ bound state formation.
The Q is the relative momentum of the Nφ system.

the cross section is divided by a factor of Z/A = 79/197,
because the proton and the neutron are not differentiated in
our model calculation. In addition, the two kaons in the final
state are required to be K+K− because of the difficulty of the
K0

L detection. Assuming the same branch ratio of the K+K−

decay channel of the nucleon-bound φ meson as the one of the
free φ meson, 48.9% [32], we obtain the branch ratio of the
pK+K− decay channel for Nss̄ as 46.5% (see Table V).

Instead of the photoproduction, we perform the Monte
Carlo simulation of the electroproduction with one photon
exchange approximation as illustrated in Fig. 2, because
photon beams will not be readily available for CLAS12 in Hall
B at Jafferson Lab. The forward tagger [24], which covers the
polar angle 2.5◦ ∼ 4.5◦ and the energy above 0.5 GeV, can be
used to detect the scattered electron to select the low Q2 events.
Apart from the scattered electron, a triple coincident detection
of pK+K− in the final state is required to reconstruct the Nss̄

bound state.
In addition to the simulation of the signal channel, an

estimation of the background is necessary to validate the ex-
perimental feasibility. In this study, four background channels
are estimated. The first one is from the same reaction as the Nss̄

production process in Fig. 2, but the detected proton in the final
state is not from the bound state decay. The second one is the φ
meson production process without the formation of the bound
state. As mentioned above, the amplitude extracted from the

data in Ref. [34] is used in the simulation of this channel. The
third one is the production of "(1520)K+ with the "(1520)
decaying into pK−. Similar to the φ production case, the
amplitude of the near threshold production of "(1520)K+ is
extracted from the differential cross section data in Ref. [36].
In this process, the distributions of K+ and K− in the final state
are different. The fourth one is the direct K+K− production
near the threshold. In this case, we model the cross section by
using the amplitude of φ production but replacing the mass
with the invariant mass of the K+K− system. Actually the
value of this amplitude is not very critical, because we can
separate it from the signal as discussed below.

In the Monte Carlo simulation, we choose a 4.4-GeV
electron beam with a 100-nA beam current and a 0.138-mm
thickness gold target. It corresponds to the luminosity of
1035 eN cm−2 s−1. The masses of φ and "(1520) are sampled
according to the Breit-Wigner distribution. The particles from
decays are generated according to the phase space distribution
in the center-of-mass frame and then boosted to the laboratory
frame according to the four-momentum of the parent particle.
The mass and width of the Nss̄ bound state is chosen as
1950 MeV and 4.094 MeV according to the model calculation
results in Tables IV and V. In Fig. 7, the invariant mass
spectra of the pK+K− final state from the signal and the
background channels are compared. One can observe that the
signal overlaps with the background in the pK+K− spectra.

As suggested in Ref. [27], the signal could be separated
from the background by using the information of the proton-
kaon momentum correlation. In Fig. 7, we show the two-
dimensional distribution of the proton and kaon momenta
for each channel. It is clearly shown that the signal events
are in the low momentum region. Therefore we apply the
cuts p(K±) < 350 MeV and p(p) < 500 MeV to remove the
background events with relatively high momenta.

To improve the detection of the low momentum particles,
we propose to use both the CLAS12 and the BONUS12
detectors in Hall B at Jefferson Lab. The BONUS12 is designed
to be placed around the target with a polar angle coverage
from 20◦ to 160◦ to detect low momentum particles [26].
In the simulation, the BONUS12 is set to detect the proton
and charged kaons with momenta between 60 and 200 MeV.
For particles with momenta below 60 MeV, we assume no
detections, and for particles with momenta above 200 MeV,
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FIG. 5. The momentum (a) and the missing energy (b) distributions of nucleons inside a gold nucleus. The data are taken from Ref. [35],
and the curves are the extracted distributions we use in the calculation and the simulation.
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The nucleon momentum distribution of gold

The photo-production cross section 
of the 𝝓-N bound state on gold

The mechanism of 𝝓-N bound state 
electro-production on a nuclear target



How to detect it

5

• Dominate decay channel NKK (pK+K-) 
with 4MeV width


• Prefer photon beam or quasi-real 
electron beam for better yield


• Need to detect pK+K− below 500 
MeV and down to 50 MeV to 
optimize the signal detection and we 
can cut away high energy particles 
to suppress the backgroundSEARCH FOR A HIDDEN STRANGE BARYON-MESON . . . PHYSICAL REVIEW C 95, 055202 (2017)

TABLE V. The decay widths and branch ratios of each decay channel of Nss̄ bound state.

Decay channel QDCSM1 QDCSM2 QDCSM3

!i(MeV) !i/!(%) !i(MeV) !i/!(%) !i(MeV) !i/!(%)

Nη′ 0.002 0.1 0.022 0.5 0.009 0.2
#K 0.011 0.3 0.120 2.9 0.055 1.2
$K – 0.0 0.060 1.5 – 0.0
φ decays 3.619 99.6 3.892 95.1 4.616 98.6

IV. THE φ − N BOUND STATE PRODUCTION
ON A NUCLEAR TARGET

It is pointed out in Ref. [9] that the subthreshold production
of φ meson inside a nuclear medium will enhance the probabil-
ity of the formation of the φ − N bound state. In this section,
we take a gold target as an example to study the production
of the Nss̄ bound state, and show the feasibility of the
experimental search by simulation. For simplicity, we will only
present the results with the parameter set of QDCSM2, and
similar results are expected with the other two parameter sets.

As illustrated in Fig. 2, the reaction takes place in two steps.
First the φ meson is produced from a nucleon in a nuclear
medium, and then it interacts with another nucleon around to
form the bound state Nss̄ . The amplitude of the formation of
the bound state can be calculated from the effective potential
Veff(r) and the radial wave function R(r) as

F (Q) = ⟨Nss̄ |Veff|φ( Q),N (− Q)⟩

=
√

4π

(2π )3/2

∫
sin(Qr)

Qr
Veff(r)R(r)r2dr, (13)

where Q is the incoming momentum of the φ meson in the
center-of-mass frame of the Nφ system. Using the effective
potential and the wave function in Fig. 3, which are calculated
in the QDCSM, we get the amplitude result as shown in Fig. 4.

For the φ meson production, the amplitude is extracted
from the φ meson near threshold photoproduction differential
cross-section data in Ref. [34] via

dσ

d cos θ
= |M|2

32πqc(EN (qc) + qc)
Qc

Eφ(Qc) + EN (Qc)
, (14)

where M is the invariant amplitude, qc is the relative
momentum of the incoming γN system, and Qc is the relative
momentum of the outgoing φN system. The θ represents the
polar angle of the produced φ meson in the center-of-mass
frame with respect to the direction of the incoming photon.
The spin-dependent effects are neglected here. Namely the
extracted amplitude is spin averaged.

Because of the momentum mismatch, it is not likely to find
the Nss̄ bound state in the φ production from a proton target.
With the help of the Fermi motion, the probability of the bound
state formation is expected to be enhanced in the φ meson sub-
or near-threshold production from heavy nuclei. Therefore we
choose gold (197Au) as the target here. To describe bound
nucleons in a gold nucleus, we extract the momentum and the
energy distributions of nucleons inside a gold nucleus from
the data in Ref. [35]. Here we assume an isotropic momentum
distribution. The results are shown in Fig. 5.

Following the procedure in Ref. [9], we calculate the
total cross section of the Nss̄ bound state photoproduction
on a gold target. As shown in Fig. 6, the cross section of
Nss̄ photoproduction has a maximum below the threshold
Eγ = 1.57 GeV. This feature is consistent with the calculation
in Ref. [9]. As expected, the cross section drops with the
photon energy above the threshold because of the increasing
φN relative momentum.

To investigate the feasibility of an experimental search for
the Nss̄ bound state, we perform a simulation according to the
configuration of CLAS12 at Jefferson Lab. Based on the calcu-
lation in the previous section, the Nss̄ decay is dominated by the
φ meson decay. Thus the bound state can be reconstructed from
the NKK channel. Because of the detection issue, we restrict
the nucleon in the bound state to be a proton, which means
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FIG. 3. (a) The effective potential between φ and N . (b) The radial wave function u(r) = rR(r) of the bound state Nss̄ .
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The decay widths and branch ratios of each decay channel of 𝝓-N bound state
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Figure 2: The invariant mass spectra of pK+
K

� (upper left), pK+ (upper right), pK�

(lower left), and K

+
K

� (lower right) from di↵erent channels. The black curves show the
channel with pK

+
K

� from the bound state decay, the blue ones show the channel with
only K

+ and K

� from the bound state decay and the other proton in the bound state
production, the red ones show the channel with � meson production, the magenta ones
show the channel with ⇤(1520) production, and the light blue ones show the channel with
direct K+

K

� production. The pK

� spectrum of ⇤(1520) production channel is scaled by
a factor of 1/20, and the K+

K

� spectrum of the � production channel is scaled by a factor
of 1/50.

4

The invariant mass spectra of pK+K− 
from different channels
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Figure 3: The proton-kaon momenta distributions from di↵erent channels. The upper left
panel shows the momenta distribution of the proton and kaon decayed from the bound
state. The upper middle panel shows the momenta distribution of the proton associated
with the bound state production and the kaon decayed from the bound state. The upper
right panel shows the distribution of the proton associated with the � production and the
kaon decayed from the �. The lower left panel shows the distribution of the proton decayed
from ⇤(1520) and the K+ associated with the ⇤(1520) production. The lower middle panel
shows the distribution of the proton and K

� decayed from the ⇤(1520). The lower right
channel shows the distribution of the proton and kaon from direct two kaons productions.
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How to detect it

6

The proton-kaon momenta distributions from different channels, the proton and the kaons 
which are decay products from the bound state concentrate in the low momentum region

Primary

channel



Proposed experiment
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• Perform this measurement in Hall B using a gold foil target 
(LOI12-17-002)


• 4.4GeV 100nA electron beam on a 0.138mm gold foil target: 1e35 
nucleon luminosity


• The scattered electron would be detected by the forward tagger (2.5 
- 4.5 deg)


• Use BONUS12 to detect the proton, K+, and K- in the final state with 
momentum from 50 MeV to 250 MeV (proton up to 300 MeV)


• Use CLAS12 to detect the proton, K+, and K- in the final state with 
momentum larger than 300 MeV (depending on torus field)


• Use momentum cut to suppress out background



BONUS12

8

• Use BONUS12 detector to detect low energy kaons and protons 


• The gold foil target is located at the upstream entrance to maximize the 
forward angle acceptance 


• New: Use BONUS12 to do Kaon PID


• Simple study: A Geant4 simulation for the BONUS12 detector (by J. Zhang)
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9

• We expect kaons and protons can be identified below 250 MeV and pions can be 
suppressed with at least a factor of 10


• Further study is needed to verify its performance. 



Hall B Projection
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FIG. 6. The cross section of the Nss̄ bound state photoproduction
on a gold target.

we leave it to CLAS12 for possible detections. In addition,
the energy loss in the target is taken into account based on
the stopping power data by NIST [37], though the effect
is negligible when the target is very thin. For CLAS12,
the forward detector covers the polar angle from 5◦ to 35◦,
and the central detector covers the polar angle from 35◦ to
125◦ [38]. Because the BONUS12 is close to the target, the
K± decay effect is neglected if it is detected by BONUS12.
However, a weighting factor is multiplied by assuming a
2-m traveling distance if the K± is detected by CLAS12.
Concerning the sixfold configuration of the CLAS12 detector,
we add a weighting factor of 80% for each particle detected by
CLAS12 to account for the acceptance gaps in the azimuthal
angle. To have more realistic estimation, we also smear the
momentum, the polar angle, and the azimuthal angle of the
detected particles according to the detector resolutions [26,38].
The results are shown in Fig. 8. It shows that the momentum
cuts significantly reduce the background. However, the signal
rate in the region of 1940 MeV < M(pK+K−) < 1960 MeV
drops from 1.64/h before the momentum cuts to 1.50/h after
the cuts, i.e., only 10% signal events are removed by these

cuts. In addition, assuming a total detector efficiency of 50%,
we still have the signal rate as 0.75/h.

Apart from the electroproduction as the example we
presented above, the photoproduction can be a complementary
approach to search for the bound state. It will be possible if in
future the photon beam is available for CLAS12 in Hall B or
the flux of the photon beam is enhanced for GlueX in Hall D.
Experimental facilities other than those at Jefferson Lab may
also find opportunities.

V. DISCUSSIONS AND CONCLUSIONS

In this paper, we investigate the feasibility of the experimen-
tal search for the φ − N bound state Nss̄ , which is obtained
from the calculation in the QDCSM. It can be viewed as a
hidden strange pentaquark candidate.

We perform a calculation of the hidden strange light
baryon-meson system in the QDCSM. By solving the algebraic
resonating-group eigenequation, two bound states are found as
one with JP = 1

2
−

dominated by the Nη′ component and the
other one, labeled as Nss̄ , with JP = 3

2
−

dominated by the Nφ
component. Comparing with the single-channel calculations,
we find that the channel coupling effect in the model is
important to determine the existence of the bound state. The
decay properties of Nss̄ are calculated from the phase shifts
in the resonance scattering processes. As N and φ have no
common quarks, a narrow width about 4 MeV is obtained for
Nss̄ .

Based on the results of QDCSM, we calculate the Nss̄

photoproduction cross section on a gold target. As expected,
the cross section decreases with increasing photon energy
above the φ production threshold, because the probability of
the bound state formation drops as the relative momentum of
the Nφ system increases. Thus we propose to search for the
Nss̄ bound state in the sub- or near-threshold φ productions
from heavy nuclei.

The feasibility of the experimental search for the Nss̄

state is investigated via a simulation using the electron
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FIG. 7. The comparison between the signal and the background channels with the scattered electron detected by the forward tagger. The
plot (a) shows the comparison of the relative rate in the invariant mass spectra of the pK+K− system. The plot (b) shows the momentum
distributions of the proton and kaon produced from each channel. For better visibility, an equal number of points are plotted in (b) for each
channel, and the density of the points reflects the distribution. The black (dark) thick curve in (a) and the black solid round points in (b) are
from the signal channel with the proton and the two kaons decayed from the Nss̄ bound state. The blue (dark gray) dashed curve in (a) and the
blue hollow circles in (b) are also from the reaction with Nss̄ productions, but the proton is not decayed from the bound state.
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Figure 8: The invariant mass of detected pK

+
K

� from di↵erent channels, which are de-
scribed in the caption of Figure 2.

1.04GeV, P (p) < 0.8GeV, and P (K±) < 0.5GeV. The invariant mass spectra after these
cuts are shown in Figure 9.

Apart from the pK+
K

� channels, we also simulate the p⇡+
⇡

� channel to account for the
background due to ⇡/K misidentifications, because the cross sections for pion productions
is much larger than those of kaon productions. We assume that 10% pions are misidentified
as kaons. The comparison between the signal channel and this background is shown in
Figure 10.

Within the region 1935MeV < M(pK+
K

�) < 1965MeV, the signal rate is 0.75/h, and
the misidentified two-pions background rate is 3.13/h. If assuming 200 hours beam time,
we expect to have 150 signal events, and 626 background events. So the excess, 150, is
about 5� (� ⇡

p
150 + 626 = 28). We think total 25 days beam time, including 20 day for

production and 5 days for calibration, would be good for searching this bound state.

4 Discussions

Together with the hidden charm pentaquark candidates discovered by LHCb, the in-
vestigations of this hidden strange pentaquark candidate may unravel the flavor dependent
properties and the structures of multiquark states. So while the rewards are rich, we also
realize that the experiment is challenging in a number of aspects. In particular, using
BONUS12 detector to do kaon PID is new. We will work closely with its design and hard-
ware groups to study this. It could include fine tuning the design and planing some tests
during the experiment E12-06-113. More detailed background studies will be conducted
also with the valuable input from the upcoming CLAS12 and forward tagger data taking.

We plan to submit a full proposal to the PAC in the near future.
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• The top left plot shows the invariant 
mass spectra of pK+K− from pure model 
prediction


• The top right plot shows the proton-
kaon momentum distribution from 
different channel


• The bottom left plot shows the invariant 
mass spectra of detected pK+K− with 
BONUS12 and CLAS12

No 
Acceptance

With 
Acceptance



Hall B Projection
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Figure 6: The momentum-polar angle distributions of the detected proton and kaons from
the bound state. The left panel is the distribution of the detected proton, the middle panel
is the distribution of the detected K

+, and the right panel is the distribution of the detected
K

�.
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Figure 7: The momenta distributions of detected protons and kaons from di↵erent channels,
which are described in the caption of Figure 3.

9

φproton from N-

 (deg)θ
0 20 40 60 80

P 
(G

eV
)

0

0.5

1

1.5

2
φproton from N- φ from N-+K

 (deg)θ
0 20 40 60 80

P 
(G

eV
)

0

0.5

1

1.5

2
φ from N-+K φ from N--K

 (deg)θ
0 20 40 60 80

P 
(G

eV
)

0

0.5

1

1.5

2
φ from N--K

Figure 6: The momentum-polar angle distributions of the detected proton and kaons from
the bound state. The left panel is the distribution of the detected proton, the middle panel
is the distribution of the detected K

+, and the right panel is the distribution of the detected
K

�.

φpKK from N-

) (GeV)+P(K
0 0.5 1 1.5 2

P(
p)

 (G
eV

)

0

0.5

1

1.5

2
φpKK from N- φonly KK from N-

) (GeV)+P(K
0 0.5 1 1.5 2

P(
p)

 (G
eV

)

0

0.5

1

1.5

2
φonly KK from N-  productionφ

) (GeV)+P(K
0 0.5 1 1.5 2

P(
p)

 (G
eV

)

0

0.5

1

1.5

2
 productionφ

(1520) productionΛ

) (GeV)+P(K
0 0.5 1 1.5 2

P(
p)

 (G
eV

)

0

0.5

1

1.5

2
(1520) productionΛ (1520) productionΛ

) (GeV)-P(K
0 0.5 1 1.5 2

P(
p)

 (G
eV

)

0

0.5

1

1.5

2
(1520) productionΛ direct KK production

) (GeV)+P(K
0 0.5 1 1.5 2

P(
p)

 (G
eV

)

0

0.5

1

1.5

2
direct KK production

Figure 7: The momenta distributions of detected protons and kaons from di↵erent channels,
which are described in the caption of Figure 3.
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• The momentum-polar angle distributions 
of the detected proton and kaons from 
the bound state

CLAS12

BONUS12



Projected Results
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• Momentum cuts are applied to suppress the backgrounds


• M(pK±) < 1.48 GeV, M(K+K-) < 1.04 GeV, P(p) < 0.8 GeV, and P(K±) < 0.5 GeV 


• Also simulate the pπ+π- channel to account for the background due to π/K misidentifications


• Assume that 10% pions are misidentified as kaons 


• The signal rate is 0.75/h


• We propose 200 hours beam time for 150 signal events (25 days, 20 days for production 
and 5 days for calibration, need further evaluation at proposal time later)
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Figure 9: The invariant mass of the detectedpK + K ! after a set of cuts: M (pK ± ) <
1.48 GeV, M (K + K ! ) < 1.04 GeV, P(p) < 0.8 GeV, and P(K ± ) < 0.5 GeV.
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Figure 10: The comparison between the invariant mass distribution of thepK + K ! from
the bound state (black) and the one of thep! + ! ! production with the pions misidentiÞed
to kaons (red).
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The comparison between the invariant mass distribution 
of the pK+K− and the one of the pπ+π- misidentification

The invariant mass spectra of pK+K− 
with momentum cuts



Conclusion
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• The LOI for searching hidden strange pentaquark candidate at Hall B 
was submitted to PAC45 and received positive feedback from the PAC


• The CLAS12 main detector and the forward tagger together with the 
BONUS12 detector should be the best configuration for this proposed 
experiment.


• The experiment is challenging in a number of aspects. In particular, 
using BONUS12 detector to do kaon PID is new. We will work closely 
with its design and hardware groups to study this.


• More detailed background studies will be conducted also with the 
valuable input from the upcoming CLAS12 and forward tagger data 
taking. 


• We plan to submit a full proposal to the PAC in the near future. 



Thanks
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Figure 7: The momenta distributions of detected protons and kaons from di↵erent channels,
which are described in the caption of Figure 3.
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How to detect it
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The proton-kaon momenta distributions from different channels, the proton and the kaons 
which are decay products from the bound state concentrate in the low momentum region

Primary

channel
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zBoNuS vs zCLAS

•upper left: dE/dx vs. p/Z for He target

• lower left: dE/dx vs. p for deuterium target

•below RTPC+CLAS resolution for 
common e- events
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