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Abstract
We present the measurement of the reaction γp → K+π+π− (π−)miss p, with the
first observation of the f1 decay in the K+ KS

0 π− p channel. The specific final
state was identified by measuring the K+, π+, and π- mesons, and selecting a
second π− through the missing mass technique. Invariant mass cuts were
imposed on the π+ π− and π+ (π−) combinations to select for the intermediate
KS

0, so that the γp → K+ KS
0π− p reaction could be analyzed. To obtain a clear

selection, cuts were imposed on the incoming photon energy and the target
fiducial volume, based on the estimation of the reaction vertex through the
points of closest approach of pairs of tracks. Additionally, the KS

0 production
and decay were simulated using a phase space Monte Carlo. The f1(1285)
meson was clearly observed using the KS

0 selection, with a production
strength dependent on the momentum transfer. Additional activity was
observed at higher energies.

Introduction

Methodology
Software from the CLAS HASPECT (HAdron SPEctroscopy CenTer) group, based
on the ROOT framework, was used to skim reconstructed events and select
them.

Conclusion

Results

Shown below are the most likely decay modes of the intermediate states seen
in this analysis.

Figure 1: Particle identification quality. From 
top to bottom: pion, kaon, proton

Figure 2: Missing mass distribution, with peak 
around pion mass

Figure 3: Standard decay modes for KS
0, K*(895), and Λ0

By using information on the four momenta of the final state particles, the
intermediate states can be determined. Using a proper selection, the K+ KS

0 π−

reaction was studied to look for possible new signals.

Figure 4: (left to right) Invariant mass of π+ π−, π+ (π−)miss, K
+ π−, and p+ π− combinations

The peaks corresponding to intermediate state formation were fit within 1σ of
the mean for intermediate state selections. Cuts were placed on the incoming
photon energy and fiducial target volume for all events.

Figure 5: (left to right) Beam energy (2.4-4 GeV cut), primary vertex XY cross section, and Z 
position distribution.

Figure 6: (left to right) flight paths of KS
0 and Λ0 intermediate states

The invariant masses of particle pairs were plotted against each other to look
for correlated production of intermediate states. The KS

0 can be observed in its
π+ π− decay mode as a vertical stripe around its nominal mass on that axis (Fig 7
left). The K* is seen as a broad enhancement at the bottom of the K+ π−

invariant mass range. This excludes the possibility of correlated production of
KS

0 and K* in the same event. In Fig 7 right, the band corresponding to KS
0

production does not cross the Λ0 band, excluding correlated production of the
two intermediate states. The distribution of π+ π− mass vs π+ π−

miss mass was
plotted and found to be uncorrelated, so that each π− could be individually
selected.
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Figure 7: Left: Invariant squared mass of K+ π− vs invariant squared mass of π+ π−

Right: Invariant squared mass of p+ π− vs invariant squared mass of π+ π− system.

After making the selections applied to identify the K+ KS
0 π- p final state, the

invariant mass of the K+ KS
S π− system was histogrammed. A clean peak

appears at about 1280 MeV, corresponding to the f1(1285), and another
structure appears around 1450 MeV, never observed so clearly in a
photoproduction reaction.

Figure 8: Left: Invariant mass of the K+ π+ π- (π-)miss system with no cuts. 
Right: Invariant mass of the  K+ KS

0 π- system.

The invariant mass lineshape was also studied as a function of the four-
momentum transferred –t to study the f1 production yield as a function of
this variable.

Figure 9: final state invariant mass for the momentum transferred to the recoiling photon 

Figure 10: Gaussian Fit for large t

A Gaussian Fit on the first delivers as mass m = (1284.7 ± 1.8) MeV with 
width σ = 11.7 MeV. 

The observation of the f1(1285) state in the K+ KS
0 π− decay channel has not 

previously been made in any photon induced reactions. In fact, so far CLAS 
has only been able to observe it in the KK0

missπ and ηππ decay channels [1]. 
The dependence of its production strength on the squared transferred 
momentum is also a very interesting feature that has never been previously 
observed. The evidence for a possible further state that emerges at about 
1450 MeV, especially for low and mid-t values, is an unexpected result 
which deserves further investigations, possibly by studying other three-
particle systems in final states with different combinations of charged 
particles.

References: [1] CLAS Collaboration, R. Dickson et al., Phys. Rev C93 (2016)

The point of closest approach among track pairs was found to look for the
primary and secondary interaction vertices. Short-lived states showed shorter
flight paths.

Particle Beta vs Momentum
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The CLAS detector at Jefferson Lab, which operated on the 6 GeV CEBAF
machine until 2012, was a magnetic spectrometer able to track the particles
created in the interaction of a photon beam with the protons of a liquid
hydrogen target. Electrons from CEBAF pass through an electric field and are
slowed, creating photons through Bremsstrahlung. Drift chambers allow for
trajectory reconstruction, and a time of flight system provides accurate
particle identification through velocity measurement.
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1.0 GeV ≤ t < 2.0 GeV
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