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The objective is to understand the properties of the mesons which 
includes mass, width, quantum numbers and decay mechanisms.

Meson Spectroscopy

https://pdg.lbl.gov/2021/reviews/rpp202
1-rev-light-mesons-spectroscopy.pdf

Exotic states
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The channel of interest is ep→epX→e’pK+K- and is shown below.

Channel

Resonances Mass (MeV) Width (MeV) Spin

𝜙(1020) 1019.5 4.3 1

a2(1320) 1318.2 107.8 2

f0(1500) 1522 108 0

f '2(1525) 1517.3 84.4 2

a2(1700) 1706 380 2
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The reaction of interest is ep→e’pX→e’pK+K- and is shown below.

Channel

Resonances Mass (MeV) Width (MeV) Spin

𝜙(1020) 1019.5 4.3 1

a2(1320) 1318.2 107.8 2

f0(1500) 1522 108 0

f '2(1525) 1517.3 84.4 2

a2(1700) 1706 380 2

Resonance Mass (GeV)
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Formalism

Moments:
Explains the production of resonance

Spherical Harmonics:
Explains the decay of resonance

Partial waves:
S  =  spin 0 resonance
P  =  spin 1 resonance
D  =  spin 2 resonance

KK
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Formalism

KK
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Jefferson Lab

Injector

North 
LINAC

South 
LINAC

Recirculation 
arcs
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Jefferson Lab
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https://arxiv.org/pdf/2501.03091

https://arxiv.org/pdf/0805.4438



● 10.2 GeV electron beam 

● Liquid hydrogen target

● Electron detected in FT (low Q2)

● Hadrons detected in range 5°-125°

● Measures energy, momentum

 and time-of-flight of particles 

for identification

CLAS12

NIM A Volume 959, 11 April 2020, 163419
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FTOF: 85-125 ps
DC Δp/p: 0.003-0.011
EC 𝜎/E: 0.04-0.1/√E



To select epK+K-, the following criteria 

is chosen:

● Time-of-flight difference < 0.3 ns

● Deletected electron energy < 5 GeV

● Missing mass of the event near zero

● Remove baryon resonances via LPS

● CLAS12 fiducial cuts

Event Selection

Δt (ns)

Mass pK+ (GeV)

M
as
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)
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Simulations:

● MC event generator

● t distribution: ebt

● Invariant mass KK, Kp

Fitting – brufit:

● EMLL fitting

● MCMC procedure

● Error control

Extracting Moments
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Cross-section

𝑁𝑖   Yield
Γ   Photon flux
Δ𝑚𝑖   Mass bin 0.0375 GeV
𝜖𝑖   Acceptance & efficiency
𝑇   Target density
𝐵   Branching ratio
𝑅𝑖   Radiative correction

𝑁𝑖

𝜖𝑖Γf
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Results

Spin 1 and spin 
2 resonance 
interference

Only spin 2 
resonance 

contributions

Mass K+K- (GeV)

Mass K+K- (GeV)

13

preliminary

preliminary

preliminary



Next steps:

● convert moments to partial waves

● Successful input/output tests

Outlook
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The channel of interest is ep→e’nX→e’nKK ̅* and is shown below.

KK̅* Channel and Formalism

Exotic 1– + 
state possible

https://www.jlab.org/Hall-B/general/thesis/RWishart_thesis.pdf
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To select semi-inclusive e(n)K+K-𝜋-, 

● Identify particles using time of 

flight

● Constrain missing mass to 

obtain neutron

● Limit t to ensure meson 

production

KK̅* Event Selection
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Large CLAS12 K+K- dataset

Reliable extraction of moments

Calculation of differential cross-section

Preliminary analysis of KK̅* channel

Next, partial waves will be obtained from moments

Summary
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Thank you for listening



Formalism
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For L = 0, 1 and 2

https://arxiv.org/pdf/1906.04841 https://arxiv.org/pdf/2509.18827

https://arxiv.org/abs/1310.74
98

Polarization vector: P and 𝛼

𝐿=2𝑙
M≤L

𝑙 and 𝑙’ for calculating interference 
of partial waves



Cross-section

What we want/measure What happensFlux factor

Model-informed acceptance
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https://doi.org/10.1016/0550-3213(69)90133-3

Longitudinal Phase-Space Plots

Centre-of-mass frame

Each collision has
point with coordinates:

in 2D longitudinal phase 

space:
n=3 All data region

L. Van Hove, 1969
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Longitudinal Phase-Space Plots
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Partial Wave Amplitudes
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Moments of angular distribution can be inverted to obtain partial 
wave amplitudes. 

Generate angular 
distributions

Fit angular distributions 
and extract moments

Invert moments 
to obtain partial 

waves

Choose partial 
waves

Test case



Moments Equations
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Spin 1 and spin 
2 interference

Only spin 2 
contributions

Mass K+K- (GeV)

Mass K+K- (GeV)
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