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2 Motivation of the  spectroscopyKπ
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p (�)

• The simplest hadronic reaction that involves  quark

• crucial for understanding non-pQCD


•  scattering amplitude can be calculated based on 
Chiral Perturbation Theory, but the low energy 
parameters such as the scattering length show 
discrepancy between existing measurements. The new 
KLF input will settle this issue.


• Existence of the exotic  meson ( -save) is 
unclear. The partial wave analysis at the low  
Mandelstam variable in the reaction  and 

 is important to unravel this state and 
determine its pole position.

s

Kπ

κ I = 1/2 S
t

KN → KπN
KN → KπΔ

Dominant diagram at low t



3  channels we focusKπ
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KLp ! K+⇡�p

One pion exchange diagram is dominant at small momentum transfer .t



4 Simulation for KLp → K*0(892)p → K+π−p
The Regge Model (NPB151, 10 (1969)) is used for the simulation.

* describes the neutral exchange production that involves  -wave

*  and  Regge trajectories are exchanged in the -channel (  Regge-pole is dominant)

* the original paper calculates the reaction with charged kaon beam

* we assume that the neutral exchange amplitude with charged kaon beam is similar to 

neutral kaon beam

Kπ P
π a2 t π
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K⇤0(892)

Figure 2: KL momentum spectra originating from all sources at the Be-target.

Total expected flux on GlueX target is 10
2
.

and Time of Flight (TOF) detectors. The simulation studies perform here assumed a time
resolution of 250 ps. More details on the detector components and their performance is
described in Ref. [34].

4

Realistic  beam profile is usedKL



5 Simulation for KLp → K*0(892)p → K+π−p
* The relativistic Breit-Wigner is used to simulate .

*  decays to  and  uniformly in the phase space.

K*0(892)
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K0
Lp ! K⇤0(892)p ! K+⇡�p

Regge-pole model 
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The generated event sample is simulated through GlueX detector using Geant4-
based GlueX software to simulate the detector response, and the reconstruction 
of simulation is made by the JLab Reconstruction Framework JANA.



6 Kinematics of KLp → K*0(892)p → K+π−p

Generated MC distribution
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7 Effieciency KLp → K*0(892)p → K+π−p

Efficiency as a function of -t, M(K pi)
This simulation Ref.) From Shankar’s Note

Transfer 4-mom Efficiency M(K+π-) Efficiency

The K+π-p events can be reconstructed with ~5% efficiency on average.



8 Yield estimation for KLp → K*0(892)p → K+π−p

where ~p is the beam momentum, � is the total cross section ofK⇤ production, BRK⇤(892) !
K+⇡� is the branching ratio (⇡ 100 %). ✏tot(~p) is the total e�ciency function of beam
momentum and

R
Ldt is the integrated luminosity over the time, and is given as,

Z
Ldt = nKntT, (5)

where nK is the rate of incident KL on target per second, nt is the number of scattering
centers per unit area and T is the integrated live time of the detector.

In figure 10 we are comparing total statistics from KLF of 100 days running with previous
high statistics experimental data, ie SLAC. We expect one to two order of more statistics
for di↵erent �t bins in K⇤ production. In addition, the missing proton analysis will have
smaller �t coverage compare to the detected proton analysis.

Figure 10: Number of events compare between 100 days of KLF for K+⇡�p
and SLAC data.

11

Shankar’s estimation.

will be replaced with the latest analysis version.

Taking into account the luminosity 
and detector acceptance effect and 
100 days KLF running, we expect 
one to two order of more statistics 
compared to the past experiment.



9 Simulation for KLp → K*−(892)Δ++ → K−π0pπ+

 scattering amplitude by A. Rhodas (PRD93, 074025 (2016)) is used.

* the parametrization of the amplitude is tuned to describe the existing  scattering.
Kπ

Kπ
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10 KLp → K*−(892)Δ++ → K−π0pπ+

* The relativistic Breit-Wigner is used to simulate .

*  decays to  and  uniformly in the phase space.

K*0(892)
K*0(892) K+ π−

The generated event sample is simulated through GlueX detector using Geant4-
based GlueX software to simulate the detector response, and the reconstruction 
of simulation is made by the JLab Reconstruction Framework JANA.



11 Kinematics of KLp → K*−(892)Δ++ → K−π0pπ+
<latexit sha1_base64="91WNLhN8ZBoAdSfR1o/Rh2y1sNE="></latexit>
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Generated Distributions

Reconstructed Distributions

<latexit sha1_base64="91WNLhN8ZBoAdSfR1o/Rh2y1sNE="></latexit>

KLp ! K⇤�(892)�++ ! K�⇡0p⇡+

Generated Distributions

Reconstructed Distributions

Generated distiributions

Reconstructed distiributions



12 KLp → K*−(892)Δ++ → K−π0pπ+

<latexit sha1_base64="91WNLhN8ZBoAdSfR1o/Rh2y1sNE="></latexit>

KLp ! K⇤�(892)�++ ! K�⇡0p⇡+

Ref.) Shankar’s NoteThis analysis
Transfer 4-mom Efficiency M(K-π0) Efficiency

The events can be reconstructed with ~8% efficiency, and the t 
dependence of the event reconstruction efficiency is very small.



13 Yield estimation for KLp → K*−(892)Δ++ → K−π0pπ+

where ~p is the beam momentum, � is the total cross section ofK⇤ production, BRK⇤(892) !
K+⇡� is the branching ratio (⇡ 100 %). ✏tot(~p) is the total e�ciency function of beam
momentum and

R
Ldt is the integrated luminosity over the time, and is given as,

Z
Ldt = nKntT, (5)

where nK is the rate of incident KL on target per second, nt is the number of scattering
centers per unit area and T is the integrated live time of the detector.

In figure 10 we are comparing total statistics from KLF of 100 days running with previous
high statistics experimental data, ie SLAC. We expect one to two order of more statistics
for di↵erent �t bins in K⇤ production. In addition, the missing proton analysis will have
smaller �t coverage compare to the detected proton analysis.

Figure 10: Number of events compare between 100 days of KLF for K+⇡�p
and SLAC data.

11

Shankar’s estimation.

will be replaced with the latest analysis version.

Taking into account the luminosity 
and detector acceptance effect and 
100 days KLF running, we expect 
one to two order of more statistics 
compared to the past experiment.



• The simplest hadronic reaction with  quark,  scattering, is crucial for 
understanding of the non-perturbative QCD. Also, it is the quest to establish 
existence or non-existence of scaler kappa mesons. The new KLF data can 
access these fundamental questions.


• The realistic event generators for  and 
 have been prepared.


• The simulations with these generators show that 100-day KLF running will 
accumulate more than 10 times statistics for these reactions, and can be used to 
extract the low energy parameters such as scattering length.

s Kπ

KLp → K*0(892)p → K+π−p
KLp → K*−(892)Δ++ → K−π0pπ+

 Summary 14



15  channels we focusKπ
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KLp ! K+⇡�p

One pion exchange diagram is dominant at small momentum transfer .t
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<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p
<latexit sha1_base64="IfFfOaprqnWSwCFgLeKaLDHhp4s=">AAAB8nicbVBNSwMxEM36WetX1aOXYBGEQtkVqR6LevBYwX7Adi3ZNNuGZpMlmRXK0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz321lZXVvf2CxsFbd3dvf2SweHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3Uz99hPThiv5AOOEBTEZSB5xSsBKfveWCSCPWaUy6ZXKbtWdAS8TLydllKPRK311+4qmMZNABTHG99wEgoxo4FSwSbGbGpYQOiID5lsqScxMkM1OnuBTq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif56cQXQUZl0kKTNL5oigVGBSe/o/7XDMKYmwJoZrbWzEdEk0o2JSKNgRv8eVl0jqverVq7f6iXL/O4yigY3SCzpCHLlEd3aEGaiKKFHpGr+jNAefFeXc+5q0rTj5zhP7A+fwBtH2Q5Q==</latexit>

�++

<latexit sha1_base64="onFxzl4HWoz46vTIUuCs5RBCGCQ=">AAACBXicbVDLSsNAFJ34rPUVdamLwSIIxZKIVJdFXQh1UcE+oEnDZDpph06SYWYilNCNG3/FjQtF3PoP7vwbp20W2npg4HDOvdw5x+eMSmVZ38bC4tLyympuLb++sbm1be7sNmScCEzqOGaxaPlIEkYjUldUMdLigqDQZ6TpD67GfvOBCEnj6F4NOXFD1ItoQDFSWvLMg6p3C7mjYljtWA6nnRPnmjCFOmmxOPLMglWyJoDzxM5IAWSoeeaX041xEpJIYYakbNsWV26KhKKYkVHeSSThCA9Qj7Q1jVBIpJtOUozgkVa6MIiFfpGCE/X3RopCKYehrydDpPpy1huL/3ntRAUXbkojnigS4emhIGFQhx5XArtUEKzYUBOEBdV/hbiPBMJKF5fXJdizkedJ47Rkl0vlu7NC5TKrIwf2wSE4BjY4BxVwA2qgDjB4BM/gFbwZT8aL8W58TEcXjGxnD/yB8fkDXzCXPg==</latexit>

KLp ! K0⇡��++

<latexit sha1_base64="EJabPDJeZK6K8e5QK0Q3WeqXJfQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL4KXiOYByRpmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup76zSdUmkfywYxj9EM6kLzPGTVWur99dLvFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2KuXK3XmpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fx5yNfA==</latexit>

K0

<latexit sha1_base64="Vlfbosi72FgWwuc0naJguKpf9hg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61U7y/LtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cqSOdw==</latexit>

⇡�


