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 Motivation: Forward  productionKπ 2

1. K L p ! K ± ! ! p (1)

2. K L p ! K " ! 0! ++ (2)

3. K L p ! K L ! " ! ++ (3)

The production mechanism for these channels includes charge and neutral exchanges. In
particular at small momentum transfer region," t < 0.2 GeV2, the amplitude is dominated
by the one pion exchange contribution, see Fig. 1. Here the top panel is the feynmann
diagram for a neutral pion exchange and the bottom panel for a charge pion exchange.

Figure 1: Illustration of the contribution from one-pion exchange, which is dominant at small
momentum transfer, to the production amplitude. Top panel: K L p ! K ± ! ! p Bottom Panel:
(Left) K L p ! K " ! 0! ++ and (Right) K L p ! K L ! " ! ++ .
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"  scattering is one of the simplest hadronic 
interactions involving strangeness.!

" In the forward region, corresponding to small 
momentum transfer , the production amplitude is 
expected to be dominated by one-pion exchange.!

" This provides access to elastic  scattering 
amplitudes and strange meson spectroscopy.!

" Precise  amplitudes are important for the  pole and 
may also provide input to dispersive studies of  form 
factors related to .
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3.2 Kaon Spectroscopy

One of the most controversial states in light meson spectroscopy is the elusive! /K ! (700). This
broad resonance Òstill needs conÞrmationÓ according to the PDG2018 [1]. The reason for the im-
portance of this state is twofold. First of all, the unambiguous determination of its existence would
complete the lightest scalar meson nonet, together with the already observeda0(980), f 0(980),
and" /f 0(500) mesons. Secondly, the precise determination of the resonance parameters of the
! /K ! (700) is necessary to distinguish between different models of its internal structure, which
also will provide insight into its lighter cousin, the" /f 0(500). In addition to this state, there are
several other strange-quark resonances belonging to heavier nonets which decay toK # with size-
able branching ratios. Unfortunately most of the resonance parameters of these states have not
been extracted with high accuracy due statistical limitations or uncontrolled systematic effects due
to the simple models used to describe their lineshapes.
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Figure 2:Expected precision on the! /K !
0(700) pole parameters for 100 days of running time. The uncer-

tainties of KLF prediction are presented in a red color within the blue error bars obtained without KLF data.
The shadowed rectangle stands for PDG2018 uncertainties. (see Section 4.2 and Appendix A.4 for details).

The best way to unravel these states and improve the current knowledge on them is to study the
I = 1/ 2 partial waves ofK # scattering, particularly in the elastic region. In order to have ac-
cess to this scattering process we have to perform an analysis of production experiments like
KN ! K #N or KN ! K #! , where the total transferred momentum to the Þnal state baryont
(Mandelstam variable) is small. In this region, the interaction between the kaon and nucleon on the
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 Toward a Precise  Pole Determinationκ 3

"   is now recognized as a light scalar resonance.!

"  It appears in the  -wave near threshold.!

"  Because it is very broad, it is di ffi cult to determine from a simple mass peak.!

"  The key observable is the pole position of the  scattering amplitude.!

"  Improved low-energy  data from KLF can help constrain the  pole.
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 Generator-Level Kinematics 4
Regge-pole based generator: , Dass & Froggatt, NPB8 (1968), B10 (1969)KLp ! K* (892)p ! K+π" p

forward                                       backward protonK,π



 Current Focus: Solenoid Field Dependence 5

" Reduced-field running may improve acceptance for low-momentum particles!

  in near-threshold KLF physics, such as hyperon production.!

" Forward  production relies on relatively high-momentum  and  tracks.!

" This study is performed with the updated JANA2-based KLF reconstruction chain.!

" Need to check the impact on:!

  , missing mass,  reconstruction, e ffi ciency, and resolution.

Kπ K π

M(Kπ) t
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 Generated vs Reconstructed Final-State Particles 6

Broad , , and proton coverage, except in the very-forward region.K π



  Invariant Mass DistributionK+π" 7

thrown

comparison under di fferent field settings
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 Reconstruction Efficiency vs M(K+π" ) 8
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Figure 7: Reconstruction and selection e! ciency of four momentum transfer
(left plot) and K + ! ! invariant mass (right plot) from the analysis of proton
detected in Þnal state.
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Figure 8: Reconstruction and selection e! ciency of four momentum transfer
(left plot) and K + ! ! invariant mass (right plot) from the analysis of missing
proton in the Þnal state in Þnal state.
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form ShankarÕs note

" No strong  dependence observed so far!

" Small field dependence; 500 A is slightly lower!

" Default-field result is broadly consistent with the previous 5Ð6% level

M(K+π" )



  Resolution under Different Field SettingsM(K+π" ) 9

!

" Lower solenoid field settings show broader  distributions.!

" This indicates degradation of the  mass resolution at reduced field.

# M = Mreco(K+π" ) " Mgen(K+π" )

# M

Kπ



 Relative Mss Resolution: Default Field 10
Figure 14: Left: Invariant mass of two photons peaked at ! 0 mass. Right:
Invariant mass of K ! ! 0.
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Figure 15: Left :Four momentum transfer relative resolution (" t /t ) as a function
of -t.Right :Invariant mass relative resolution (" m /m ) as a function of M K ! .

we estimated the expected number ofK " for 100 days of KLF running for ! t < 0.2 GeV
and is shown in Þgure.

The K ! S-wave was also simulated below 1.2 GeV using the dispersive parametrization
described in Appendix A.1. The S and P wave simulation of the reactionK L p " K ! ! 0! ++

is used to estimate the total production in KLF after 100 days of running. We expect roughly

15

No identical plot found in ShankarÕs note!

Reference only.

" The default-field result shows a mild increase with .!

" The relative mass resolution is about 1.5% in this mass region.

M(Kπ)



 Field Dependence of Relative  ResolutionM(Kπ) 11

" The relative mass resolution worsens as the solenoid field is reduced.!

" A clear degradation is seen toward 500 A.!

" Even at 500 A,  is reconstructed with about 3% relative resolution.M(Kπ)



  Distribution: Generated vs Reconstructed" t 12

thrown

reconstructed

comparison under di fferent field settings



 Reconstruction Efficiency vs " t 13
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Figure 7: Reconstruction and selection e! ciency of four momentum transfer
(left plot) and K + ! ! invariant mass (right plot) from the analysis of proton
detected in Þnal state.
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Figure 8: Reconstruction and selection e! ciency of four momentum transfer
(left plot) and K + ! ! invariant mass (right plot) from the analysis of missing
proton in the Þnal state in Þnal state.
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" The effi ciency shows only a weak  dependence in the present study.!

" The 500 A setting gives a slightly lower effi ciency.!

" The trend differs from ShankarÕs result; the origin is under investigation.

" t

form ShankarÕs note



  Resolution under Different Field Settings" t 14

%t = t_reco & t_thrown!

" The %t distribution broadens as the solenoid field is reduced.!

" The 500 A setting shows the largest degradation in t resolution.



 Relative  Resolution: Default Field" t 15
Figure 14: Left: Invariant mass of two photons peaked at ! 0 mass. Right:
Invariant mass of K ! ! 0.
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Figure 15: Left :Four momentum transfer relative resolution (" t /t ) as a function
of -t.Right :Invariant mass relative resolution (" m /m ) as a function of M K ! .

we estimated the expected number ofK " for 100 days of KLF running for ! t < 0.2 GeV
and is shown in Þgure.

The K ! S-wave was also simulated below 1.2 GeV using the dispersive parametrization
described in Appendix A.1. The S and P wave simulation of the reactionK L p " K ! ! 0! ++

is used to estimate the total production in KLF after 100 days of running. We expect roughly
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" The relative t resolution improves as  increases.!

" In the present study,  is below 5% over much of the  range.

" t

σt /t " t

No identical plot found in ShankarÕs note!

Reference only.



 Field Dependence of Relative  Resolutiont 16

" The relative  resolution worsens as the solenoid field is reduced.!

" A clear degradation is seen toward 500 A.!

" Even at 500 A,  is reconstructed with about 12Ð13% relative resolution.

t

t



 Summary and Next Steps 17
Current status:!

" JANA2-based KLF reconstruction chain is running for the forward  channel.!

" Default-field effi ciency and resolution are broadly consistent with the previous study.!

" Reduced field settings degrade mass and  resolutions, but the channel remains 
reconstructable.!

Next:!

" Start Counter geometry dependence!

" -recoil  channels!

" Improved generator and systematic e ffi ciency / resolution studies

Kπ

t

# Kπ


