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◈ Theoretical Framework: Regge-plus-Resonance model
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                    invariant mass distribution (dσ/dM)
                    beam asymmetry (ΣƔ)                     
◈ Summary
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Introduction

Open-Strangeness Photoproduction

❏ Some N* have a weak coupling to πN final states but large branching                
    ratios to KY or K*Y ones.

❏ A comparison between “experiments” and “theoretical predictions” gives
    the information on which N*’s significantly contribute to the reaction.

❏ Provides useful information for identifying “missing resonances”.
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Introduction

Open-Strangeness Photoproduction
(γ N →  K Λ)

❏ Λ is an isosinglet, so Δ* resonances cannot contribute to the s-channel                
    diagram. Thus a theoretical interpretation is more simplified.

❏ Up to now, most of the data come from the reaction off a proton target.

γ p →  K+ Λ
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Introduction

Open-Strangeness Photoproduction
(γ N →  K Λ)

❏ Λ is an isosinglet, so Δ* resonances cannot contribute to the s-channel                
    diagram. Thus a theoretical interpretation is more simplified.

❏ Up to now, most of the data come from the reaction off a proton target.

γ p →  K+ Λ

❏ First measurements of the reactions:

        γ p →  K+ Λ(1405)                             γ n →  K0 Λ [γ d → K0 Λ (p)]

    CLAS [PRC.88.045201(2013)]                       FOREST [JPSConf.Proc.17.062007(2017)]
                                                                CLAS       [PRC.96.065201(2017)]
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Theoretical Framework
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Theoretical Framework
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◼ Multi-channel framework (rescattering effect)
    ▻ ANL-Osaka, Bonn-Gatchina, Giessen, Juelich, Shyam & Scholten & Usov

◼ Single-channel framework
  ◼ Isobar model (effective hadronic Lagrangians)
    ▻ Williams-Cotanch-Ji, Mart, Kaon-MAID, Skoupil-Bydzovsky

  ◼ Regge-plus-Resonance model
    ▻ Ghent group: RPR-2007, RPR-2011
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Theoretical Framework

5
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◼ Multi-channel framework (rescattering effect)
    ▻ ANL-Osaka, Bonn-Gatchina, Giessen, Juelich, Shyam & Scholten & Usov

◼ Single-channel framework
  ◼ Isobar model (effective hadronic Lagrangians)
    ▻ Williams-Cotanch-Ji, Mart, Kaon-MAID, Skoupil-Bydzovsky

  ◼ Regge-plus-Resonance model
    ▻ Ghent group: RPR-2007, RPR-2011

❏ Our approach is similar to the RPR model but avoids a complex fitting
    procedure. We construct the relation between “the coupling constants” of
    effective Lagrangians and “the partial decay widths” that can be obtained
    by PDG or hadron models. Thus model parameters are much reduced.
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Regge-plus-Resonance model

❏ preserves unitarity.                                                                                               

6

Single particle exchange
in the t-channel of spin J

Sum up all meson 
exchanges of various J

Froissart bound : K and K* trajectories are degenerated :

Theoretical Framework Sangho Kim
(APCTP)
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Regge-plus-Resonance model

Invariant amplitude: MRegge (background) + MResonance                                                                          

❏ interpolates between the low and high momentum transfer regions.                    
❏ Regge propagators (PRegge) in a gauge invariant manner

❏ Strong coupling constants
    ▻ SU(3)f symmetry     : -4.4 ≤ gKNΛ/4√π ≤ -3.0
    ▻ Nijmegen potentials : -4.9 ≤ gKNΛ/4√π ≤ -3.8
    are constrained by the high energy region.
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Regge-plus-Resonance model

Invariant amplitude: MRegge (background) + MResonance                                                                          

❏ PDG & missing resonances
❏ Hadronic form factors: monopole, dipole, Gaussian
❏ Rarita-Schwinger propagators (S(p)) for spin-3/2, -5/2, -7/2 N*’s
    [PRD.60.61(1941), Behrends,PR.106.345(1957), Rushbrooke,PR.143.1345(1966), Chang,PR.161.1308(1967)]

        

                                                                                 (Δα
β: spin projection operator)         

                                                             

8Oh,JKPS.59.3344(2011)
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Tree-diagrams

γ p →  K+ Λ(1405) 

γ n →  K0 Λ

❏ K exchange is excluded because of charge.
❏ Other higher strange mesons are excluded because of their 
    small photocouplings, e.g., Br(K∗(1410) → K0γ) < 2.2 × 10−4.
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Tree-diagrams

γ p →  K+ Λ(1405) 

γ n →  K0 Λ

❏ K exchange is excluded because of charge.
❏ Other higher strange mesons are excluded because of their 
    small photocouplings, e.g., Br(K∗(1410) → K0γ) < 2.2 × 10−4.

Theoretical Framework

Change 
couplings &
parity of hyperon
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Effective hadronic Lagrangians

Electromagnetic interactions

1. Background contributions

10

Strong interactions

form factor:
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2. Resonance contributions Effective hadronic Lagrangians

Electromagnetic interactions

Strong interactions

Gaussian form factor:

ΛB = ΛN* = 0.9 GeV

Theoretical Framework Sangho Kim
(APCTP)

JLab-APCTP
July 1-4, 2018
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Oh,Ko,Nakayama, 
PRC.77.045204(2008)

“Transition magnetic moments” h1, h2 & 
“Helicity amplitudes” Aλ

12

2. Resonance contributions

Aλ can be taken from PDG.
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S.H.Kim, Oh, 
in preparation

“Strong coupling constants” gKΛ*N* & 
“Decay amplitudes” G(ℓ)

13

2. Resonance contributions

G(ℓ) can be taken from quark model predictions. constituent quark model
Capstick,PRD.58.074011(1998)
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Results
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γ p →  K+ Λ(1405) γ n →  K0 Λ
threshold = 1.9 GeV threshold = 1.6 GeV

2 PDG resonances +
3 missing resonances

16 PDG resonances + 
narrow N(1685,1/2+)
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threshold 
= 1.9 GeV

14

γ p →  K+ Λ(1405) 

EM (γpp*) interactions Strong interactions

PDG

missing

N*

γ p →  K+ Λ(1405) γ n →  K0 Λ
threshold = 1.9 GeV threshold = 1.6 GeV

2 PDG resonances +
3 missing resonances

16 PDG resonances + 
narrow N(1685,1/2+)

N(2000) **, N(2100) * ▻ 2018 edition of PDG

Results-1 Sangho Kim
(APCTP)

JLab-APCTP
July 1-4, 2018
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Results-1

Total cross section

15

❏ The data is reproduced mainly by the t-channel K-exchange contribution.
❏ PDG resonances are more dominant than missing resonances.
❏ Both constant (1) & rotating (exp[-iπα(t)]) phases are acceptable.

γ p →  K+ Λ(1405) 
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Results-1

16

γ p →  K+ Λ(1405) Differential cross sections 

❏ At threshold, the data are reproduced by N* & non-N* contributions constructively.
❏ The forward-scattering enhancement becomes more obvious as W increases.
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Results-1

16

γ p →  K+ Λ(1405) Differential cross sections & Beam asymmetry

❏ At threshold, the data are reproduced by N* & non-N* contributions constructively.
❏ The forward-scattering enhancement becomes more obvious as W increases.
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Results-1

17

γ p →  K+ Λ(1405) Invariant mass distributions

(1) The decay widths for the decaying resonances are sufficiently narrow.
(2) The interference between the different resonances in the Dalitz plot is negligible.
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Results-1

18

γ p →  K+ Λ(1405) Constituent counting rule

❏ CCR is a method to analyze the internal
structure of the hadrons by dimensional 
considerations of the reaction amplitude 
in terms of the quark and gluon propagators 
at the large angle as well as the high energy.
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Results-1

18

γ p →  K+ Λ(1405) Constituent counting rule

❏ CCR is a method to analyze the internal
structure of the hadrons by dimensional 
considerations of the reaction amplitude 
in terms of the quark and gluon propagators 
at the large angle as well as the high energy.

❏ Λ(1405) is, more or less, possibly distinctive from the simple uds-quark state.

❏ If Λ(1405) is composed of three quarks, 1γ + 3N + 2K + 3Λ* = 9
                               ″                five              , 1γ + 3N + 2K + 5Λ* = 11

Sangho Kim
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July 1-4, 2018



28

Results-1

Wang,PRC.95.015205(2017) 19

γ p →  K+ Λ(1405) Another interpretation
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γ n →  K0 Λ  EM (γnn*) interactions threshold 
= 1.6 GeV

❏ Aλ is taken from PDG.△ 2018 edition
    of PDG
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γ n →  K0 Λ Strong interactions threshold 
= 1.6 GeV

❏ G(ℓ) is taken from quark model predictions [Capstick,PRD.58.074011(1998)].
❏ Br(N* → KΛ) is taken from PDG.
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Results-2

22

❏ Only rotating phase is acceptable.
❏ Main contribution comes from
    1/2+, 1/2-, 3/2+ N* resonances.

γ n →  K0 Λ Total cross section CLAS 
[PRC.96.065201(2017)]
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Results-2

22

❏ Only rotating phase is acceptable.
❏ Main contribution comes from
    1/2+, 1/2-, 3/2+ N* resonances.

γ n →  K0 Λ Total cross section

Bonn-Gachina,
PRC.96.055202 (2017)

CLAS 
[PRC.96.065201(2017)]
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Results-2

23

γ n →  K0 Λ Differential cross sections (vs cosθ) FOREST
[JPSConf.Proc.17.062007(2017)]

w.o. N(1685,1/2+)
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July 1-4, 2018

❏ N(1685,1/2+) has a certain contribution to the differential cross sections
    at threshold but not to the total cross section.
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Results-2

24

γ n →  K0 Λ Differential cross sections (vs cosθ) CLAS 
[PRC.96.065201(2017)]

w.o. N(1685,1/2+)
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Results-2

25

γ n →  K0 Λ Differential cross sections (vs W) CLAS 
[PRC.96.065201(2017)]

w.o. N(1685,1/2+)
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Summary
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Summary

◇ The γp → K+Λ(1405) & γn → K0Λ are studied using
   an effective Lagrangian approach combining with a Regge model.
◇ K- and  K*-Reggeon exchanges are dominant background contributions, respectively.
◇ PDG resonances “N(2000,5/2+), N(2100,1/2-)” and “N(1650,1/2-),  N(1710,1/2+), 
   N(1720,3/2+), N(1900,3/2+)” are crucial to reproduce the FOREST & CLAS data,
   respectively, near threshold.

Future work:
  ◇ Polarization observables will be also calculated.
◇ Vector meson (ρ,ω,φ) photoproduction off the nucleon and nuclei(4He,…)
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Back Up
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α(t) categorizes hadrons with the same internal quantum numbers,
M and J are the mass and the spin of related hadrons.
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