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Motivations

Motivation, Kaon-Maid is getting Old
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Motivations

Other Motivations

1 Elementary operator→ isobar model
2 Investigation of the nucleon, kaon, hyperon resonances
3 Study

strong coupling constants→ S11(1535)
isospin symmetry
strangeness process

4 Gerasimov-Drell-Hearn rum rule
5 Production on deuteron
6 Production of hypernuclei
7 etc (e.g., PDG, job)
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Motivations

Six Possible Isospin Channels

No. Type E lab.
γ (MeV) W (MeV)

1) γ + p −→ K + + Λ 911 1609
2) γ + n −→ K 0 + Λ 915 1613
3) γ + p −→ K + + Σ0 1046 1686
4) γ + p −→ K 0 + Σ+ 1048 1687
5) γ + n −→ K + + Σ− 1052 1691
6) γ + n −→ K 0 + Σ0 1051 1690
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Problems

Intrinsic Problems of the Isobar Model

Problems

Threshold energies are too high
Too many nucleon, hyperon, and kaon resonances
→ complicated models
Almost all coupling constants are hardly known
Higher order corrections are not considered
Strong couplings are not perturbative!
→ Bethe-Salpeter or Lippman-Schwinger equation
→ much more complicated

What to do?

Limit the energy of interest!
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Problems

K +Λ Photoproduction Near Threshold

The background (non-resonance) terms are constructed from a series
of Feynman diagrams as in the previous isobar model (Kaon-Maid)
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Problems

Resonance Term?

For resonance term S11(1650) use multipoles amplitude (Breit-Wigner form):

E0+(W ) = Ē0+ cK Λ

fγR(W )Γtot(W )mR fKR(W )

m2
R−W 2− imRΓtot(W )

eiφ

W

E 0+

W=m R

The advantage: Simple and does not generate unnecessary additional
background term as in the case of the covariant calculation

see e.g., TM and A. Sulaksono, Phys. Rev. C 74, 055203 (2006)
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Problems

Comparison with experimental data

TM, Phys. Rev. C 82, 025209 (2010)
χPT→ Steininger and Meissner, Phys. Lett. B 391, 446 (1997).
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PS model can explain better
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Problems

Comparison with experimental data

Differential cross section [TM, Phys. Rev. C 82, 025209 (2010)]
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For new result: TM & S. Sakinah Phys. Rev. C 95, 045205 (2017),
S. Clymton and TM, Phys. Rev. D 96, 054004 (2017).
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Problems

K 0Λ Photoproduction Near Threshold

No t-Channel K 0 Intermediate State in Photoproduction
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Problems

Result, predicted total cross section

PS

Wthr. = 1613 MeV

W − Wthr. (MeV)
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Significantly smaller than Kaon-Maid prediction
May affect the predictions made based on Kaon-Maid
Needs experimental confirmation

γ + d → K 0 + Λ + p
γ + d → K 0 + Σ0 + p

TM, Phys. Rev. C 83, 048203 (2011)
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K Σ Channels

Extending to K Σ Channels

TM, Phys. Rev. C 90, 065202 (2014).
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K Σ Channels

Results for the K 0Σ+ Differential Cross Section
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TM, Phys. Rev. C 90,

065202 (2014).
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K Σ Channels

Results for the K 0Σ+ Differential Cross Section
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K Σ Channels

Results for the K +Σ− Differential Cross Section
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K Σ above threshold

K Σ channels for energies above threshold

Experimental data used in the present study
Channel Collaboration Observable N
γ + p→ K + + Σ0 SAPHIR 2004 dσ/dΩ 480

P 12
CLAS 2004 dσ/dΩ 676

P 146
LEPS 2004 Σ 30
LEPS 2006 dσ/dΩ 39

Σ 25
LEPS 2006 dσ/dΩ 52

Σ 26
CLAS 2006 dσ/dΩ 1280
GRAAL 2007 P 8

Σ 42
CLAS 2007 Cx 94

Cz 94
CLAS 2010 dσ/dΩ 2089

P 455
Crystal Ball 2014 dσ/dΩ 1129

γ + p→ K 0 + Σ+ SAPHIR 2005 dσ/dΩ 90
P 10

γ + n→ K + + Σ− LEPS 2006 dσ/dΩ 72
Σ 36

CLAS 2010 dσ/dΩ 177
Total data 7062

Kinematics coverage:
W = 1.695−2.835 GeV
θK ≈ 18◦−154◦

Our goal: fit all data

Use all nucleon
resonances within the
covered energies
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K Σ above threshold

Nucleon Resonances Used in this Study

19 resonances

Terry Mart (Universitas Indonesia) K Σ Photoproduction QNP-2018, KEK Tsukuba 18 / 35



K Σ above threshold

Delta Resonances Used in this Study

13 resonances
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K Σ above threshold

The Background Terms
.
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Decompose the background amplitude into

M γK
back. = ūΣ

4

∑
i=1

Ai (s, t ,u)Mi uN = χ
†
f F χi,

with M1 = γ5 ε/k/ ,

M2 = 2γ5 (q · ε p ·k −q ·k p · ε) ,

M3 = γ5 (q ·k ε/−q · ε k/) ,

M4 = i εµνρσ γ
µ qν

ε
ρ kσ ,

F = σ ·εF1− iσ ·q̂ σ ·(k̂×ε)F2 +σ · k̂ q̂ ·εF3 +σ ·q̂ q̂ ·εF4 .

F1,2 =
1

8πW
[(EN ±mN )(EΣ±mΣ)]1/2

[
±(W ∓mN )A1

+q ·k (A3−A4) + (W ∓mN )(W ∓mΣ)A4

]
,

F3,4 =
|q| |k |
8πW

(
EΣ±mΣ

EN ±mN

)1/2[
±(s−m2

N )A2
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K Σ above threshold

Problem with the K 0Σ+ and K +Σ− Channels

0.5

1.0

1.5

2.0

2.5

3.0

0.0
1.6 1.8 2.0 2.2 2.4 2.6

σ
to

t 
(µ

b
)

K
 +

Σ
0

K
 0

Σ
0

1.7 1.8 1.9 2.0 2.1 2.2

K
 0

Σ
+

W (GeV)

1.7 1.8 1.9 2.0 2.1 2.2

K
 +

Σ
−

1.7 1.8 1.9 2.0 2.1 2.2

The K 0Σ+ data cannot be nicely reproduced

Needs a weighting factor

A small spike near K +Σ− channel→ P11 state

Model 1 with P11 state
Model 2 without P11 state
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K Σ above threshold

Introduce a Weighting Factor

Instead of using

χ
2 =

N

∑
i=1

{
Oexp

i −O th
i

∆Oexp
i

}2

,

use Weighting Factor α,

χ
2 =

N−N ′

∑
i=1

{
Oexp

i −O th
i

∆Oexp
i

}2

+ α

N ′

∑
j=1

{
Oexp

j −O th
j

∆Oexp
j

}2

, (1)

with N ′ the number of K 0Σ+ data and calculated only in the second
summation.

But remember: α is unknown
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K Σ above threshold

Scan the Unknown Weighting Factor α
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α = 20 is sufficient→ χ2(M1) < 1.0
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K Σ above threshold

With α = 20

M1 with P11(1710)

M2 without P11(1710)

Kaon-Maid Prediction
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All data are nicely reproduced

Very sharp spike appears in K +Σ− channel→ Data??

All K 0 channels show P11 peak at W ≈ 1710 MeV
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K Σ above threshold

Properties of Nucleon Resonances Extracted from Fitting

within the PDG error bars
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K Σ above threshold

Properties of Delta Resonances Extracted from Fitting

within the PDG error bars
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K Σ above threshold

Results for the K +Σ0 Differential Cross Section and Recoil Polarization
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K Σ above threshold

Results for the K 0Σ+ and K +Σ− Channels

For the K 0Σ+ the bump is still within
the data error bars

For the K +Σ− no data near the
spikes at W ≈ 1710 MeV
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Examples of Application

The N(1535)S11 coupling strength to the K Σ channel

The N(1535)S11 is of special interest due to large branching to ηN channel
(32−52%) and the so-called mass reverse problem: quark model predicts it
to be the lowest mass nucleon resonance, but PDG puts N(1440)P11.

Solution: K Λ-K Σ & meson-baryon quasi-bound states, meson cloud effect,
and pentaquark component in nucleon→ large gN(1535)ΛK + coupling.

J/ψ → p̄K +Λ and J/ψ → p̄pη data Liu and Zou [PRL
96 (2006) 042002]:

RΛ ≡

∣∣∣∣∣gN(1535)ΛK +

gN(1535)ηp

∣∣∣∣∣= 1.3±0.3

TM, PRC 87 (2013) 042201: RΛ = 0.460±0.172

Partial wave: RΛ = 0.5∼ 0.7†

Coupled-channels: RΛ = 0.8∼ 2.6‡

What about RΣ ???

(1535)
* +

K+

N S
11 g

Λ

N ΛK

†,‡ for references see TM, PRC87 (2013) 042201
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Examples of Application

The N(1535)S11 coupling strength to the K Σ channel

Insert the N(1535)S11 exchange in the
model

Extract the GN∗ ≡ gγpN∗ gN∗Σ0K + values
from the fits

Use Ap
1/2 from PDG and

Ap
1/2 =

1
2mp

(
m2

N∗ −m2
p

2mp

)1/2

egγpN∗

determine gγpN∗

Use gN∗(1535)ηp = 1.853±0.244†

+0**

0
(1535)

K+

gN KΣ
egγ pN

γ

p Σ
N S

11

We obtain small RΣ ≡
∣∣∣gN(1535)Σ0K +

gN(1535)ηp

∣∣∣
M1 : 0.443±0.084 M2 : 0.077±0.020

† see TM, PRC87 (2013) 042201
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Examples of Application

Contribution of the K Σ Channels to the Gerasimov-Drell-Hearn sum rule

The Gerasimov-Drell-Hearn (GDH) sum rule relates the
static property of nucleon (anomalous magnetic moment
of the nucleon κN ) to its excited property (polarized total
photoabsorption cross sections), i.e.,

κ
2
N =

m2
N

2π2α

∫
∞

E thr
γ

dEγ

Eγ

{
σ3/2(Eγ )−σ1/2(Eγ )

}
.

For the proton, if we define

IGDH ≡
∫

∞

E thr
γ

dEγ

Eγ

[
σ1/2(Eγ )−σ3/2(Eγ )

]
= −2π2ακ2

m2
p

=−204.5 µb .

Meanwhile σTT′ = (σ3/2−σ1/2)/2 and therefore

IGDH =
∫

∞

E thr
γ

dEγ

{
−

2σTT′ (Eγ )

Eγ

}
.

can be calculated for individual contributions.
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Examples of Application

Contribution of the K Σ Channels to the Gerasimov-Drell-Hearn sum rule

sizable contributions!!

Terry Mart (Universitas Indonesia) K Σ Photoproduction QNP-2018, KEK Tsukuba 32 / 35



Examples of Application

Other Applications

Hypernuclear photo- and electroproduction
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Conclusion

Conclusion

We have analyzed K Σ photoproduction near threshold and at
energies above threshold up to W = 2.8 GeV.
The multipole model yields a good agreement between data and
calculated observables.
A number of applications are in order.
Contribution of individual resonances will be investigated in the
future.
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Conclusion

THANK YOU FOR YOUR PATIENCE
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