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&5 ntroduction |

Strangeness prod uetlon

0: SS production o K7 (us) : :
- ¢(S§ We are searching the systematic or

¢ consistent way to describe muti-
d :
strangeness production.

- Photoproduction of the very strangest baryons on the
proton target in CLAS12 (M. Dugger, J. Goetz, L. Guo, ..)

- JLab Proposal E12-11-005a

APFB (April 7-11, 2014)
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¢(1020) DECAY MODES

Fraction (I';/T)

(48.9 +05 )%
(34.2 404 )%
(15.32 +0.32 ) %

A(1520) DECAY MODES Fraction (I;/I)

NR 45 + 1%
rm 42 + 1%
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Effective Lagrangian method

1 : =
Locp = —étr[GwG"“’] + @iy D,qg —qmg
G Ay = O A —iglAn Al D= B —igAs

L:QC’D Eeff

quark and gluon degree hadronic degree of
of freedom freedom

at low energy
= /DU exp[i/dm4 Ceff]

Lofs= Losp(UBIV, o Vo s i [BY 2‘1’]
S feeta =

Hadrons

—

exp[iZ] = /Dq Dq DA exp [i/da:4 Locp

% Form.a LLsmt 9/33 APFB (A'PVLL ol o) 2014’)




Blankenbecler-sugar (Bbg) Equation
. 3-dim reduction of the Bethe-Salpeter equation

My asseio:Dip'ss) = ME’?X?_@CQ (p,p; 8)

3 w+kEk :
+/d q(2ﬂ_)32wEMA1A2—)Ble(p)Qa S)

1
8— (w+ E)? +ie

MBIBQ—>0102 (Q1p,; S)

o s=(Ep, + Ep,)* A17) i)

o w=/m} +|qP

¢« BE=\/m}, +|q

As

R. Blankenbecler and R. Sugar, Phys. Rev. 142, 1051 (1966)

% Formalism (END) 10/ Bj APFB (AprLL F-11, 2014)
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DARESBURY(1982) | : : ;
DESY(1978) . - Gluonic dynamics (Pomeron)
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SAPHIR(2003)

SLAC(1973) . - Hidden strangeness
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Timeline of the recent study

Author

Date

Their work

Titov et al

T. Mibe et al

S. Ozki et al

W. C. Chang

et al

A. Kiswandhi

et al

1999

Structure of the ¢ photoproduction at a few GeV

Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton

Coupled-channel analysis for ¢ photoproduction
with A(1520)

Measurement of spin-density matrix elements
for ¢-meson photoproduction from protons
and deuterons near threshold

Is the nonmonotonic behavior in the cross section
of ¢ photoproduction near threshold a signature
of a resonance ?

@ photoproduction with couple-channel effects
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Timeline of the recent study
Author Their work

| I 1 ] ]
Pomeron + 7t + 1)

T. Mibe et al Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton

(W)

S. Ozki et al Coupled-channel analysis for ¢ photoproduction
with A(1520)

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

do/dt (ub/GeV?) (6=0)

A. Kiswandhi Is the nonmonotonic behavior in the cross section
et al of ¢ photoproduction near threshold a signature
of a resonance ?

g
4

|
3
EY [GeV]

@ photoproduction with couple-channel effects
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Timeline of the recent study
Author Date Their work

Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV

A. l. Titov, T.-S. H. Lee, H. Toki and O. Streltsova, T | T I T
Phys. Rev. C 60, 035205 (1999) Pomeron + 7t + n

T. Mibe et al Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton

e
)

(W)

S. Ozki et al Coupled-channel analysis for ¢ photoproduction
with A(1520)

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

do/dt (ub/GeV?) (6=0)

S
n

A. Kiswandhi Is the nonmonotonic behavior in the cross section
et al of ¢ photoproduction near threshold a signature
of a resonance ?

g
4

|
3
EY [GeV]

@ photoproduction with couple-channel effects
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Timeline of the recent study
Author Date Their work

Titov et al Structure of the ¢ photoproduction at a few GeV

T. Mibe et al Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton

T. Mibe et al. [LEPS Collaboration]

Phys. Rev. Lett. 95, 182001 (2005)

S. Ozki et al Coupled-channel analysis for ¢ photoproduction
with A(1520)

S. Ozaki, A. Hosaka, H. Nagahiro and O. Scholten;
Phys. Rev. C 80, 035201 (2009)

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

A. Kiswandhi Is the nonmonotonic behavior in the cross section
et al of ¢ photoproduction near threshold a signature
of a resonance ?

EY [GeV]

@ photoproduction with couple-channel effects
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Timeline of the recent study
Author Date Their work

Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV

S
)

T. Mibe et al Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton

T. Mibe et al. [LEPS Collaboration]
Phys. Rev. Lett. 95, 182001 (2005)

S. Ozki et al Coupled-channel analysis for ¢ photoproduction &

with A(1520)
S. Ozaki, A. Hosaka, H. Nagahiro and O. Scholten,
Phys. Rev. C 80, 035201 (2009)

) (6=0)

[
n

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

do/dt (ub/GeV

A. Kiswandhi Is the nonmonotonic behavior in the cross section
et al of ¢ photoproduction near threshold a signature
of a resonance ?

@ photoproduction with couple-channel effects
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Timeline of the recent study
Author Date Their work

Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV

T. Mibe et al Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton

S. Ozki et al Coupled-channel analysis for ¢ photoproduction
with A(1520)

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

W. C. Chang et al. [LEPS Collaboration]
Phys. Rev. C. 82, 015205 (2010)

A. Kiswandhi Is the nonmonotonic behavior in the cross section!
of ¢ photoproduction near threshold a signature

of a resonance ?
A. Kiswandhi and S. N. Yang,

@ photoproduction with couple-channel effects
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Timeline of the recent study
Author Date Their work

Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV

T. Mibe et al Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton

S. Ozki et al Coupled-channel analysis for ¢ photoproduction
with A(1520)

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

W. C. Chang et al. [LEPS Collaboration]
Phys. Rev. C. 82, 015205 (2010)

A. Kiswandhi Is the nonmonotonic behavior in the cross section
et al of ¢ photoproduction near threshold a signature

of a resonance ?
A. Kiswandhi and S. N. Yang,
Phys. Rev. C. 86, 015203 (2012)

@ photoproduction with couple-channel effects
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Author Date A
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- [5] KA(1116) Box

- [6] K A(1116) Box

- [7] KA(1520) Box
BONN(1974)
DARESBURY/(1982)
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LEPS(2005)
SAPHIR(2003)
SLAC(1973)
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of a resonance ?

@ photoproduction with couple-channel effects H. Y. Ryu, A. I. Titov, A. Hosaka, H. C. Kim,
PTEP. 2014 (2014 023D03)(arxiv:1212.6075)
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PTEP. 2014 (2014 023D03)(arxiv:1212.6075)
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Timeline of the recent study
Author Date Their work

1 1
Wi (cosbk) = 5(1 — poo) + 5(3,080 — 1) cos® Ok

Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV

1 T

I : [
E,{=2 07 GeV

T. Mibe et al Near-Threshold Diffractive ¢-Meson 08
Photoproduction from the proton

0.6

S. Ozki et al Coupled-channel analysis for ¢ photoproduction 04
with A(1520)

1 I 1

E =227 GeV

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

A. Kiswandhi Is the nonmonotonic behavior in the cross section
of ¢ photoproduction near threshold a signature
of a resonance ?

cos O
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Timeline of the recent study
Author Date Their work

1 1
Wi (cosbk) = 5(1 — poo) + 5(3,080 — 1) cos® Ok

Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV

1 T

I : [
E,{=2 07 GeV

T. Mibe et al Near-Threshold Diffractive ¢-Meson 08
Photoproduction from the proton

0.6

S. Ozki et al Coupled-channel analysis for ¢ photoproduction 04
with A(1520)

1 I 1

E =227 GeV

W. C. Chang Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold

A. Kiswandhi Is the nonmonotonic behavior in the cross section
et al of ¢ photoproduction near threshold a signature
of a resonance ?

@ photoproduction with couple-channel effects

cos O
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Timeline of the recent study
_I_

H. Ch. Kim ¢N photoproduction coupled with the KA® channel.
et al

B. Dey Data analysis techniques, differential cross sections,
et al and spin density matrix elements for the reaction

Yp — p.

B. Dey Phenomenology of ¢ photoproduction from recent
et al CLAS data at Jefferson Lab.
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¢ N photoproduction coupled with the K A® channel.
H. -C. Kim, H. -Y. Ryu, A. |. Titov, A. Hosaka
arXiv:13106864

Data analysis techniques, differential cross sections,
and spin density matrix elements for the reaction

Yp — ¢p.

Phenomenology of ¢ photoproduction from recent
CLAS data at Jefferson Lab.

EY:2.27 GeV

® LEPS
— Total
— KA(1520)
— — M

27W (¢ — @) = 1+ 2P,pj_, cos2(¢ — D)

1

Dot — 5(:0%—1 — Impi_,)
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H. Ch. Kim 2013
et al

B. Dey 2014
et al (Mar 9)

B. Dey 2014
(Mar 14)

Timeline of the recent study

¢ N photoproduction coupled with the K A® channel.
H. -C. Kim, H. -Y. Ryu, A. |. Titov, A. Hosaka
arXiv:13106864

Data analysis techniques, differential cross sections,
and spin density matrix elements for the reaction

Yp — ¢p.

Phenomenology of ¢ photoproduction from recent
CLAS data at Jefferson Lab.

Eyz2.07 GeV EY:2.27 GeV

® LEPS
— Total
— KA(1520)
— — M

27W (¢ — @) = 1+ 2P,pj_, cos2(¢ — D)

1

Dot — 5(:0%—1 — Impi_,)
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Recent status

m,+m - =2.0126 GeV EC N [GeV]
19512153 2.551 2.896 3.204

! l ! ! ! l ! ! ! l ! ! ! l !

total
Pomeron
t-channel mt+m

KA(1520) Re
- KA(1520) Im
LEPS(2005)

DESY (1978)

D
tn

0)

lllllllll

[\

[
)
IIIIIIIIIIIIIIIIIIIIIIIIIIIII

[

=

O
>
 ——
Nr—1
>
O
@,
~~—~
O
=
~—
=
®
o

o
n

llllllllllllllllll

APFB (April 7-11, 2014)




New data from CLAS

3. Phenomenology of ¢ photoproduction from recent CLAS data at Jefferson Lab
Biplab Dey. Mar 14, 2014.
e-Print: arXiv:1403.3730 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record

. Data analysis techniques, differential cross sections, and spin density matrix elements for the reaction yp — ¢p
B. Dey, C.A. Meyer, M. Bellis, M Williams. Mar 9, 2014. 38 pp.
e-Print: arXiv:1403.2110 [nucl-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record - Cited by 1 record
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4. Data analysis techniques, differential cross sections, and spin density matrix elements for the reaction yp — ¢p
B. Dey, C.A. Meyer, M. Bellis, M Williams. Mar 9, 2014. 38 pp.
e-Print: arXiv:1403.2110 [nucl-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service
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E‘/ = 1.87 GeV E.:, = 2.07 GeV EY = 2.27 GeV

. CLAS (2013)
« LEPS (2010)
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3. Phenomenology of ¢ photoproduction from recent CLAS data at Jefferson Lab

Biplab Dey. Mar 14, 2014.
e-Print: arXiv:1403.3730 [hep-ex] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service
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1. We found that the coupled-channel effect could be important

2. Resonances ?
- good for LEPS data (2005/ 2010)
- not enough for the new CLAS data

,/,3///" K"K p

Vi

$(1020) p

coupling

K™ A(1520)

% v p-—> ¢P (END) 26/ 3_9 APFB (APVLL F-11, 2014)




&;‘j) v P —> KA(1520)

&

Tvp—>K+A* =

A(1520)
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Nuwmwertecal Result
EC . [GeV]

2.55

Total
Born |
Rescattering (¢, N) |
CLAS (2013)

LAMP2 (1980)

CLAS(2013): K. Moriya et al
Phys. Rev. C 88, 045201 (2013)
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Summary for  p-->KL(1520)

1. (Well tested) (¢, p) coupled-channel is applied
and we found that it could be important here also.

2. We need to consider s-channels(N*) and u-channels
to explain the new data.

% v P —> KA(1520) (END) APFEB (April #-11, 2014)
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1. We found that (¢, p)-(K,A*) coupled-channel could be important in

(P, p) and (K,A*) photoproduction process.

2. We can test this coupled-channel in the several decay channels.

3. Recent new data from CLAS (wide range data) would tell us that
which process plays important role in each channels.

\,@ummarg and outlook APFB (APVLL F-11, 2014)
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If poo = 0,
. Wi(cosfOk) =0.5+0.5 cos® O
If p9, = 0.5,
: Wi(cosOx) = 0.25 + 0.25 cos® O
If poo = 1,
Wi(cosfg) = cos” Ok

T. Mibe et al. [LEPS Collaboration|, Phys. Rev. Lett. 95, 182001 (2005
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~ Spin density matrix and Decay angular distribution
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1 1
== 5(1 — poo) + 5(
2nWa(px — ®) =1+ 2p,p;_; cos2(¢px — P)

2nWs(px +P) =1+ 2pyA1_1cos2(px + D)

3000 — 1) cos” Ox

( P~ :polarization strength ~ (.95 )




Definition of angles

d: azimuthal angle for the reaction plane

C.M. system
ki1 +p1 =0

G.]. system
ky =0

ki /] 2
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