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l. Introduction
Phi meson properties

=y

Mass m = 1019.455 + 0.020 MeV (S = 1.1) :natural parity
Full width T = 4.26 + 0.04 MeV (S = 1.4)

Scale factor/ p .
#(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c) :
+ - : P = (_1>J+1
KTK (489 +05 )% S=1.1 127 ; .
K9 KL (342 +04 )% S=1.1 110 : :unnatural parity
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Phi meson photoproduction

3 | I I I I I 1 I 1 g T TTTTTTTTm A m s -_----
_ _ - d(s5)
251 - ' ILLH
Ee 3
oy . L d
3 . L
S 2 T % % - u >
~ U >
ST o) 1 d >
8 15 %5 T ¢ e :
oy ¢ '
] : E
= . Il OZl rule violation
% 1= fg | 0 BONN(1974) E
i < DARESBURY/(1982) | : . )
= ﬁ% o DESY(1978) . - Gluonic dynamics (Pomeron)
0.5 e LEPS(2005) :
] v SAPHIR(2003) .
- o SLAC(1973) . - Hidden strangeness
O 1 | 1 ] | 1 | 1 :
g 2 4 5 6
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Phi meson photoproduction

3 ! | ! | ! | ! | ! E- ------------------------------------------------ -_----
_ _ - d(s5)
251 1 l‘h
- :
~~ 5 Lo " !
? _@4’ E L’.)
) 2 T B g L U >
~ R U P
> A T I : d >
8 15 %; T ¢ N e L L e L e L L L LEE L P L PP T LLEEEEE EE P L :
O .
g | : I
= g . Il OZl rule violation
% 1= fg | 0 BONN(1974) E
i < DARESBURY/(1982) | : . )
= ﬁ% o DESY(1978) . - Gluonic dynamics (Pomeron)
05+ e LEPS(2005) :
@ v SAPHIR(2003) .
- o SLAC(1973) . - Hidden strangeness
O 1'1 | 1 | ] | 1 | 1 :
§F 2 B .4 B 6
EY [GeV]
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Effective Lagrangian method

1 . _
Loep = _§tr[GWGW] + ¢iv"Dypg —qmgq

G =0,A, —0,A,—iglA,, A, D, =0, —igA,, A,= ZTCLAZ
Lo Leyy
quark and gluon degree hadronic degree of
of freedom freedom
at low energy
expliZ] = /Dq Dg DA exp [i/da:4 Locp| = /DU exp [i/d:z:4 Eeff]

Lepr = Lepr(U,0,U, V- --)

U =exp
\——

)

i/ 20
/

Hadrons

w

|
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1. Phi meson photoproduction

Previous works relevant to the

bresent work

Author Date Their work
Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV
T. Mibe et al | 2005 | Near-Threshold Diffractive ¢-Meson
Photoproduction from the proton
S.Ozkietal | 2009 | Coupled-channel analysis for ¢ photoproduction
with A(1520)
W. C. Chang | 2010 | Measurement of spin-density matrix elements
et al for ¢-meson photoproduction from protons
and deuterons near threshold
A. Kiswandhi | 2010 | Is the nonmonotonic behavior in the cross section
et al of ¢ photoproduction near threshold a signature
of a resonance ?
H. Y. Ryu 2012 | ¢ photoproduction with couple-channel effects
et al
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Previous works relevant to the present work
Author Date Their work
Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV
R R , ST T T T
. T. Mibe er al | 2005 | Near-Threshold Diffractive ¢-Meson - 2
Photoproduction from the proton 535
| s 3
''S. Ozki eral | 2009 Coupled-channel analysis for ¢ photoproduction i ¢
5 with A(1520) s o 2F % % =
------------------------------------------------------------------- ! NA i i
> 0
= B
. . . O 1.5 0 —~
W. C. Chang | 2010 | Measurement of spin-density matrix elements ~
et al for ¢-meson photoproduction from protons "g_ - .
and deuterons near threshold R
S -
S a7y :
A. Kiswandhi | 2010 | Is the nonmonotonic behavior in the cross section 05 _ﬁ % N
et al of ¢ photoproduction near threshold a signature “le
of a resonance ? . -
0 l 1 I 1 I | I 1
2 3 - 5 6
H. Y. Ryu 2012 | ¢ photoproduction with couple-channel effects E [GeV]
et al Y
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Previous works relevant to the present work
Author Date Their work
Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV
T B , 31T T 71—
. T. Mibe er al | 2005 | Near-Threshold Diffractive ¢-Meson g =
Photoproduction from the proton 535
o~ s _ ¥
''S. Ozki eral | 2009 Coupled-channel analysis for ¢ photoproduction i i -
5 with A(1520) L = 20 } ,,% .
------------------------------------------------------------------- ! NA i g i
> Re 0
: : : 8 15+ $ T =
W. C. Chang | 2010 | Measurement of spin-density matrix elements ~ R
et al for ¢-meson photoproduction from protons "g_ - '/ .
and deuterons near threshold R N
: -
S (& :
A. Kiswandhi | 2010 | Is the nonmonotonic behavior in the cross section 05 _ﬁ % -
et al of ¢ photoproduction near threshold a signature “e
of a resonance ? . -
0 l 1 I 1 l | l 1
2 3 - 5 6
H. Y. Ryu 2012 | ¢ photoproduction with couple-channel effects E [GeV]
et al Y
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Previous works relevant to the present work
Author Date Their work
Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV
3 l 1 I ] l 1 I I
T. Mibe et al | 2005 | Near-Threshold Diffractive ¢-Meson E 2
Photoproduction from the proton 535
~ | s X
S.Ozkietal | 2009 | Coupled-channel analysis for ¢ photoproduction i ¢
with A(1520) = 2F % % 3
o i :
> 0
2 B
: . : 15 0 N
W. C. Chang | 2010 | Measurement of spin-density matrix elements ~
et al for ¢-meson photoproduction from protons "g_ - -
and deuterons near threshold R
S o -
S a7y :
A. Kiswandhi | 2010 | Is the nonmonotonic behavior in the cross section 05 _ﬁ % -
et al of ¢ photoproduction near threshold a signature “le
of a resonance ? . -
0 l 1 I 1 I | I 1
2 3 - 5 6
H. Y. Ryu 2012 | ¢ photoproduction with couple-channel effects E [GeV]
et al Y
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Previous works relevant to the present work

Author Date Their work
Titov et al 1999 | Structure of the ¢ photoproduction at a few GeV
3T T 71 T
T. Mibe et al | 2005 | Near-Threshold Diffractive ¢-Meson E 2
Photoproduction from the proton 535
~ | s X
S.Ozkietal | 2009 | Coupled-channel analysis for ¢ photoproduction i ¢
with A(1520) = 2F % % 3
o i :
> 0
5 15F w @ -
W. C. Chang | 2010 | Measurement of spin-density matrix elements C\D
et al for ¢-meson photoproduction from protons "g_ - -
and deuterons near threshold R
= - f =
S a7y :
A. Kiswandhi | 2010 | Is the nonmonotonic behavior in the cross section 05 _ﬁ % -
et al of ¢ photoproduction near threshold a signature “le
of a resonance ? . -
0 l 1 I 1 I | I 1
e : 2 3 - 5 6
+ H.Y.Ryu 2012 | ¢ photoproduction with couple-channel effects - E [GeV]
: et al ; v
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Mechanism for phi photoproduction

Conventional approach
A.l.Titov et al. phys. rev. 60, 035205 (1999)

¢ %/(b ! %m/qb
= P -+ 70+
. D p/\\ /\p t-channel

Pomeron hadron exchange

hadron rescatterings
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Mechanism for phi photoproduction

Conventional approach
A.l.Titov et al. phys. rev. 60, 035205 (1999)

¢ 7%/(/5 ’YM/"‘M/Qb
~ P + éﬂo—l—n

. D p/\\p' p/\p/ t-channel
Pomeron hadron exchange

hadron rescatterings
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Blankenbecler and Sugar Equation
R. Aaron, R. D. Amado and J. E. Young, phys. rev. 174, 5, 1968

1
Ty —op = ép Tv. B — — 1 M. B,
YP—¢p YP—Pp (277)3/2w1w2 M; B; ¢p(w1—|—w2)2—s+ze Yp— M; B

M| P W o T K K~ K
B
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1 dk? (w1 + wo)
Typ—op = Vap—op T e / Yot —1
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1 dk> (w1 + w2)
T’Yp—>¢p = Vyp—gp T (27r)3 /mTMiBi—mt Tvp—>M7;B7;
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1 dk> (w1 + w2)
T’Yp—>¢p = Vyp—gp T (27T)3 / Q1 W TMqu;—mi Tvp—>Mz-B7;
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Detail of contents of hadronic rescattering

mg + my >~ 1953 MeV
mr + ma ~ 2013 MeV

Most |mportant term

T, p/M‘m ~° ”%ﬁaqu

o i . o p |

/p\pp/p\pp P ™p

j K ¢ VLL% ______________ / ¢ 7577 K* /

P p p/A1116\p p/A1116\p
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Effective Lagrangian A* = A(1520)

Y p K
‘C”YNN_ eN Y — AN au} A,UN >_<A*

; K
D A*

%7 : £y
' Likk =ie(0, KK~ —9,K K*)A" p><K

. “
K—|—"1 ‘ K—I— AT
YK JKNA
' Lorenae = " Nv50, KT A
N/\ A mk o0
0, — 0, —ieA,
e . —
x" K »nyKNA* — —1 IKNA N’Y5AMK+A*'U“

Mg

A A"
(@)

2
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Invariant amplitude

Mp, = TENAM G k2u75k1+[1+]¥N5~yu(p1), p "
’ Mg 2 - M : .
EKpIK NA* _,, 11+J\A/ifN D P - A :
u"'k £k : :

T MMk © B — M2 1u(py); ; K K

2egK NA* 2 p A

M = — uFysu ;
Tk My © PV T K

S
|
QS
=[x
e
i~y
=
™
=
o
=
S
=

Mr(yp = KTA*) = (Mps+ Mps+ Mg )FL(s,t), 1 1
Mp(K"A* = ¢p) = (Mps+ Mgt + Mpg.)Fr(s,t), T2 ;
ns
niA? 1™ [ noAd 1™ i 1
Fr(s,t) = - 1 — - 2 ; Ay 0.8 GeV
AT+ (s —M2)2|  [noAS +12 As 0.8 GeV
i n3Aj P maAf 1 As 1.0 GeV
n3A3+ (s — M2)2| [naA}+12] As 1.0 GeV
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11l. Numerical Result

w

1

10 E [ ' | ' [ ' T ' — Total
: ‘____,___-— — [P] Pomeron
2 v 0A _a—rT§ 5 T | — [H] Hadrons
10 E . P —— [T] t-channel w+n
~ ‘- _____ H — [B] Boxes
T [ LA e //T ---- [1] p Box
== Ak 'f"-----;---_.\‘ AW, ---- [2] @ Box
= 0°F: 4 g e <3 |- [3] o Box
.> E-j 7 B E ---- [4] = Box
Gl L R . ---- [5] KA(1116) Box
g 10 NV 1 |--- [6] K A(1116) Box
= e L 6 1 | ---- [7]1 KA(1520) Box
. & “-—----1 | m BONN(1974)
© 107E i o T 3 5 | © DARESBURY(1982)
® N e 5, T 1| A DESY(1978)
R - i SR 1| o LEPS(2005)
10! R = o | X SAPHIR(2003)
3 T 2 e .. 3| v SLAC(1973)
sl . L Se ) . ™
10 2 3 4 5 6
: E [GeV]
— | Y
Hadrons

. Hadrons + Pomeron
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w

. Hadrons + Pomeron

Huiyoung RYU The 7th APCTP-BLTP JINR Joint Workshop , July 14-19, 2013

C 1 /8 — 8¢p\ 2 (®) i
I1l. Numerical Result M(s,t):CpFN(t)Fd,(t)g( p ) exp(_gap(t))
1
10 1 ' | ' | ' I ' — Tota)
» ‘___,___-—‘ — [P] Pomeron
il v OA _& ~ & = * | = [H] Hadrons
10 E ' P —— [T] t-channel w+n
— “ ----- —— [B] Boxes
S Ed 47 S = 1 ---- [1] p Box
@ el | Prmemenanay 0> < ---- [2] ® Box
- [ i ol LT ™
AT & g == =g | ---- [3] o Box
o :_\l-' 7 B 4 | ---- [4] = Box
A 11---- [5] KA(1116) Box
g 10 NV 3 |- [6] K 'A(1116) Box
=3 E N L 6 1 |---- [71 KA(1520) Box
e 8 “=-----1 | m BONN(1974)
= LET., T ~~ vy
< 107F i S e, \ 3 | © DARESBURY(1982)
O SN e 5, PRl | A DESY(1978)
= [ | - T ¥ SV 1| O LEPS(2005)
10! Tteee e L — | x SAPHIR(2003)
LI 27 .3 v SLAC(973)
sl if g . R ) ; R
10 2 3 4 5 6
; EY [GeV]
— 5
Hadrons
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C 1 /8 — 8\ 2r(®) i
11l. Numerical Result M(s,t)=CpFN(t)F¢(t);( . ) exp(_g%(t))
101— T T T T
é | l | I -  Total
u . [P] Pomeron
R g OA _D—rT§ = + | — [H] Hadrons
106 E ) - P —— [T] t-channel m+n
e T Of/ -~~~ H -~ [B] Boxes
T vy /T ---- [1] p Box
D Y - TRAETN. ___‘_*1\__ ---- [2] ®» Box
> 10 4 R —— T =4 |---- [3] oBox
I v | S B { |- 17 Box
141 ---- [5] KA(1116) Box
I 3 [--- [6] K A(1116) Box
2 S A=t S 6 1 |---- [71 KA(1520) Box
i “=-----1 | m BONN(1974)
1L 7, =, S A LS 5 | © DARESBURY(1982)
! fm (O .. 1| A DESY(1978)
- o e W 1| o LEPS(2005)
0.8}~ W s By = | x SAPHIR(2003)
- P/ X H “.. 73| w SLAC(1973)
0.6 & P/ 4 T e B
- | . | | e
o4/ 0 4 5 6
GeV]
0.2
1 omeron
3 4
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Angular distribution

T T | T T [ T T T T T
0 -
10 N E,y = 2 GeV =
A ?
-‘\\ \ :
~ i
X ;
i - kS
e - — R—
N'—' 10 E \\\* E
> . ok :
(D] - R i
(—\2 - \ i
e i I \\ 22
ol LU s G X E
— ~ \ T~
ﬁ e \‘~ e ‘\
\ - ~~-\ ————— =\— —— —
B i 0 i
‘\\ b N \ \
‘3 \\\\\ b \
10 e \§‘§-- 3 \ =
- ~ -—\~— \ =
:'—--- \\ S _\--":
T P e e e e e :
. \\\\ \""
N remenagigvo )
— \ —
. ¥ I T R T S T M S N T T

No Pomeron contribution.

Hadronic process can explain
the angular distribution.

180

{ ¢ W\
@ Huiyoung RYU The 7th APCTP-BLTP JINR Joint Workshop , July 14-19, 2013

133 7€ 16 312



Spin density matrix and Decay angular distribution

0
Pyt = 3z d 3 XidisAy { Ly Xi, A
N £ I 137\
AA,,,\,,Af
1
P = &= Ty Mgy — Ay TA A i
N f f Ty7\VYy
A'y,AuAf
2 . § :
Pry = N A T)\f,)\Az,—)\qT)\f,A’ sAG 9 Ay
A!\/,A;,Af
3 1
P = = X M B s

A'y ,Ag,Af

1 1 :
Wi(cos i) = 5 (1= pho) + 53— Deos® 0 |
; 1-1 =

2Wa(dx — B) = 1+ 29,1, cos 2 — ®)
2nWs(px + ) =1+ 2p,A1_1cos2(px + D)

( P~ :polarization strength ~ (.95 )
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Definition of angles

®: azimuthal angle for the reaction plane
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o To.-1]* + |To.1)? T
Poo = 2 2 2 2 2 2 >\¢)\
T 1 1>+ |T-11* +|To,-1? + |To1]? + |11 —1|* + |T1 4] R

I ——T
- E=207GeV :

It 1080 — 07
Wi(cosOx) = 0.5+ 0.5cos® O

-3 T T R R 5
| E=227GeV { i If pgo = 0.5,

Wi(cosOx) = 0.25 + 0.25 cos® O

It 1080 — 17

Wi(cosOx) = cos® O

cos Ok .
T. Mibe et al. [LEPS Collaboration], Phys. Rev. Lett. 95, 182001 (2005)
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_ T, —1|* + |To 1| (T)\ \ )
T 1 1>+ |T-11|* +|To,-1? + |To1|? + |11 -1|* + |T1.1])? b Ny

It /080 — 07
Wi(cosOx) = 0.5+ 0.5cos® O

E =227 GeV i If P80 = 0.5,

Wi(cosOx) = 0.25 + 0.25 cos® O

It 1080 — 17

Wi(cosOx) = cos® O

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

Phys. Rev. Lett. 95, 182001 (2005) i7" i rromrrmmommmmmmmmmmmrommrr e
2 | T I T BB W AL N R EE 27TW2(¢K o ¢) =1 + 2p7’51 1COSZ(¢ ¢) :
E 67 (Jie § E 11 2nWs(pr + @) =14+ 2p,A1_1 cos2(px + P)
15 4 F e PSR T
1-;! 5 :iii I}i §- Pi_1 = 5(.0{—1 Imp?_,
N . E P-r 1: A1 = ;(pi—y +Imp7_,)
05 _ s -l ' 1 . )
> | 137 11 A= T T
l-l l 1 I | I | I | I | r I-l I | I | I | I 1 I | r : ?: * *
(.5] OE E=227GeV - g : 5 pi_1 = N[_THT 11+ T 1T 11}
L5 |- s 4 [
- —!r 3 11 T_3\_x, = £(=1)"""T),, at high energy
1 ] C """"""""""""""""""""""""""""""""""
i - i E 1 Pi-1— N’T11| P1—-1 = _N|T11|
0.5~ o I 7 ;
- . - 10 AL = i\T E A = _i‘Tl—l‘Q
obolot ottt Eelodol,lo1,0; == yimi=i N
T T 5 :
O — P O + P (natural) (unnatural)

{I
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Real part calculation

1 / dk3 (w1 -+ u)Q)

(2m)3 ) 2wiws (w1 +w2)? — s

b fao [Taklated [ R b0

21 W9 w1t w2)?—5 (w+w2)?—35

1 Rhf(h)
—I—(27T)3 NE /dﬂ In

TM'i B; —>¢pT7p—>Mi B;

it
p—/'s
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Real part calculation
(M;, B;) = (p, p) intermediate case
0.002 I | I I I I | I ! ! ! | ! ! ! ! | ! | | |
- - Re -]
— Im
— Re +Im
0.0015— —
> - . :
S preliminary
= 0001 _
= _ _
o
o
0.0005 - —
O | | | | | | | | | | | | | | | | | | | |
2 2.5 3 3.5 4
E_[GeV]
cm
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Summary of part |

What’s new ?

- Rescattering contributions are essential to reproduce the
bump structure near the threshold energy.

What’s questions ?
= Application of Pomeron at low energy is still in ambiguities.
We would like to determine the range of threshold energy of
Pomeron by calculating other scattering processes.

- How to determine the parameters in form factors !

What’s next ?
= Real part calculation and beam-, target- asymmetry are next
work.

- We are going to calculate the neutron target process via
similar rescattering processes. This is next project.

: {
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Introduction
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Diagrams

TYPE |
fy

TYPE I
I

TYPE ]

T
71‘_( ®* Kt gt

0"" "" ""

Pl QO
10 places photon can couple

fy
77‘&( K K .K
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Diagrams

TYPE |
fy

TYPE I
I

TYPE ]
T
71‘_( ®* Kt gt
0"" "" ""
Pt ()
10 places photon can couple
fy

X3 =24
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one example : the 2nd diagram of type | set
D & KN v
2 (1) * o = e = ggeew |
(k)Y K+ (p2) (ps3) Coxx = —ie[(OKHK- — 8(K~)K+]
',o' K‘f‘ ,.(0
(r)K: v w Lxnn = gr+NaM*150,K"N
.A ‘ E_\ Lyxrz- = gr+az-Z Y*:0,K A
(k2)p/(7“2) (73) Q~(p4) 5—Fn 70
Lgoz-q- = groz-a- OuK 7=~
+ My 2p1 - €
Ti—2 = iegg NA9KA=gKEQ U (P4)P3p ™5 13— 2 152 7‘2 7‘175u(k2) 1 m; X F,
3 1 K
F.o=1-(1-F)(1-F)(1-F)1-F) Fy(ri,r3,13) = Far(r{) Fp(r3) F(r3)
' A2, —m?
) F 2y _ °M
T — TllnvFl 4+ (TV101 + T2 + T3)FC M(T ) A%w _ 2
E A4 "
TyFy + - - : Fp(r?) = i
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B Some comments on the numerical calculation

<I>n(P;p1,---,pn)=/ /54(1’ sz)l_[(széz

# of integration — 31, — 5

(m1=mgo=---=m, =1GeV/n)
n body Phase Space
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Running time of one point calculation (£, ?,)

, (12 mesh points)
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Integration convergency check

STEP | :4 mesh points calculation (single machine & HTCaaS with PLSI)
STEP Il : convergency check for 6,8 and 12 mesh points

do/dt [nb/GeV’]
o
o
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Summary of part Il

What’s new ?
= There is no published paper for the Omega- photoproduction.

- We would like to suggest the minimum of the cross section.
= 4 body phase space calculation with the supercomputing power.

What’s questions ?
- We are considering about which parameter we will use .

(coupling constant/ cut-off in the form factor)

= Are there other important diagrams !

What’s next ?

= The differential cross section as a function of the invariant mass.
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