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Introduction [Exclusive photoproduction of vector mesons]

Sangho Kim (SSU)

0 Photoproduction of light vector mesons offers an ideal opportunity

for studying gluonic interactions at high energies.

0 Pomeron exchange is responsible for describing slow rising total cross section.
0 The production mechanism at low energies should be mvestigated with the recent experimental data.
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. high energy:

The two-gluon exchange is

simplified by the Donnachie-Landshoff (DL)
model which suggests that

the Pomeron couples to the nucleon like

a C = +1 1soscalar photon and its coupling 1s

described in terms of Fx(t).
[Pomeron Physics and QCD (Cambridge University, 2002)]

J low energy:

We need to clarify the reaction mechanism.

[Exp: Dey, CLAS, PRC.89. 055208 (2014)

Seraydaryan, CLAS, PRC.89.055206 (2014)
LEPS, PRC.96.062201 (2017)]
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2. Formalism [y p - ¢ p] Sangho Kim (SSU)

Born term
[ Scattering amplitude: 7,y «(E) = Bynn ]

0 We employ a dynamical approach based on a Hamiltonian.

H = Hy + Bynyn + U+ yn + Dve gn

=t > (Vyp.oy + Hc))
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g .

if we replace ¢, with k,: k, M*(k) =0

p.p*




2. Formalism [y p - ¢ p] Sangho Kim (SSU)

Born term

J Scattering amplitude: 7,y n(£) = [Bjvy | 4 Effective Lagrangians
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Born term
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final state interaction (FSI)

0 decay mode of ¢p-meson
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final state interaction (FSI)
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final state interaction (FSI)
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final state interaction (FSI) ton.on(E)
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we obtain these FSI diagrams.
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final state interaction (FSI)
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final state interaction (FSI)

b ¢ 0 The J/\-N potential from the LQCD data o
it e ~ Yukawa form (v,= 0.1, a = 0.3 GeV)
@ [Kawanai, Sasaki, PRD.82.091501(R) (2010)] E_go. _.
: " —ar S| i
f;r o :'\fr Vg]uon = — ‘ ! f 1N s
r sof H N s
0 which 1s assumed in our work, ¢@-N potential R R TR TR I EARE

r[fm]

The best fit was obtained by (v, = 0.2, a = 0.5 GeV).
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final state interaction (FSI)

b ¢ 0O The J/\-N potential from the LQCD data
gaiass G ~ Yukawa form (v,=0.1, a = 0.3 GeV)
@ [Kawanai, Sasaki, PRD.82.091501(R) (2010)]
> - > e or
N N Vetuon = — =

0 which 1s assumed in our work, ¢-N potential

The best fit was obtained by (v, = 0.2, a = 0.5 GeV).

0 The potential 1s obtained by taking the nonrelativistic limit of
the scalar-meson exchange amplitude calculated from the Lagrangian:

Ly = Vo(Ynyn®s + ¢" ¢, D)
Do 18 a scalar field with mass a (V= -8v tMg).

Vi
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final state interaction (FSI)

b ¢ 0O The J/\-N potential from the LQCD data o
~ Yukawa form (v,= 0.1, a = 0.3 GeV)
[Kawanai, Sasaki, PRD.82.091501(R) (2010)] = sl
=
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The best fit was obtained by (v, = 0.2, a = 0.5 GeV).

0 The @-N potential from the LQCD [1.yu. PRD.106.074507 (2022))]
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> We need to update our results based on the LQCD data.
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Born term total cross section [y p — ¢ p]
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Born term total cross section [y p — ¢ p]
osf 17 e :
06:— : \;:lt:wut N*
|
o 04
0.2} !
e _
: 10 100
E, (GeV) :
| T ' 3
1 1p-
7 P
1
7 @
i Ty
3 Y(ls)

0 Our Pomeron model describes
the high energy regions quite well.
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Born term total cross section [y p = ¢ p] with FSI
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vs = 2.1 & 2.3 GeV are due to
two N™’s although the magnitudes
are far more suppressed.

0 None of the N* — N decay is
observed firmly experimentally.

O

."}u

..............................

[Exp: Dey (CLAS),
PRC.89. 055208 (2014)] 14




3. Numerical Results [y p — @ p]

Sangho Kim (SSU)

2.41 cos#=0.925 H | 15{ cos6=0.875 b 0.9 cos §=0.825 | 0.9] cos 6=0.775 dlﬁerentlal CTroSS Sectlons
LA I ‘ T = TP=®P
0.61 cos#=0.725 0.61 cos#=0.675 0.61 cos6=0.625 0.61 cos8=0.575 = The Strong peak at VS = 22 GeV
e T T iy 04 M pers.lsts only in cos® = 0.925 &
02| 02| S5 02 W% 02| ARy, vanishes around cos0 = 0.8.
EOB cos 6=0.525 0.31 cos0=0.475 0.31 cos0=0.425 0.37 cos #=0.375 - The backwar d peaks q t
502 0.2 b 4 0.2 0.2
n —- ",
Zol S ™ 0| BTN | ] i Vs =~2.1& 2.3 GeV are due to
3 two N™’s although the magnitudes
0.15] cosf=0.3 0.15] cosf6=0.2 0.15 0.15] cos#=0.0 f d
o101 8 ;\ " 0], 0 o] are rar more suppressed.
e -‘.,::%*u‘ 0.05] T B 0.05] £ 0.05] . :
4 S T LG e~ KL} citon 0 None of the N* — @N decay is
Uiy Emo—0il iz Ee=Tl o L), =0 observed firmly experimentally.
0.08 ﬁ 0.08 0.08 0.08 | ’
0.04{/. f,‘_:f\u 0.04| £ N 0.04] /4 0.04 2~ _ 444# 4 i T
....:::7'-"-?. VWO B B : b A, BRSNS '\'T‘\'-’-‘..—.. ........
0.121 cosf=-0.5 0.121 cos0=-0.6 0.12 0.12 cos =-0.8
008 | + 0.08 " 00s) Iy 0.08
0.04] T ¥ 0.04 .*4 i 0.04] A" Tl 0.04] , ] +
‘".."':-\-7.':.7_,_?:1_"_ ) Ly Sy By ” ':'\-7-'.'.7._-_-_-:_.-.. A o i_::: } i A4
00055022 24 26 28 “0%0 2.2T[2.4" 26 28 V09022 24 26 28 Y000 22 24 26 28
Vs [GeV] 5 [GeV] Vs [GeV] Vs [GeV]

N*(2000,5/2*) N*(2300,1/2%)
e e e e e e P e T PR

<« Pentaquark P.[uudss] can be

studied 1in this region. 14



3. Numerical Results [y p - ¢ p] Sangho Kim (SSU)

Rescattering diagram
[vp—@pl

K(494)

0 To satisfy
the gauge invariance,
we should include
the t-, s-channels, and
contact terms
simultaneously.

_I_

>:<
0 It satisfies the gauge invariance by itself. I
: I

! Y/ @® I'K*->K*]=9.8-102% ) Y/ @ electric charge
K'(892) ['[K?— K%]=2.46 ‘10" % K(494)
K - @ SU(Q) flavor symmetry ® I'[¢—->KK]=49.1 %

i 8ok K = &puwn /N2
A(1380), A(1405) i 2(1660) 2(1670)

16
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4.y *He - ¢ “He] Sangho Kim (SSU)

Jd We employ a distorted-wave impulse approximation.
S . e F(q) = Fy(q)Fr(q" =1)

0 Including the FSI term, we can write DCS for spin J=0 nuclei: Fe (FN) : nuclear (nucleon) charge FF
do | (27)" KPEy (K)Ex(q — K) - = : — _
29 |~ TEx(q =K + Ey () (k| — [q] cos o) |AFr ()t (k, q) HT ™ (k. q, E)) T(E) ={T™ (E)HT™YE)
v “‘He — ¢ “He YPo QP T = Z [Bon.yn. + Tgn, ]

i=1,A
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Sangho Kim (SSU)

4.y *He - ¢ “He]

1 We employ a distorted-wave impulse approximation.
poy F(q") = Fv(@")Fr(g® =1)
Fc (FN) : nuclear (nucleon) charge FF

0 Including the FSI term, we can write DCS for spin J=0 nuclei:

do (27 )* [k[Ey (K)Ey(q — K) = FSi 2 ~
— AFr ()i (k, )| HT™ (K, q, E —| IMP FSI
19 |~ Ex(q =Kkl = By (0(k| — g rmém)ll r(tht(k, q) (k,q,E)| T(E) =|T™M(E)|H THYE)
v “He — @ ‘He Yp—@p TMP| — _Z]A [B¢Nf.yhf,- + T;;‘};M]
AF(" (K, q) , 1
T["S-](E) — TM@A(E)E _HGT]MP

Tk, q,E =fa'k"T k.k'.E ,
=il onealt X N EE, () — Ealg—K) 1 ie

0 T™": the term that ¢ meson is produced from a single nucleon in the nucleus
0 T the effect due to the scattering of the outgoing ¢ with the recoiled nucleus

0 We solve the Lippmann-Schwinger equation:

|
/ —_— ' E d ”U 5 ”,E T x”) prE 1 . .
Toagalk, k' E) U¢A.¢A(K:1‘f E) + f kK Uppgalic, )E CEy (") — Ex(K) + ic ¢A,¢A( ) (in c.m.)

O Within multi.ple—scattering theory, $pA poter}tial Uproa(E) = towom (@)
1s expressed in terms of N scattering amplitude: i=1,A
17
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Jd We employ a distorted-wave impulse approximation.
S . e F(q) = Fy(q)Fr(q" =1)

0 Including the FSI term, we can write DCS for spin J=0 nuclei: Fe (FN) : nuclear (nucleon) charge FF
do (21)* [k*Ey (K)E,(q — k) - FSi 2 ~
= AFy(t)i(k, Q) HT™S (K, q, E _[7vp FSI
o |EA(q_k)|k|+Ev(k)(|k|—|(I|CDS@Lab)|l rjk q)HT™(k, q, E) T(E)=T™(E)HT™YE)
v “‘He — ¢ “He YPo QP T = Z [Bon.yn. + Tgn, ]
i=14
3 T

: -+ Pomeron
[ — full

T BT
E, [GeV]
0 The total cross section for ¢p*He production is about 4 times larger than (N production. 18



4.y *He - ¢ “He]

Sangho Kim (SSU)

1 We employ a distorted-wave impulse approximation.

0 Including the FSI term, we can write DCS for spin J=0 nuclei:

Fq) = Fn(g)Fr(q" =1)

Fc (FN) : nuclear (nucleon) charge FF

4112
do | Oo'RPEMEG-W e
dQuap | |Ealq—K)|k| + Ev(k)(|k| — |q| cos Oap)] ’
v “‘He — ¢ “He YP2 PP
}’4HE —}¢4He
10' | ) 1685 = E, < 1.885 HF ' '—;I 10
1{}“ ; l;:lllnemu -é 1{}“‘
_w'E T | | i 3 10!
% | (d)2.085 = Eyc:zlﬂflé 10’
:;;L <10
N D o
S i
E PN NN SN SN TN SN NN SO S S W | 3 10
.-U lﬂl T T T T T T T T T T T T T T T T T T T T |4 1{'}'
(€) 2.185 = E, < 2.285 (1)2.285 < E, < 2.385 3
10" é 10"
10" KE 10"
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 0.05 0.1 0.150 0.05 0.1 0.15
t' [GE:"UE]

(ub/GeV?)

da/dt

Fsl 2 3
T™(k,q,E) T(E) = T™P(E)|H TFYE)
IMP|
T = 2 : [B¢M'~}"Nf + TN yw]
i=1A
y4Hc —}gﬂr“Hc
i T T T T T T T T T T T T T T T T T i
10 ' (2) 1685 < E, < 1.883 " (b) 1.885 5 E, < 1 9839 10
- 10
— [mpulse + FSI =. ]
10°E - i 0*
.12 == FsI | | | | | | | [ | | | '- 3 | | L .12
lqﬂn T T T | | T | T | ]_Hn
{L}I 1 93# Ey 22 08’4 {d}z ﬂﬂﬂ E,, -2 1852 1
10" 10"
10t 10t
- 2 1 1 1 I 1 1 1 1‘1"" 1 1 1 I 1 1 I 1 1 1 ‘I’ 1 1 1 I - 2
1{:{{'}.:; T T [ T T T [ T T T ] T 1 T T R — lﬂﬂnl
(e) 2.185< E, < 2285 () 2285 <, <2385 = |
10" 10"
10 10
12 lﬂ-ll

0 The FSI contributions are relatively suppressed by factors of 10" - 10°.



4.y *He - ¢ “He] Sangho Kim (SSU)

v “‘He — ¢ “He

e 150 0

by
=

»
o
LI I B B K

o LEPS data
10k = Pomeron

[ — full

N
)
LI B B B

thoin) [1b/GeV?]

U

o  LEPS (2005) |
CLAS (2014) |

do/di(lti=Itmin) [Ub/GeV?]

llllll LEPS (2017) | —
1.0F ._."‘"- Lt e - iomeron g

i 1?: g Pom + T —6 |

,,f o L
O'O_ ,"'>‘| , ................... [ L oo [ | [~ I i
2 4 6 8 10
B, [GaV] b T e e 2 3
. * . .
> 18 not due to the N” contribution. [Exp: Hiraiwa (LEPS), PRC.035208.5 (2017)]

» may arise from another mechanism.

0 The peak position is similar to each other.
Any relation between them?

20



2.vyp=>Jlyp, yA->J/p A

vd—-J/pd




1. Dynamical Model [y p - J/y p]

Sangho Kim (SSU)

[Sakinah, Lee, Choi, PRC.109.065204 (2024)]

] I T T T L T T T T T T

02
./
/

f
f

do/dt (nb/GeV)

=
E
L N
[
i’

W= 4.055 GeV

Cornell 75 |

SLAC 75
GlueX 19

GlueX 23

--- (1,0,0)
— = (0,1,0)
..... (1,1,0)
— (L1,

50
W [GeV]

0 DL Pomeron exchange alone is not sufficient for describing the diff. cross section data.

PRI BT
5.5

P RS
6.0

6.5

do/dt [nb/GeV?]

Yp->Jpp

- (B =8.90 GeV ]

(Ey) = 8.93 GeV
. \
NN
\ .
L \ \'\_

9.18 GeV ]

9.33 GeV ]

9.48 GeV ]

9.63 GeV |

9.86 GeV

9.93 GeV ]

10.90 GeV ]
10.82 GeV

0 A dynamical model based on c-N potential vexand the @y, generated from CQM, B model,
the difI. cross section data could be well reproduced at low energies.

21
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1. Dynamical Model [y d - J/ d] Sangho Kim (SSU)

Theoretical Framework

1 Scattering amplitude: Ty, 4(E) = T#I”,LPTA(E) + Ty 4 a(E)

..........................................................................................

Ja |IMP : _
(kmy, @51 v [Tvina(E)lak, @5y, ) [ Deuteron wave function
2 :
= > (@ uyy | kv ltyn v @D]ad) [08'y,)| | Pply, (Prms,, Pams,)
= . =06(P - p1 — p2)I(Pp, p1p2) oy, (D, My, msy)
- A fd qud:‘ Mgl Mg E .o . :
- ’msz = ‘] Pou (®", ) relativistic effect of d b= <k
xI'(P'p ¢P1P2)¢5Md (p, ms,ms,) : :
x (kmy, pymy [ty NN (W)|gA, pms, ) wd(l}s Mg, Ms,) = Z (JaMa|LSMMs) B
: L,Mp,,Ms : P = pi1+p2
+ Fixed scatter approximation (FSA) x (SMg|LLmg my,) Yiar, (9)R(|p)), B = 1 By~
Let initial momentum p =0 : : 2 ’
L ) - 0Ja=1,S=1,L=(0,2) | 1 1
~ Aa(kmy, g ftywan@ollah Oma) 4 e P =PI PR) =P 5t
X Fary vy (t) ) )
0 Deuteron form factor 0 By choosing t in the z-direction - Lab
: a
Fyp g (t) = > Foolt) = VER[Fo(t) — V2Fy(1)],  |frame | |frame
My Mg M L1 - |lof d
—> F111(t) - F_11_1(ﬁ) = 4?T[Fg{t) + J—,iFg(t:l],
g% t T :
/ dp ¢y: (P + 5 My Mgy ) P17, (P M5, M) Fap o, () = 0 if M) # My, -




1. Dynamical Model [y d - J/ d] Sangho Kim (SSU)

Numerical Results Total Cross Section Differential Cross Section
d— Jhyd d—Jyd

0 Deuteron form factor : e , it
o'k 10°F (@) Ey=6GeV
Fﬂ‘ﬂ(t) = 4N[FU (t) - \/§F2(t)]’ 10"— —-- non-relativistic 3
i 1 il ‘g — relativistic
—] e B — e 1P 10 E [ Sf 1
Fl‘l(t) F 1, I(f) 4?T[F0[t) + ﬁFQ(t)], z % ik 3
e ' e - =) i ]
FM,';.ﬁfd (t) =31 8k Il’fd ?é ﬂffd, ~ 10-2%_ 5 10'3;' ‘
: S “
10'35 ;’ -- non-relativistic ]0-45 \\‘\ E
F — relativistic i ‘~\ ]

o T P N O BE o - U e e s PR
10”5 10 15 20 25 1% ! = 3 *
Ey (GeV) g

= 5 (b) Ey=8 GeV
— 10~ T T T T s 1
= (b) e 10" 3 - nc;n-_rc]at_ivislic E
% ; — relatvisic 3
%10'2? .
4L 4
-1 (GeV) 10

- -- non-relativistic 10° e B
(,”/ = rclativilstlic l Il ? I ‘? . o

A i}
11, S S S e ST G ST e S O S M M G 10°F _ E
6 62 64 _ 66 68 7 ; (@ By=120e" 2
Er(Gel) 10'E : -- non-relativistic
?‘; R — relativistic b
%10’2? 3
10
107 4
-t (GeV?) 23
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1. Dynamical Model [y d - J/ d] Sangho Kim (SSU)

Numerical Results Differential Cross Section Differential Cross Section

yd—Jhyd d—Ihyd
0 Deuteron form factor A o i S
. 0.4; (a) Ey=6 GeV _ 0k () Ey=6GeV ]
Fﬂuﬂ'(t) = 4N[Fﬂ (f) - \/EFE(H]! = 55 -~ s-waveonly ] - noFSA ]
el = gl it s -5 oo
I = 10°F full 3 S 10°F FSA 4
Fia(t) = F1,1(t) = Vian[Fo(t) + 5 F2 (1), 8 E s | :
= -6 . = _ﬁ'
if M’ 210 E 2I10°F 3
Fapom,(t) =0 if M) # My, = \ 5 Sl
‘B _T=— - B '?:_
= 10 F e E = 10 F —— E
10" 3 10°F = 3
| | | L ]
0 I 2 3 4 0 i ) 3 4
F T T T ™ F T T T ™
=) 10°F (b) Ey=10GeV ] 10k (b) Ey=8GeV ]
= i 55 ‘\. -=- s-wave only ] . 55 — noFSA ]
S100F — full 1 8 10°F Ao
v r 1 ] 2 L ]
g P A . & :
210F S10% E
= K T e ] . 5
L0 b - 2107k 3
10°F \ 3 10‘“:‘ ]
; .:'I L L L : TR E
0 I 2 3 4 0 4
-t (GeV?) i
10°F (@ Ey=10GeV ]
- -- noFSA ]
LF] 3 3
B
210°F 3
5 |
S 107F E
10°F 1




1. Dynamical Model [y d - J/ d] Sangho Kim (SSU)
Numerical Results 0 Deuteron form factor Differential Cross Section
0 Deuteron form factor . _vimivd _
: (a) — ANL-VIS ] 0 @Ey=6GeV
Fﬂ,ﬂ(t) = \/‘LE[FU (f) - ﬁFQ(f)]: 104;_ - gg:ggnn 3 — ﬁgLﬁVlS
[ 1 10-2? - CD:Bgnn 3

Fi1(t) = Fo1,-1(t) = Vian[Fo(t) + 5 Fa(t),
Faroar,(t) = 0 if M) # My,

Fo (D)

do/dt (nb/GeV?)
S
L

10'5;' 3
| | |
0 1 2 3 4
] T ' '
. Al b)Ey=8GeV
= 10" . . . ; 10°F o b 3
- F (b) — ANL-VIS ] ~ sf TANLVIS
r - NV-1Ia S107F — CD:Bgnn E
10 E -- CD-Bonn 3 8 i
2} -
_107F g R
- | 2 107F :
, 0 NN o
-t (GeV?) i 107F 3
4 B i | | |
107 0 1 2 3 4
3 ) F T T T L
| | L U I AL () Ey=10GeV _
107, I 2 3 4 5 6 10°F
-t {(GeV?) i — ANL-VI8
10k “+ NV-lla -
% F -- CD-Bonn
S |
£10°F - +
s |
S107F 3
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1. Dynamical Model [y A - J/Y A]

1 We employ a distorted-wave impulse approximation. , , ,
Fo(q™) = Fx(q" )Fr(g= =1)

0 Including the FSI term, we can write DCS for spin J=0 nuclei: Fe (FN) : nuclear (nucleon) charge FF

do (27)* |k[*Ey (K)E4(q — k) - FSI ’ .
= |AFr(t)r(k, ) HT ™ (k, q, E)|° T(E) = T™MP (g TFYE
A% | Ex@=K)K| + Ev(K) (k| — gl cos )] - Tl d (E) E)RTE)
T = Z [Bonyni + Tyx, yni)

vA-=Jp A vp—oJyp r'=l.A
, AF (1" )i(K', , 1
Tk, q,E)|= fdk*'rmm(k,k“,ﬁ) 3 _Ev(k;)(_ Ei(qq_)k,) e TFY(E) = Toro0E) —H{‘T]MP

0 T™": the term that ¢ meson is produced from a single nucleon in the nucleus
0 T the effect due to the scattering of the outgoing J/1 with the recoiled nucleus

0 We solve the Lippmann-Schwinger equation:

|
/ —_— ' E d ”U 5 ”,E T ’.C”:r prE 1 . .
Toagalk, k' E) U¢A.¢A(K:E E) + f kK Uppgalic, )E CEy (") — Ex(K) + ic ¢A,¢A( ) (in c.m.)

0 Within multiple-scattering theory, J/(pA potential UptoaE) = 3 ton,on,(@)
1s expressed in terms of J/N scattering amplitude: i=1,4
26
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1. Dynamical Model [y A - J/W A] Sangho Kim (SSU)

1 We employ a distorted-wave impulse approximation. vA-=Jp A

0 Including the FSI term, we can write DCS for spin J=0 nuclei:

YTA=JyA
|||| T Ll LI ||||| Ll L LI |||| Ll T Ll ||||||
- (a) 0,
4 Cs e
10 160) - . *He
s e 5 10 : ;
P o = s
E 10 i 10
2 10 F
=] :
10°F . Ey=5.37 GeV 442 GeV
10 1| 3

doldt (nb/GeV2) [y A — Jhy Al
doldt (nb/GeV?) [y A — Iy Al




2. Meson Exchange Model [y p — J/Y p]

Sangho Kim (SSU)

[S.H.Kim, in progress]

Y S/

|
AT, T, ...
I

p p

light mesons

7 J/v

]
AXc0s Xels -
I

o

Mesons Mass (J ')

T 134 (07)
n 548 (07)
n' 958 (07)
1 1285 (17)
ne(1S) 2984 (07)

CC mesons
Mesons Mass (J")
xeo(1P) 3415 (07)
Xe1(1P) 3511 (17)
ne(25) 3638 (07)
xe1(3872) 3872 (17)

o 0 (PS mesons) > o (S mesons)
[by one ~ two orders of magnitudes]

G [nb]

o Total cross section with light mesons included

10 E™

10

10

10

o Each Contribution

T L R S E—
— T
— 1M
— £1(1285) | -
L — Me _
F == %co(3415) 3
C ( —- Xe(3511)( 7
,ll ““““““““““““““
[ T 1 L
10 20 30 40

® GlueX 19
A Cornell 75
O SLAC 76

15 20
E, [GeV]

29



2. Meson Exchange Model [y p - J/Y p] Sangho Kim (SSU)

[S.H.Kim, in progress] Y" P — @ P [S.HKim, PRC.101.065201 (2020)]
T I /) N v
W W 10° E 10 F==x
- ; 20T { Zwff
AT, T, ... 0 Xl e - ' i .
' ‘T‘Xr.E].Xr.l_ o o'k *“a,_“_ B 0 LE
/.\\ w'r ‘H"-ﬁ:, 107k
P P p P e s S N ERE
o (PS mesons) o (S mesons)
< dominant — Pomeron Scalar meson

o The dominant mechanism can be verified by the future EIC and JLab data
for the spin polarization observables, e.g., beam asymmetry.

o In vector-meson (¢) electroproduction, Y p — ¢ p, we know that

S-meson plays an important role at low W and low Q?*for 0.
do 1

Ty = 2—(5 + gorrcos 20 + /2&(1 + &)orT cos CD) 0 =0T + £0L
T

o The role of ¥.0(3415,0%) can be found from the future EIC and JLab data

for v’ p — J/y p reaction at low W and low Q* 30



3. Rescattering Diagram Model [y p - J/U p] Sangho Kim (SSU)

0 Two pronounced cusp structures are located at the D. and D", thresholds.

o DA DA B
: + La.pNn = _gﬂ*Nﬁffic}’uND*ﬁ —igpna, AcysND
* o a0 —gpNA NV AD™ —igpya NysAD,
oL + o oho _
R bo 4, oo :
A 4o v f . .
© NI ° ﬁﬁl’ 1 ﬁyg; = —gwgg*wﬁéﬁmﬁ(ﬁuf)éﬁﬁl)' — BUDﬁﬁD;'),
10 ’ / N Comell 75 ‘ . n #1 *T * pykUT
! 4 GlueX19 +igy ppr " (D*0, D} — 9,D;, D
I — Pomeron D*U{é} D*T) ' DTE} Dw‘u
- T N T N B R — —1
1040 42 4.4 4.6 4.8 e Sy DD a
W [GeV] +8y A Acvut A,

< . > £
Ly = —gypp aneﬁmﬁ(D; gD —DagD,')
—ig},D*D*F“”DfD: —eAy, AFA,

Coupling gy DD Ly DD+ ZDN A, SDNA, By A A, 24DD

Value 0.134 GeV~! 0.641 —4.3 —13.2 —1.4 744
Source Experimental data [46] SU(4) [47,48] VMD [47,48]




3. Rescattering Diagram Model [y p - J/U p] Sangho Kim (SSU)

0 The presence of such cusps can be a clear indication of the importance of the charm loops.

14f

12:_ == ';'ma::.¢=1.ﬂ GeV
I Jmax=1.2 GeV

0 We calculate
D. : 3 terms
D" : 5 terms

o(yp-Jlyp) [nb]

i 1 i P i 1 i i Lo 1 I I i i 1 I i
8500 Q000 9500 10000
Ey [MeV]

[Du, EPJC.80.1053 (2020)]

0 We are trying to calculate this region by using the 3-dimensional reduction
of the integral equation for both principal and singular parts.

d q Mg, 1
TMB pa Z/ 2?1_ 3 E "]’p%MiBi(p? Q)S— (EMr. _l_EBI)Q_l_l.ETMiBi—}wap(qvp’)

Gec.m. B,

e . [ 001y 0.0 )] +P
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S L s s
Summary & Future Work Sangho Kim (SSU)

<> Foryp— ¢p,
we studied relative contributions between the Pomeson and various meson exchanges.
> The light-meson (T, 1, ao, fo,...) contribution is crucial to describe the data at low energies.

The final @N interactions are described by the gluon-exchange, direct (N couplings, and the box
diagrams arising from the couplings with N, pN, KA, and KZ channels. > suppressed by 10?- 10°.

<> For v ‘He — ¢ “He,
a distorted-wave 1impulse approximation is employed within the multiple scattering formulation.
> The FSI effects are suppressed compared to the Born term by 10! - 10°.




S L s s
Summary & Future Work Sangho Kim (SSU)

<> Foryp— ¢p,
we studied relative contributions between the Pomeson and various meson exchanges.

> The light-meson (T, 1, ao, fo,...) contribution is crucial to describe the data at low energies.

The final @N interactions are described by the gluon-exchange, direct (N couplings, and the box
diagrams arising from the couplings with N, pN, KA, and KZ channels. > suppressed by 10?- 10°.

<> For v ‘He — ¢ “He,
a distorted-wave 1impulse approximation is employed within the multiple scattering formulation.
> The FSI effects are suppressed compared to the Born term by 10! - 10°.

<> We investigated v A — J/\p A (A =d, *He, '°O, “°Ca) reaction.
> The FSI effects are sizable near the threshold.

<> We introduced two models for y A — J/1 A: meson-exchange model, rescattering-diagram model

<> For ¢ p and J/\ p photoproduction, the meson-baryon loops seem to be the dominant.

<> The pentaquark (P, P.) can be studied in the s channel diagram.
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<> Foryp— ¢p,
we studied relative contributions between the Pomeson and various meson exchanges.

> The light-meson (T, 1, ao, fo,...) contribution is crucial to describe the data at low energies.

The final @N interactions are described by the gluon-exchange, direct (N couplings, and the box
diagrams arising from the couplings with N, pN, KA, and KZ channels. > suppressed by 10?- 10°.

<> For v ‘He — ¢ “He,
a distorted-wave 1impulse approximation is employed within the multiple scattering formulation.
> The FSI effects are suppressed compared to the Born term by 10! - 10°.

<> We investigated v A — J/\p A (A =d, *He, '°O, “°Ca) reaction.
> The FSI effects are sizable near the threshold.

<> We introduced two models for y A — J/1 A: meson-exchange model, rescattering-diagram model

<> For ¢ p and J/\ p photoproduction, the meson-baryon loops seem to be the dominant.

<> The pentaquark (P, P.) can be studied in the s channel diagram.

Thank you very much for your attention .
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