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1 Based on our dynamical reaction model (a), we will apply for the model (b) to
make predictions for J/1p photproduction for future experiments at EIC and JLab.

1 We will improve the model (b) to relate the phenomenological ¢ quark-nucleon
potential to gluon GPD in nucleon, such that the gluon distributions in nuclei

can be predicted for EIC experiments.

Contents based on

a [S.H.Kim, T.-S.H.Lee, S.i.Nam, Y.Oh, PRC.104.045202 (2021)]
b [S.Sakinah, T.-S.H.Lee, H.M.Choi, PRC.109.065204 (2024)] -




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

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)
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final state interaction (FSI) ton.on(E)
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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)
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r sof H N s
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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)]
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The best fit was obtained by (v, = 0.2, a = 0.5 GeV).
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the scalar-meson exchange amplitude calculated from the Lagrangian:
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2. Formalism [y p - ¢ p] Sangho Kim (SSU)

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).
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Born term total cross section [y p — ¢ p]
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Born term total cross section [y p — ¢ p]
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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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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)E4(q — k) - FSI ) :
= AFr (k) HT™ (K, q, E —| pIMP FSI
19 |~ Ex(q =Kkl = By (0(k| — g rC[}SMHI r(tjr(k, q) (k,q,E) T(E) =T™(E)HTPYE)
v “‘He — ¢ “He YPo QP T = _Z]A [Bon.yn. + Tgn, o]
AF(t' k', q) - 1
T["S-](E) — TM@A(E)E _HﬂT]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

|
E)= VE)+ [ dk"Ugnoati, ' E Topoa('. % E)| (in c.m.
Tm.m(lf,»‘f E) Um.m(&f JE) + f K UpppalK, K )E ZEv(k") — Ex(K") + i€ ¢A‘¢A( ) (In c.m.)

0 Within multiple-scattering theory, (A potential
is expressed in terms of N scattering amplitude.

Upapa(E) = ) ton,gn (@)
16

i=1,A
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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 (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 g
E, [GeV]
0 The total cross section for ¢p*He production is about 4 times larger than (N production. 17



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)

» by
o =]
LI I B B K

d6/dt(1U=ltin) [M/GeV?]
S
2

i e  LEPS (2005) |
I .L. CLAS (2014) |
I !'Ir;._. llllll LEPS (2017)
A =il ——— Pomeron —
1.0 o T
-V Pom + 1t 7
‘I.. ’ b
= " If ..................... [ ! ] _.]
0.0 S S Ery YERIPS OO OO TV T T
2 4 6 8 10

» 1s not due to the N* contribution.
» may arise from another mechanism.

v “‘He — ¢ “He

15 — — —
SN
8 o LEPS data
= 10 Pomeron _
=S Y — full
£ |
= 5 _
3 4
b - T
o L
[ 3 | A i ; i I
15 2 25
E,[GeV]

[Exp: Hiraiwa (LEPS), PRC.035208.5 (2017)]

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

19
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1. Dynamical Model [y p - J/Y p] Sangho Kim (SSU)
[S.Sakinah, T.-S.H.Lee, H.M.Choi, PRC.109.065204 (2024)]
0 They obtain the phenomenological J/ potentials, V4N =N yyith -2

no VMD assumption by taking the cc structure of J/1 into account ”’“’@— I

to define the model Hamiltonian: H =Ho + ', + Ve + VN

o It is assumed that the interactions between the cc quarks in J/1p and
the nucleon can be defined by a phenomenological quark-N potential [ven. N ' N

0 The y N — J/y N amplitude, B*N~ "%~ and J/y N — J/p N potential, V/¥N=/uN
are defined by the cc-loop mechanisms.
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1. Dynamical Model [y p - J/Y p] Sangho Kim (SSU)

0 They obtain the phenomenological J/ potentials, V4N =N yyith |
no VMD assumption by taking the cc structure of J/1 into account Kt Q D
to define the model Hamiltonian: H = Ho + I'yc + Ve + Ven R

—_ ﬁ':r!."-'
0 It is assumed that the interactions between the cc quarks in J/4 and \)
the nucleon can be defined by a phenomenological quark-N potential |ven. N f N

0 The y N — J/y N amplitude, B*N~ "%~ and J/y N — J/p N potential, V/¥N=/uN
are defined by the cc-loop mechanisms.

O The unitary condition requires the J/1-N FSI effects must be included.
T’ N 7N = TpYN= N + Tpop Y NN

— (ByN—>J/1pN + Tfsin—>J/1pN’ + TpomyNeJ/wN
1
W—%+EB

Wlth Tfsiy N-JyN| TJ/lp N-JyN vN-J/yN

o| T N= v Ngcattering amplitude is calculated from|V¥N =N potential,
by solving the Lippman-Schwinger equation :
T NI N R7Ip N =T N [ J 73 N - Iy N (GIAN = JN Iy N - Ty N

20
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1. Dynamical Model [y p - J/Y p] Sangho Kim (SSU)

[S.Sakinah, T.-S.H.Lee, H.M.Choi, PRC.109.065204 (2024)]

0 It 1s assumed that the VN potential can be constructed by the Folding ¢

model using the quark-N interaction ey and the wave function @y : ””@7 Iy
Vnyn|= (dv, N| y: Uenl| @y, N)

0 The wave function and ven| potential are also used to construct the amplitude:

lee) (e
BVN.,}’N(W) — (t;f)v, Nl Z UeN ng . H{) Fy,cE h”& N)

[

> Tp' N> N js completely determined by |[ven (1)!
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1. Dynamical Model [y p - J/Y p] Sangho Kim (SSU)

[S.Sakinah, T.-S.H.Lee, H.M.Choi, PRC.109.065204 (2024)]

0 It 1s assumed that the VN potential can be constructed by the Folding .
model using the quark-N interaction v.x{and the wave function @y, : M@— I
Wnyn|= (v, NI ) _|venidbv, N)
0 The wave function and ven| potential are also used to construct the amplitude: 5
- N ' N
|cc) {(cc|
Byy ,n(W) = (¢y, N| Z{,: UcN Eaeh; Fy.c5:| |y, N)

> Tp' N> N js completely determined by |[ven (1)!

0 To establish correspondence with the LQCD calculations, [vex ()| 1s chosen such

that the predicted|Vy~ (1) at large distances exhibits the Yukawa potential form : .|
—pr e—H1T % :20: 3
UCN(F)Z{I( " — Gy " ) §-40' gf
sl #H Jliﬁ -
0 1Y model : a = -0067, U= 0.3 GeV, c;=0 o 0z oa b de iz
2Y model : @ =-0.145, = 0.3 GeV, ¢s = 1, u1=5u [Kawanai, PRD.82.091501(R) (2011)]

21
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Sangho Kim (SSU)

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

R RN RS 2Y model
o :
=
=
o
0.1
a W v Comell75 |
(& N o SLAC75 ]
e 4 GlueX 19
10 E-J/ // o 8116% 23
Cy o -—— (LY,
[/ . —— (0,1,0)
,é?/ (TPom, B, Tfs1) _____ 21,1,0)
e — (.1
10-2 ‘x" . ol ey
4.5 5.0 5.5 6.0 6.5
W [GeV]

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

0 Together with the determined vex (r) and wave function ¢y, generated from CQM, B model,
22

the diff. cross section data could be well reproduced at low energies.
e e e e e e P e T PR



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

1) —TT —TT —T —T—T—T]
E ' ' . . ] 1Y & 2Y models
B ] IF T ; T . T
F 11
F i : E L6 - 10U Gel' 1 i.*i:- E_=1 44 GeW
— % — - —
::'. & :'; 0l }u L
1 — — 0.l
— E % ol H‘“ﬁ-q,,_h 5 %é :"‘k'-::'\u:_,____ %é \Ht‘ﬁi____
e - = e = A = e
= =] s %“;“—-___ _ Bow i o] Bom ""---".__M“-- :_‘“————_
-5\_.‘ ‘*xl‘___..., 1 v R““—'—--.h_!_!' |
“b oo1l—y 5 NN o.001 : T & o.001 : 5 % 0
0.1k - iGeV ) -1 iGeN ) -1 iGeN )
E E E 1y T T ! 1 8 r r r T ammey v T T 5
B E R Ey= 33000 o B =053 GeV b E_ =948 GaW
- o . - w L v
i L L = A% I &= t
opjb—uo v et b L e e s s g e 3;_' 4 = 0.1
g 4.2 44 4.6 4.8 5 c s 2 e o
W (GeV) g E E N
~2¥ e -
LU R E o e & S
— - -
2 L J T 1 y T 1 # T 3 1 T X ¥ 0L 3 i a 1 3 o+ = a 1 E é 3 )
L 4 - 1 (GeVT) -1 (GeW ) -t (GeV)
- short range behavior of ven (1)
1 — Teaz a T T T | s T ' T 5
L : E_ =963 GeW T E, =992 GeV
L b
ZY“J =2 ].l] n:; g . f = 0l —‘}n \\ T
1 o ok * 1 ]
e o = g G U g g i W
= s i 5 R e
Eani Rt Boai B T
—_ = e = = — Y
T n o
2001 3 3 .'1 3 A 0.001 i 3 E 3 & 7 0.001 E ) &
| -t (Gev ) L (GevT) -1 EGeV )
2 —
1Y( p=0.3 GeV) ,
| IE_ E_ = IIIE Gy 3 IE G U3 E_ = 1156 GeV 3
3 P SR I T SN, N TR TR LN T | o . .
0 0.1 0.2 0.3 0.4 0.5 & & o I g
r(fm) S . = ] =
Eon S T Eom H‘“"?---.ﬁ_ T Eom ?_“———
01 5 - : 2 ooy - T 5 o0 ; R :
-1 (Gevy - 106GV ) -1 EGeV )

0 The large difference is observed at -t > 2 [GeV?] between the two models.

0 It originates from the very diflerent short range behaviors of the potential ven (1). 23




1. Dynamical Model [y p - J/Y p] Sangho Kim (SSU)
11 o G B I e S o o
f 0 The cross sections in the very near threshold region are largely
e 1 determined by the FSI term.
o ! | 0O These demonstrate that J/y-N interactions can be extracted rather
g | clearly from the J/\ photoproduction data within this model.
TR Ve %5 o More precise data from JLab in the very threshold region and
- in the large scattering angles are called for.
o YTHE 1 o The parametrization of quark-nucleon potential ve (1)
E i “‘——— o 1 1s guided by the Yukawa form extracted from LQCD calculation
€ L e | and must be improved by using more advanced LQCD calculations
Sooaf Nﬁ. 1 of J/ N scattering, in particular the short-range part of the potential.
A %1.5 U

0 Talk by S. Sakinah tomorrow in detail
24
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Sangho Kim (SSU)

1. Dynamical Model [y “He — J/{ “He]

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 27m)* |kPEy(K)E4(q — k) - i >
= |AFr(t)t(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)
TIMP| _ E [Bt#ﬁ"h}’”f + Ttﬁh;;i}’h’f]

v ‘He — ¢ “He YP— PP Z
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1. Dynamical Model [y “He — J/{ “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 | Qn)'kPE/(E(g—K) : " : — —
190 |~ TEx(a — KK + B QK| — fafeos a1 L D0 2 TE ST EHTE)
v “He — ¢ “He YP— QP T =) [Bowrm + Tk yni)
i=14

E — H)

Ttotal — TD + TPom

v “He — J/ “He : = (B + Ti) + Teom
Tw=T — B

W — H, + ic




1. Dynamical Model [y “He — J/{ “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 ) KPE (OE\(g - k) : I
= APy (1, Tk, ¢, )| T B LITe
A | EA(q — KK + Ev(K)(K| — |q] cos fap)] 1 q D foi
Y 4He - J/w 4He Y p - J/w p Ttotal = TD + Tpom
5 v *He — J/y “He
10 E ' ' ' ' T ' - - 3 SEMN— | -
101; (TPom, B, Tfsi) /’_’E 103? (1, O, O) J/‘l’ 4He =
1o°i 10°F
2 10‘12 2 10's
© : © OE Cornell 75
10°F o 4 10°; sLacTs
Y 5 ZEUSOr -
0% g Y 107 H19% & 00
: — @&LD g GlueX 19
C ] C GlueX 23
-4 | 5 e
10 1
5 10 15 0 "

0 The data from EIC and JLab is called for to shed light on the mechanism of J/1 “He photoproduction. 26
e e e e e e P e T PR

W [GeV]



1. Dynamical Model [y “He — J/{ “He] Sangho Kim (SSU)
0 The dip structures shown at -t = 2 [GeV?] are 1
due to the structure of the “He form factor Fr(t).
0 The FSI contributions are relatively suppressed by factors of about 10°. : m o
0 The “He form factor for V18 (Argonne V18) and NV (Norfolk-Verginia) o ” )
model exhibits rather different shapes at large angles. e
v*He - Jiy*He  (Trom, B, Tt) v4He > Iy *He  (Trom, B, Tisi)
oo T %?8; W=70GeV || |  72Gev {10 ol — x{]s' W=70Gev || |  72Gev {10
ot — Y 110" 107 10"

do/dt [nb/GeV?]
do/dt [nb/GeV?]




1. Dynamical Model [y “He — J/{ “He] Sangho Kim (SSU)
0 The dip structures shown at -t ~ 2 [GeV?] are _
due to the structure of the “He form factor Fr (t).
0 The FSI contributions are relatively suppressed by factors of about 102 : m o
0 The “He form factor for V18 (Argonne V18) and NV (Norfolk-Verginia) ““" .
model exhibits rather different shapes at large angles. e

v4He — Iy *He  (Trom, B, Trs)

, v4He — J/y *He of — vis ‘W=7.0GeV || 72GeV | 0
10°F—— — 3 - 1
" (L1 ]
1015_ ( ) T 104
E -8
of 110
10°F QL
N % 10
S 10 ¢ Q
= f = 110"
2 —
© 107 B ’
10°F < "
10 10°
{4
107" N
1107

0 With only the total cross section, it is difficult to distinguish the “*He form factor used in calculation. 23
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1. Dynamical Model [y d - J/ d] Sangho Kim (SSU)

0 For spin J = 1 deuteron, there are two form factors Fo(k) and Fx(k) S _
due to the s and d wave parts of the deuteron wavefunction, respectively.

0 Fa2(k) is due to the crucial tensor force of the NN potential and
can be probed by J/1 exclusive production process clearly.

preliminary results

, . , — . , — — - . , . , . ,
] a0 -

Tee(Mh =

. 1 | 1 | 1 .
le-( i L L = L L 3 L 3 L le lil'ill:I

0 The very near threshold covers only large -t regions where the cross sections are mainly
due to F»(k) and thus is very effective in testing the d-wave state of deuteron wavefunction.

0 At high energies, small -t regions are also covered such that the dip structure is shown. 29




Sangho Kim (SSU)

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

0 How do the cross sections depend on the NN model used in generating deuteron wavefunctions?

1
il
- VI8
s : Ty
4 - IEI ; *‘“a-_.
il | i S, ChBam
3 i W e
H l". o P —
- " vy |
i 1h
ol ¢ it
3 i T
"
i i 1 i i
leds
i 3 P T 12 14
kifm'
T T T
6 GeV
V18
i i i
1 35 % 35 4
AGeV)

preliminary results

01

il

V18 (Argonne V18)
NV (Norfolk-Verginia)
CDBonn

0001
ool
le15 ! !
0 B 10 15
Eifm'

00l g

oo |

I-.‘- :

:.?_I L

] % Je15 E

g E

le-06 |

. L leil?

0 They can be distinguished at energies near threshold.




2. Meson Exchange Model [y p — J/Y p]

Sangho Kim (SSU)

[S.H.Kim, in progress]

g

17, ...

v J/
AT,

/‘\

p p

AXc0s Xels -
I

o

0 There are many cc mesons above J/1p meson.

0 Their contributions may not negligible compared to
those of light mesons.

0 Which mechanism 1s more dominant?

light mesons CC Mesons
light mesons
Mesons Mass {JP) R 9/ v— M~ JMNN
T 134 (07) | (3.56 £0.17) - 107° 0.002 13.0
n 548 (07) | (1.108 £ 0.027) - 1072 | 0.011 6.34
' 958 (07) | (5.25+0.07)-10° 0.026 6.87
fi 1285 (1) (6.1 £08) 107" 0.0007 2.540.5
n-(15) 2984 (07) (1.7 £ 04) - 1072 2.14 0.0289
CC Mesons
Mesons Mass (J) Ta [MeV]| Bra e %] [90— 7704 Bras pp IM—pp
Xeo(1P) 3415 (07) 10.8 1.40 + 0.05 1.47 || (2.21 £ 0.08) - 10~ *| 0.0046
Xe1(1P) 3511 (17) 0.84 34.3 + 1.0 0.10 || (7.60 £ 0.34) - 10~°| 0.00084
ne(25) 3638 (07) 11.3 < 1.4 < 1.51 seen -
Ye1(3872) 3872 (17) < 1.2 > 0.7 > 0.008 not seen -

CC mesons
(including non-qq states)

n:(15)
J/Y(18)
Xco(1P)
Xe1 (1P)
he(1P)
Xe2(1P)
1:(25)
¥(25)
W(3770)

1y (3823)
was 1(3823), X(3823)
s (3842)

0t (0 ")
[]_
[]+
[]+

e =
+ 4+
o+ o+

=
+
L T o et s, T ot D s D s, T i
[ ]
+
+
[ T e e T



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]

32



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* 33



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

0 Two pronounced cusp structures are located at the DA. and D" A, 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. Box Diagram Model [y p - J/Y 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
DA. :3 terms
D*A. : 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 Bethe-Salpeter 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°.
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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 suggested three models for vy p — J/p p :
dynamical model, meson-exchange model, Box-diagram model

<> Based on the two dynamical models, we investigated v A — J/\p A (A = d, “He, '2C, '°O, “°Ca) reaction.

<> For both ¢ p and J/\ p photoproduction, the meson-baryon loops seem to be
the dominant processes rather than the pentaquark (P, P.) contributions in the s channel.




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

<> We will improve our model to relate the phenomenological ¢ quark-nucleon potential to gluon
GPD in nucleon, such that the gluon distributions in nuclei can be predicted for EIC experiments.

<> Approved 12 GeV era experiments to date at Jafferson Labarotory:
[E12-09-003] Nucleon Resonances Studies with CLAS
[E12-11-005] Meson spectroscopy with low Q? electron scattering in CLAS12
[E12-12-006] Near Threshold Electroproduction of J/ at 11 GeV
[E12-12-007] Exclusive Phi Meson Electroproduction with CLAS12
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<> We will improve our model to relate the phenomenological ¢ quark-nucleon potential to gluon
GPD in nucleon, such that the gluon distributions in nuclei can be predicted for EIC experiments.

<> Approved 12 GeV era experiments to date at Jafferson Labarotory:
[E12-09-003] Nucleon Resonances Studies with CLAS
[E12-11-005] Meson spectroscopy with low Q? electron scattering in CLAS12
[E12-12-006] Near Threshold Electroproduction of J/ at 11 GeV
[E12-12-007] Exclusive Phi Meson Electroproduction with CLAS12

Thank you very much for your attention
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