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Soft hadronic processes

a
(mb)

80
70
60
50 4

40 hpeen 2

30

a 30
(mb)

28 1

26 i

pp + 2170599808 1 9g 395~ 04525
pp @ 21.70s"0808 L 5608504929

Pomeron
Reggeo “

I

10 100 _ 1000
V5 (GeV)

o4 g

292 L

20

7 p: 13.635%9808 4 36025704920
‘?T+p . 13'633{].{1808 o 27-565_{]‘4525

10 /5 (GeV)

100

Donnachie, Pomeron Physics and QCD (2002)

a(t)

Reggeon (Meson exchange)
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 Describes an exchange of a family of
ordinary mesons.
» Governs relatively low energy regions.

* (p,w) trajectories (C=-1,natural parity) &
(J2,a2) trajectories (C=+1,natural parity)
are all degenerate.
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Soft hadronic processes
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Pomeron

e Is not associated with the meson traj.s.
e Has the g.n.s of the vacuum,

[=0 and C=+1.
» Governs relatively high energy regions.

e There 1s no deep theory reason for
the Pomeron hypothesis, but
the phenomenology based on which
turns out to be very successful.

e Assuming the trajectory:

ap(t) ~ 1.08 + 0.25¢

o oc @(0)—1 _ (008
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Elastic photoproduction of vector mesons
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* The dynamics of
Reggeon is related to
non-perturabtive QCD
in q-q sector.

e Unnatural parity (-1).

e OZI suppressed.

* Pomeron is the result of
non-perturbative QCD
interaction in gluon sector.

e Natural parity (+1).
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Elastic photoproduction of vector mesons
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e General vector meson exchanges (p,w)
[JPC(1)] are not allowed due to
their negative charge conjugations (C=-1).

e Vector mesons with exotic q.n. [JPC¢(1)]

are possible but they, possibly hybrid exotic
mesons, are not much known experimentally.

e s- and u- channel exchanges
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¢ photoproduction in low energy regions

vp — ¢(1020)p

—— Pomeron -
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* Meson photoproduction has been a very
useful experimental tool to investigate
QCD as a hadronic degrees of freedom.

e Abundant exp.al data are reported
recently at CLAS in low energy regions
(Evy=1.6~3.6 GeV).

[Seraydaryan, PRC.89.055206 (2014)] &
[Dey, PRC.89.055208 (2014)].

e Pomeron alone 1s not sufficient to describe
low energy regions.

e Our goal is to reanalyze them theoretically.



Sangho Kim (APCTP) Previous theoretical works for the yp — ¢(1020)p

* Nagano, Toki, Proceedings (1998)
: scalar glueball (J7'=0", Mg12'z3 GeV?).

e Williams, PRC, 57, 223 (1998)
: ss knockout, nonzero NN couplings.

* Titov et al., PRC, 60, 035205 (1999)
: scalar mesons (G,ao, fo).

e Laget, PLB, 489, 313 (2000)
: §,(1270) meson, two gluon exchange.

* Titov, Lee, PRC, 67, 065205 (2003)
: £,(1270), f',(1525) mesons, N

. Pomeron & pseudoscalar mesons (7t”,1)
In common.

t-channel contributions are widely studied.
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* Nagano, Toki, Proceedings (1998) <
: scalar glueball (J'=07, Mglzfz?v GeV?). 3 2.5 Fasoniasy
= 2f
e Williams, PRC, 57, 223 (1998) E % % ‘
: ss knockout, nonzero NN couplings. o L5 | ‘
E [ .
* Titov et al., PRC, 60, 035205 (1999) s Ir
: scalar mesons (G,ao, fo). - :,j‘?'“ .
e Laget, PLB, 489, 313 (2000) g L ey s
15 2 25 3 35 4 45 5 55 6
: §,(1270) meson, two gluon exchange. E(GeV)
e Titov, Lee, PRC, 67, 065205 (2003) Mibe(LEPS)PRL.95.182001(2005)
: £,(1270), f',(1525) mesons, N
. Pomeron & pseudoscalar mesons (7tV,1) | After an observation of the bump
in common. structure, most of works have moved on
— . . to the investigation of N™ resonances.
t-channel contributions are widely studied. 9




Sangho Kim (APCTP) Previous theoretical works for the yp — ¢(1020)p

* Titov, Kampfer, PRC,76, 035202 (2007)
: Pomeron + (zt%,1) mesons.

* Ozaki, Hosaka, Nagahiro, Scholten, PRC, 80, 035201 (2009)
: coupled-channel effective-Lagrangian method based on the K-matrix approach.

Suggest the existence of a N™, JP=1/2" resonance (M=2.250, I'=0.100 [GeV)).

* Kiswandhi, Xie, Yang, PLB, 691, 214 (2010)
- Assume a N” resonance of J¥=3/2" (M=2.10+0.03, I'=0.465%0.141 [GeV)).

* Kiswandhi, Yang, PRC, 86, 015203 (2012)
. N* of JP=3/2F (M=2.08+0.04, T'=0.50120.117(P=+), 0.570+0.159(P=-) [GeV]).

* Ryu, Titov, Hosaka, Kim, PTEP, 2014, 023D03 (2014)
: various hadronic rescattering contributions, focusing on the KA(1520) channel.

10
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Previous theoretical works for the yp — ¢(1020)p
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Sangho Kim (APCTP) Previous theoretical works for the yp — ¢(1020)p
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Theoretical problem for the yp — ¢(1020)p

vp — ¢(1020)p
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P — ¢(1020)p
— ol o Charged
CE‘> + Neutral
D Kiswandhi D ,(2080)
1.5— -1 =
2 KismandhiNR «o? U-channel ____t-channel
.i". 1+ j’% Plah = 45 GEVIC
= #1 =
© cos ecm =0. 925 =
022 24 26 238 210
03 =
20.2 -1 -0.5 0 U 5 1
0 ‘ cosf
=
S 0
%0-1 . cos6., =0
T ,
0 D.I . i
¢ : 2.6 23
arXiv:1403.3730, Dey Kim et al, PRD92.094021 (2015) 13




Sangho Kim (APCTP) Theoretical problem for the yp — ¢(1020)p

vp — KA(1520)
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Numerical results: Pomeron

e scattering amplitude: 7 (k1) @(A?L ss
',.t -~
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o form factors:  Fy(t) = ¥__ I , Fy(t) = 0
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Sangho Kim (APCTP) Numerical results: Pomeron
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Sangho Kim (APCTP) Numerical results: Meson exchange

Lspy = gopye™®” 0,A, POyts,  Lpny = —iQPNN_N 5PN,
£¢>3’}' = .%Sququ(f)wa Lsny = _Q'SNNN SN.

State Fraction(I;/T") 9sP(S)y

m(139) || (1.27 £0.06) x 1073 -0.040
P 7(548) |[(1.309 £ 0.024) x 1072 -0.210
n'(958) | (6.25+0.21) x 107° -0.217
S fo(980)| (3.2240.19) x 10-¢ 0.727
ao(980)| (7.64+0.6) x 107>  0.230
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Sangho Kim (APCTP)

f'ﬁj)P'}* = .%PTE‘“ va 3#14;;13 3:1(?)3: Lpnn = —iQPNNN 5PN,

Losy = gti?S'T“Awa o,

Numerical results: Meson exchange
40—

Lsyn = —gsnyNSN.

State Fraction(I';/T")

9oP(S)y

m(139) || (1.27 £ 0.06) x 1073 -0.040
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Sangho Kim (APCTP)

Numerical results: glueball & §, trajectories

e scattering amplitude:

M = Xyt MM uye,

M™ = —M (s, )T*

o effective Lagrangians for VVE interactions, (V,£) => (0%,2%) fields

1

Lo+ = igaﬁ(mﬁ + AP)E,

Lo+ = (A“£+A’3“)Eaﬁ+ (A‘*’-’* A**)ap

A28 — aﬁmaaﬁ%ﬁ_l_aamﬁaﬁvm_
VI,V — 9, V0PV

e transition operator:

VY = g"ky - ko — kK3,

Iy = Tl Qicraﬁ[gr“”g Yki - kot
kakﬁggu + gauk,ﬁ’k;& + gﬁukaku]

e scalar function:

1 g ﬂ'R(t}
Mi(s.t) = Fi(t)Fyv(t)— | —
(s,t) = Cr 1”"’”NR(SR) y
R (4 4 e O)(1 ~ ap(t)ary

Titov, Lee, PRC, 67, 065205 (2003)

N{)+ ™~ znlrirlr\.,r1'14‘?}1 Ckgg = —0.75+ 0251‘,1 Sg,[ =

No+ > 2sMy, ap =0.554+0.7t, sy =1

-1
gl
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E-**’ Y
o o

|t|min) [,lefGEVZ]
2
T E: T T T

do/dt(Itl

0.0&




Sangho Kim (APCTP)

Numerical results: Pomeron + rm Reggeon
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Sangho Kim (APCTP) Numerical results: Pomeron + 11 Reggeon
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Sangho Kim (APCTP) Numerical results: Pomeron + 11 Reggeon
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Sangho Kim (APCTP)

Numerical results: Pomeron + rm Reggeon
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Sangho Kim (APCTP)

Spin density matrices

| _NE=1985GeV | VE=1.995GeV ___

| VE=2006GeV____| Ws=2015GeV ___

VE=204GeV |

VE=2055GeV ___

[ N5=205GeV. | Vs=2.075GeV | Vs=208GeV | ys=2095GeV __

NE=2105GeY.__|

| Vs=2215GeV____

-1 O5 0 05 1
c-osﬁim
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Sangho Kim (APCTP) Summary

< @ photoproduction, yp — @(1020)p, is reanalyzed.
<> A bump structure is observed at both LEPS(2005) & CLAS(2014)
Collaborations in forward angle region.
< N* scenario may not be a correct answer for this description.
<> Various contributions from t-channel exchanges are considered
in addition to the dominant Pomeron exchange.
= pseudoscalar meson (sT,1)

= scalar meson (0,2,

= glueball I7=0", M =3 GeV?)

= f, trajectories ...

< More extensive studies are required.
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Sangho Kim (APCTP) Summary

< @ photoproduction, yp — @(1020)p, is reanalyzed.
<> A bump structure is observed at both LEPS(2005) & CLAS(2014)
Collaborations in forward angle region.
< N* scenario may not be a correct answer for this description.
<> Various contributions from t-channel exchanges are considered
in addition to the dominant Pomeron exchange.
= pseudoscalar meson (sT,1)

= scalar meson (0,2,

= glueball I7=0", M =3 GeV?)

= f, trajectories ...

< More extensive studies are required.

Thank you very much
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