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Soft hadronic processes
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Soft hadronic processes
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Elastic photoproduction of vector mesons

102 ]

|II1[I|

T III]

I T 1T Tiri

Yp 2 pp

I

10

—--
-
-
-
-

o (ub)

-
-
l"'-

§¢ P oopy

illll[‘ I

L L 1 411l

Ii]'il

1 10
W (GeV)

| | | Ill‘
10%

- - - - Pomeron
e e e e POomeron + f2

—— total

Laget,PLB.489.313(2000)




Sangho Kim
(PKNU)

Elastic photoproduction of vector mesons
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(Sﬁﬁﬁ%}))mm ¢ photoproduction in low energy regions

* Pomeron alone 1s not
sufficient to describe
low energy regions.
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¢ photoproduction in low energy regions

* Pomeron alone is not e Abundant data are reported at CLAS at full
sufficient to describe scattering angles & low energies (Vs = 1.9-2.8 GeV).
low energy regions. [Seraydaryan, PRC.89.055206] & [Dey, PRC.89.055208] (2014)
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¢ photoproduction in low energy regions

e Pomeron alone is not
sufficient to describe

low energy regions.
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e Abundant data are reported at CLAS at full
scattering angles & low energies (Vs = 1.9-2.8 GeV).
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¢ photoproduction in low energy regions

e Pomeron alone is not
sufficient to describe

low energy regions.

O.SE— _+_+
__04f c —t
ot T
203F T
o -~
0.2F s
f e —-— Pomeron
0.1 -
Elr//l | | | |
0.0 534 "5 %
By [GeVi
-
?

e Only forward angle

data existed before.

e Abundant data are reported at CLAS at full
scattering angles & low energies (Vs = 1.9-2.8 GeV).

4_0_..,...l...|...|...|...
o LEPS (2005) cos6=1.0
& o CLAS (2014)
%3_0_ ——- Pomeron
&) L
o)
=
4_22.0_—
-
310k
3 1.0
o
0.00+%

* We need a systematic analysis on ¢ photoproduction.




Formalism



?S%i%mm Pseusoscalar(m,n) & Scalar(ao,fo) mesons, Nucleon

. Feynman dlagrams for yp — @(1020)p
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Previous work: Pomeron + PS(7t,n) + N + assumed N°
Our work: Pomeron + PS(mt,n) + N + Odderon + S(ao,fo) + PDG N°




Sangho Kim Pseusoscalar(rm,n) & Scalar(ao,fo) mesons, Nucleon
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?Sﬁ%’)mm Pseusoscalar(m,n) & Scalar(ao,fo) mesons, Nucleon
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e Feynman diagrams for yp — ¢(1020)p
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We employ a Donnachie-Landshoff (DL) model. . 0‘0 _—

e scattering amplitude: pomeron
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e We choose N(2100), N(2120) & N(2300) from “PDG 2018~
to describe two bump structures at backward angles.
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e We choose N(2100), N(2120) & N(2300) from “PDG 2018~
to describe two bump structures at backward angles.

! ?, « Effective Lagrnagians
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) (NN* 3N (o F) 1.
D :N*/ D LiNR = GsNN +«N¢N* +h.c.

e I'N* = (200-300) MeV

1. Two bump structures are located near
their pole positions, i.e. Vs ~ 2.1 & 2.3 GeV.
2. We expect only lower partial waves would be important.
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Total cross section
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Total cross section
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 The total cross section is almost governed
by Pomeron and Odderon exchanges.

e Other contributions are small to the total cross section

but come into play significantly for the “differential
cross sections” and “spin-density matrices”.
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* PS- and S-meson exchanges, respectively, make constructive and destructive
interference effects with the dominant Pomeron and Odderon contributions.
e Three N* contributions improve the results at backward angles remarkably. 12



Sangho Kim Differential cross sections (1-2)

(PKNU)
2.41{ cos 60=0.925 1.5 cos#=0.875 0.9/ €08 #=0.825 0.9/ €08 6=0.775

,/'i$%: } |
| il SRR A —
(1)2 A‘ J@@WMW AR e~ ﬁ&fg&%@ﬁ‘%‘% 0.6 ‘kWWﬂ oo WﬁW*%% total

o 0.5 j&‘ 0.3 fi“ 0.3/ - P40
“ v

060%&ﬂna 0.6/ cos=0.675 0.6/ cos=0.625 0.6 cos §=0.575 ——— Born
— 144 4 g

0.4 0.4 0.4 0.4
T ey i Y
=02 & MEE Hhad 02 ;Pf HoaIRY ﬂ‘&ﬁ“«‘fy‘*ﬁw 0.2
> /ﬂ / / ]
L 03] cos9=0525 03] cos §=0.475 03] cos §=0.425 0.3
O
— 0.2 e %ﬁu 0.2 s b 0.2 0.2
L) i, + :{# %
i it Waas b
© 0.1 M ﬁ@‘f@g 0.1/ W, | 0.1 /M \EM‘QM& 0.1
— I I ] [ -

0.15] cos#=0.3 0.15] cosf#=0.2 0.15] cos#=0.1 0.15

i
0.10] 1, SBAaT 0.10{ 4 g 0.10 0.10
+} \\\'\\‘f\ y - + +4+ Iy
0.05 ’f \&Mﬁ‘ 0.05 )ﬁ \?%“?’% ;“*#%i@! . 0.05 | JAHE1

/ DR Yy . TR 0.05
’, TG, / \\:% !

0.12] cosf#=-0.1 0.12] cosf#=-0.2 0.12 0.12
0.08 0.08 0.08 0.08
Y el W
4 ig
0.04 ;é*il?:t%ﬁf‘g» 0.04 ;_—::_.ﬁ_&&w‘ 0.04 /W 0.0414%7 ¥ 8 ‘
! "'\-\f.s‘_%m R ———" e / = / "-~-:.‘:.‘:_-?‘?‘_¥,_,_, -
0.121 cos #=-0.5 0.121 cos#=-0.6 0.12 0.12 cos=-0.8
0.08 + 0.08 0.08 0.08
il W
ik M
0.04 %\W& 0.04 f\__ﬁ%ﬂw 00t ool | M el
T ———< T TS [ P et T 4 R
0002 2 26 28 M09 26 28 Y% 000y 2 24 26 28
V3[GeV] V3 [GeV] V3 [GeV]

* PS- and S-meson exchanges, respectively, make constructive and destructive
interference effects with the dominant Pomeron and Odderon contributions.
e Three N* contributions improve the results at backward angles remarkably. 12
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e Three N* contributions improve the results at backward angles remarkably. 12
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100 /5=1.985 GeV 100 2.015 GeV 10°] 2.045 GeV 100 2.075 GeV
1071 [ . N “
e i [
100 2.105 GeV 100
107! . . .
T .

10° 10

1071 1071

1072 1072

do/d cos @ [ub]

100 10()
107! 101
1072 o, g Hypfl p 1072
10° 2.53 GeV 10°
1071 ..’.'. 1071 .”.'
10724 ' g 1072 el
1004 2.61 Ge 104 2.645 GeV 10 2.675 GeV 10 2.71 GeV




Sangho Kim

(PKNU)

Spin-density matrix elements

 SDME:s in terms of the helicity amplitudes

P‘i;«’ = 1r

N
ﬁir = ,l.r
F'}i}.’ = fr
P‘ir - N

*
E Mg aidia, My o, s

Ay AiAg

*x
E Moxpaini =2, My A

Ay AiAg

E Ay Mo ani—a, M3 a

Ay AiAg

*

Ay AnAg

e normalization factor

A e Z Mo, aaa, ?

e symmetry relation

P = (—1}’}“_’}‘;;)‘3;_)‘; for («=10,1),

Py = — (=1 px,_,, for (a=23)
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Sangho Kim Spin-density matrix elements

(PKNU)
e SDME:s in terms of the helicity amplitudes * normalization factor
1 . :
f»’g;v - N Z th;%LMAIA’;AJ; N = Z |4M,xf,x_:,x1)~,_~|2
T AL AL Ay
1
1 * .
Pax = Z Mopaini=a My anaa, s e symmetry relation
AL AL Ay
t . o _  1yA=A a . o
PIn = N Z Ay Mo o =2, M v, Pix = (1) ﬁ{""““’" for (a=0,1),
Ay A Ay Py = — (=1 p*, _\, for (a=23)
, 1
3 »
Py = ? Z )\’}-M)\f,}\;ﬁljt-?Mﬁfﬁ;;)n)\-f'
T A AL Ay

Adair frame: z axis is parallel to the incoming photon
momentum in the CM frame.

Helicty frame: z axis is antiparallel to the momentum
of the outgoing nucleon.

2G) It 1s in favor of s-channel helicity conservation (SCHC).
» center of mass frame * ¢p-meson rest frame

Gottfried-Jackson frame: z axis is parallel to the
momentum of the incoming photon.
It 1s in favor of t-channel helicity conservation (TCHC).
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Sangho Kim Spin-density matrix elements (1)

(PKNU)
08—/ — r r T T T T 1 08—rT—F———TF———— T 1 ' T ]
r o thtfricd-.lackson cosB=0.7 1 o thﬁrlcd Jﬁckeon cosB =07 1
- & Adair 1 s Adair . 1
- o Helicity Pomeron o Helicity total

0.6

0.6

W‘* et
ﬁjﬁﬁi‘%

* p°,,is nonzero in all three frames and ~ * The inclusion of S(ao,fo)-mesons
thus exhibits strong deviation from 1s essential to improve the results.
TCHC, implying nonzero helicity flip
(poo X (M, au_o|* + IMa_ i,y ?)-

e Pomeron alone is not sufficient.
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Sangho Kim Spin-density matrix elements (2)

(PKNU)
- +97£9 # . [Adair frame]
0.1
00 + MM" pim Uiy * forward angle:
~0.1 by Pomeron alone is

0.6 cos 0=0.6

not enough.
e S(a0,f0)- mesons
W& 1mproves the results.

e backward angle:

b S .
N exchange describes
the bump structure.

cos =-0.3 cos 0=-0.4 0.8 cos =-0.5
R i e T e
= ++++ ; * -*|% w0l 00 WL et
08|  cosf=-0.6 Gis
ﬂﬂﬁﬁ*ﬁﬂﬁﬁ* P H\ i o
o ek i
e
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Sangho Kim . . . )
(PKNU) Spin-density matrix elements (3-1)

& 177« E'I\'Jh <17 - E'I\'Jh = .87 GeV
o LO97T<E<2.17 -- Ef =207 GeV total total
e 217<E*<237 — E*=227GeV Adair frame Helicity frame

0 ] 0 L 0 ' ' L0
03r pm T REpm T I::'|-| 1 A T T F:'|-|

0 WWW

S] T -

03¢ 1 1

oal P 1 Py | Rep, 03b P

R L

w-03f T T

+

-
i

Spin-density matrix elements
Spin-density matrix elements

0 0.1 0 01 0 0.1 0 0.1 0 01 0 0.1
v [GeV?] ¢ [GeV?]

e Pomeron exchange:
1,
pro1 = 5(1 ~ Poo)
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Sangho Kim
(PKNU)

Spin-density matrix elements (3-2)

Spin-density matrix elements

-03F

-3}

03r

Pomeron

Gottfried-Jackson frame

P, ]

01 _ 0
t" | GeV-]

0 0.1 0

e Pomeron exchange:
1,
:‘(1'—'ﬁ80)

1
J) e
P11 >

Spin-density matrix elements

03r

031

total Gottfried-Jackson frame

beL

0 01 0

e (3] frame is useful to test TCHC.

 Relative strength of N & U

parity exchange processes:

1 1oV — oV
N1~ 3N . O
F1-1 20N 4+ ol
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Sangho Kim
(PKNU) Summary

< @ photoproduction, yp — @(1020)p, is reanalyzed with effective Lagrangians .
< Abundant CLAS(2014) data are reported at full angles & low energies.
<> Various contributions from t-channel exchanges and N” exchange

are considered 1n addition to the dominant Pomeron exchange.

= Odderon = pseudoscalar meson (st,)) = scalar meson (aO, fo)

< Extension to other vector-meson (p,w) photo- and electro-production mechanisms.
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Sangho Kim
(PKNU) Summary

< @ photoproduction, yp — @(1020)p, is reanalyzed with effective Lagrangians .
< Abundant CLAS(2014) data are reported at full angles & low energies.
<> Various contributions from t-channel exchanges and N” exchange

are considered 1n addition to the dominant Pomeron exchange.

= Odderon = pseudoscalar meson (st,)) = scalar meson (aO, fo)

< Extension to other vector-meson (p,w) photo- and electro-production mechanisms.

Thank you very much
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Sangho Kim Previous theoretical works

(PKNU)

* Nagano, Toki, Proceedings (1998)
: scalar glueball (J7=07, Mg1223 GeV?).

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

e 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 (rt°,1)
In common.

40— T T T T
o LEPS (2005) cos6=1.0

& o CLAS (2014) 1
%3_0_ ——- Pomeron -
@ L

S L

T

_-E_Z.O_—

E -

S 10k

= 1.0

=

0.0

After an observation of the bump
structure, most of works have moved

k .
on to the N scenario.

t-channel contributions are widely studied.




Sangho Kim ' '
(PKNU) Previous theoretical works

* Titov, Kampfer, PRC,76, 035202 (2007)
: Pomeron + (st,11) mesons.

a. 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*, J’=1/2" resonance (M=2.250, I'=0.100 [GeV)).

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

¢. Kiswandhi, Yang, PRC, 86, 015203 (2012)
:N™ of JP:3/2i (M=2.08%0.04, I'=0.501£0.117(P=+), 0.570x0.159(P=-) [GeV]).

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



Sangho Kim
(PKNU)

Previous theoretical works

e LEPS
O Old data

+'.—

Total

[F] Pomeron

[H] Hadrons

[T] t-channel m+n
[R] Rescattering

= L - [11pN
- N N e J |- [2lwoN
=~ 10 54 o T 3 |--- [BloN
i L o R 1| 41N
o | i R 7 |- I51KA(I16)
Q 10 E{ T 3 |- 61K A(1116)
= E T N Tt 6 T oo LTLKAUIS520)
5 ald B -1 | m BONN{1974)
w10 E - — T | = DESY(1978)
. = a 5 . 3|+ LEPS(2005)
Ozakl(2009) - - R N 4| ¢ SAPHIR(2003)
107 E - Rt 4| v SLAC(1973)
a 3 2 9
i 2 3 4 5 6 IO_ o I | i \ | | I : I‘- "\_‘n._:
2 3 4 5 ( )
E,[GeV] R [GeV] Ryu(2014 ‘
3||||||||||||||||||||||||||||||||||I|||||||||||||| 3|||||||||||||||||||||||||||||||||||||I||||I||||I||||
b. | I |
25 — 25 —]
_ —~ 2 a
—
- L .
[
1 B -
] 5 |
1 8, .
0.5

Kiswandhi(2010) |

3

IITF—IJ—.I_LIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2.5

3.5

4 4.5 5
E, (GeV)

55 6 6.5 7

4

-

Kiswandhi(2012)

J*-II.TI_IT‘I-T'I"'H I_I.]_ I_I_IJ_I_I_I J_LI. i i i I | I [ ) IJ_LJ_I IJ i IJ_J_J_I i

5

2 2.5

3

3.5 4 4.5 5
E (GeV)

55

[ 6.5 7




Sangho Kim : .
(PKNU) Previous theoretical works

A l,'.-'?{E_r::] 97
o 197<E <2.17
e 21 ?{E_f_{? 37
—E=1 8? GeV
—— E=207GeV
s I:',_I_=2.2? GeV

0

|

=

b
[

1 3 :
04-p . i — Imp~ ——Imp"
02 | |

N i Yo i- P & N
o F Tiyed

Spin-density matrix elements

1 P& 1 | :|||||||I

It | [GeV']
min

0.

[§*]
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