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Open-Strangeness Photoproduction

d Some N™ have a weak coupling to nN final states but large branching
ratios to KY or K*Y ones.

1 A comparison between “experiments” and “theoretical predictions” gives
the information on which N™s significantly contribute to the reaction.

. Provides useful information for identifying “missing resonances”.
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Open-Strangeness Photoproduction
(YN— KA)

1 A is an isosinglet, so A" resonances cannot contribute to the s-channel
diagram. Thus a theoretical interpretation 1s more simplified.

1 Up to now, most of the data come from the reaction off a proton target.

vp— KA
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Introduction e s e
Open-Strangeness Photoproduction
(YN— KA)

1 A is an isosinglet, so A" resonances cannot contribute to the s-channel
diagram. Thus a theoretical interpretation 1s more simplified.

1 Up to now, most of the data come from the reaction off a proton target.
vp— K'A
. First measurements of the reactions:
vp— K*A(1405) vn— K'A[yd— KA (p)]

CLAS [PRC.88.045201(2013)] FOREST [Jrscont.Proc.17.062007(2017)]
CLAS [PRC.96.065201(2017)]
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®m Multi-channel framework (rescattering effect)
> ANL-Osaka, Bonn-Gatchina, Giessen, Juelich, Shyam & Scholten & Usov

m Single-channel framework
m [sobar model (effective hadronic Lagrangians)
> Williams-Cotanch-Ji, Mart, Kaon-MAID, Skoupil-Bydzovsky

m Regge-plus-Resonance model
= Ghent group: RPR-2007, RPR-2011
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®m Multi-channel framework (rescattering effect)
> ANL-Osaka, Bonn-Gatchina, Giessen, Juelich, Shyam & Scholten & Usov

m Single-channel framework
m [sobar model (effective hadronic Lagrangians)
> Williams-Cotanch-Ji, Mart, Kaon-MAID, Skoupil-Bydzovsky

m Regge-plus-Resonance model
= Ghent group: RPR-2007, RPR-2011

. Our approach 1s similar to the RPR model but avoids a complex fitting
procedure. We construct the relation between “the coupling constants” of
effective Lagrangians and “the partial decay widths” that can be obtained
by PDG or hadron models. Thus model parameters are much reduced.



Theoretical Framework

uly 1-4, 2018 (APCTP

Regge-plus-Resonance model

. preserves unitarity.

Single particle exchange
in the t-channel of spin J
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Regge-plus-Resonance model

Invariant amplitude: |MR<e (background)| + MResonance

J interpolates between the low and high momentum transfer regions.
1 Regge propagators (P**&) in a gauge invariant manner

egoe Regge Regoe
et = (Mg + My) (1 = ME)PEEE + My (1 = My )P

1 d’PR@g-rgﬁ:_ 5 K E{I’K l 1 Guidal,
I—Mi» K So sin(zag) | e~ F(l+aK)’ NPA.627.645(1997)

t—M2. K S0 sin(zag+) | e 7% | I'(atg)

. Strong coupling constants
= SU3)r symmetry : -4.4 < grNa/dNw < -3.0
= Nijmegen potentials : -4.9 < gkNa/4Vm < -3.8
are constrained by the high energy region.
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Regge-plus-Resonance model

Invariant amplitude: M®<e (background) +| pMResonance

1 PDG & missing resonances
4 Hadronic form factors: monopole, dipole, Gaussian
1 Rarita-Schwinger propagators (S(p)) for spin-3/2, -5/2, -7/2 N”’s

[PRD.60.61(1941), Behrends,PR.106.345(1957), Rushbrooke,PR.143.1345(1966), Chang,PR.161.1308(1967)]

( @ ﬁJ} e T 0 H\]/ﬂtl R‘ﬂ L T U: o™ Rﬂﬁlg---“s — U:
gﬂlﬂgﬁﬂlng = (.
S(p) = - IA(J ) Z Ral.._ﬁfﬁl"' — Aiﬂill'_'_'_. (Aaﬁ: spin projection operator)
- spins
q 1 1 2
AVB) = —gf 4 200y o — par .
0(2) = —ga + 3707 +5M(r:0 pay”) + 3szp

8,8, /5 L8 8, B,n8
ABE(3) = 5 (ohhe: + 02260

2 Y

1 3. A a f : i
- |" l'l' 2 - Ile |'j2 Iﬁz |'j1 Ill.fj) lljz Iﬁr lljl
) 59&1&.29 10 (Falr Hﬂ"z T F“lr 9“2 T r”"z [ 19“1 T F”":! [ 290"1

1

AP B2 (1) =
¥ O, 0%, gt’tﬁ = — (gc:zﬁ- — —prxpﬁ) re — ( I}pfx)
Oh,JKPS.59.3344(2011) M e g

172773

b =1
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Tree-diagrams

vp— K*A(1405)

~(ky) K™*(ks) v K™, & K™,
-~ - ! LI -
E g &
-7 { P
AT / p
- : - - ] . — - -
P ) N(p2) p p,p°A* PoOAYO AF A
vyn— K°A
v(k1) Kn(kg) v K,
- /
E 4
- {
.h K:}:ﬂ /

o

n(p1) f'::( p2) n n ,‘ A

1 K exchange is excluded because of charge.
[ Other higher strange mesons are excluded because of their
small photocouplings, e.g., Br(K*(1410) — Koy) < 2.2 x 10™,
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Tree-diagrams

vp— K*A(1405)

- 1.] s
L~ { e
L K K / }‘11
» »> 'f - = & = =

vk Kt(k) 57 K+, H K+,

nl ;mhrfj ;‘f*{ p2) D p__}-j:}" A* POAYY A A
vyn— K°A Y
v(k1) K“(kg) v K",
- /
E 4
- {
.h Kx[] /

o

n(p1) f'::( p2) n n ,‘ A

1 K exchange is excluded because of charge.
[ Other higher strange mesons are excluded because of their

small photocouplings, e.g., Br(K*(1410) — Koy) < 2.2 x 10™,

Change
couplings &
parity of hyperon
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1. Background contributions

Effective hadronic Lagrangians

Electromagnetic interactions

L,xx = —ieg|K'(0,K) — (9,K")K]A¥,

‘c}rﬁfﬁf‘ — g}fKK‘E#yaﬁa#Au[(aaKﬁ_)K+ + K_(aaKE+)lr

_ ex
Lyyv = —N|eny, —ﬁ%ua” AEN,

Ef-‘ﬁ‘ A K £ ®
J{:}rﬁ‘ﬁ' — ZMN A ﬂ#ydyﬂﬂ;’\ .

CHA Yy S . .
i{:},fﬁ* = ZMN r Y}'ﬁﬁﬂuduﬂ’uﬁ + H.C.,

Strong interactions

Lgyy = —iggnyNysYK +H.c.,
}:KNﬁ* = —i'rgKNﬂ*ﬂ(A*K + H.C.,
Lxnar = —gx-na-Nysy N K* +H.c.

A%

form factor: Fs(¢?)

[ﬁ% + (g2 — M3

)"‘]

10
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2. Resonance contributions Effective hadronic Lagrangians
Y K,
j Electromagnetic interactions
) :h E}rﬁ:‘“ = %NFZFJ#U@UA#N* + He.,

32t hy - + tha _— pr AT
L NN = —i€ IQMNNI‘L, (QMN)EBUNF FF" N, +H.c.,

hy 7
L2 = [ ( ) Ay — a,,,Nﬁ 9*F*" N*, + He,,

2Mp)? (2Mp)?
l-1:‘|: — ’TE l—1:‘|: — (’TU’TE ) T',"IE:E . h-]_ 1 B lh-g 1+ o ﬁ v *
(Ich-;L) ’ v Y ‘ETNN* = 1c (QMN)BNPU (QMN)cla“Nr 970 F* N#Ezﬁ—l_H'c'
Strong interactions
T —
.C;fi* N+ — —ig}{h* N * f{f‘k*l—‘:‘:ﬁr* + H. C.,
Gaussian form factor: ﬁ;ﬁfw _ gﬂ{% KA TN + He,
2 (g2 — MR.)? 5 /2% EQ}{EN* = = "
FN*(QS) — €eXpP § — A4 ‘C’}(ﬁ*N* = —QS“SMKA I‘:F‘E\T my, + H.C.,
N#* :‘IK
oL
Lilrn. = g“‘*{% 909" KA TN, + Hee.

AB=AN"=0.9 GeV
11
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2. Resonance contributions
Y K

P Ve AY

4
s channel

Oh,Ko,Nakayama,
PRC.77.045204(2008)

A can be taken from PDG.

“Transition magnetic moments” hi, h> &
“Helicity amplitudes” A

1 27 + 1
JSMy Mgk, 4

X / d cos quﬁe_i(m_}‘)édim (0)ky, Ay, AN

1+ efi [kyMRg
{ Aip(3) = :Fsz’ My

e«/ﬁ

Ax(j) =

—iM | jm)

Al{i!z i MR |:£—I— 41{42 Mp(Mpg F MN)]

3+ E«/Z_’ kMR
420 = w0 i LT ]

k, [ & 5
Alﬁ!z )_ 4«/_1'*1; My Ma |:f1 4M2MR(MR:|:MN)]

<A iy k, My
a(37) = 4J§M2 My Lﬂ 4MN ]
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2. Resonance contributions “Strong coupling constants” gkA'N' &
, + “Decay amplitudes” G(¢)
8 KT,
! (K(q)A™(—q,my)| — iHint| N7 (0, m;))
£
/ my+myp=m;| =4xMy. \/72 :’m;zmﬂjmj}}’}m{
3> > ‘—p— I.m
p N* A* {
f
s channel _ [dl(Eas +Mp-) .1+
< G(0) = \/ i KA j=3
S.H.Kim, Oh
, , O, Ene — Ma- : —
in preparation G(l) = —\/"ﬂ( 4;MN“ v )gﬁ,ﬁw“ J = %
\
T * 2 (
D(N* — KAT) =) |G(0) @) = NP (Eae — Mas) grensn- _ 3+
¢ < —== 127 M- My J =3
1 \/!ﬂq’(ﬂv + Mp+) greas N . 3-
DLF 5 KA =——L g2 o (Eye £ My, 2nMy- Mg J =3
47 M-
9+ 1 q;?; gff:rﬁ. N+ . an
[(57 = KA") =—— —— (L F My ), G (2) 1q1°(Ea~ + Ma+) gga=n- J =3
127 ”"\ zMK ) 30mMy-  MZ
L% = KA*) = L & Granp4oar, g (Ear = Ma<) greasx- _5-
30 My« JUIJ;} ' ﬂ_ 307 M - ﬂf}i J = 2
g _

constituent quark model

G({) can be taken from quark model predictions. Capstick PRD.58.074011(1998) 13
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vp— K*A(1405) yn— K'A
threshold = 1.9 GeV threshold = 1.6 GeV

2 PDG resonances + 16 PDG resonances +

3 missing resonances narrow N(1685,1/2%)

14
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vp— K*A(1405) yn— KA
threshold = 1.9 GeV threshold = 1.6 GeV
2 PDG resonances + 16 PDG resonances +
3 missing resonances narrow N(1685,1/2%)
vp— K+A(1405) threshold
=1.9 GeV
- EM (ypp’) interactions ~—» Strong interactions
N* 141;2 143;2 hy h; G(?) GEAN?
PDG © N*(2000,5/2+) 31 + 10 —43 48 —4.22 3.98 ~0.6106 ~0.912
L N*(2100,1/2%) 10 +4 . —0.045 - 5.2 +0.8 0.785
N*(2030,1/27) 20 0.094 12109 1.78
missing, N*(2055,3/27) 16 0 —0.335 0.419 1.2503 —0.467
_N*(2095,3/27) -9 —14 0.018 —0.134 H0.7+02 ~0.228

N(2000) **, N(2100) *** = 2018 edition of PDG 14
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vp— K*A(1405)| Total cross section

R R e
I ® CLASdata ] - -
0.6 — N . e N(2000, 5/2%)
I —— wi;mutN'(mnst.} ] 0.03 i -—=- ﬁg{{l{;g’ :E? _
0.5 m— with N* (const.) T » UE
[ — — —- without N" (rot.) ] T ﬁ%g? E_]
= 04F ——— with N* (rot.) = 0.02 — - N@0%5,32) ]
= 0 -g_ : sum of N
b 0.3F ™
0.2F 0.01 -
0.1F
,U,'|w.-”.’.|‘“=r¢_.|_“ | | 0 N
1.5 2 2.5 3 3.5 4 ) ) 3 3.5 4
Eiap [GeV] Elab [GeV]

(1 The data is reproduced mainly by the t-channel K-exchange contribution.
1 PDG resonances are more dominant than missing resonances.
[ Both constant (1) & rotating (exp[-iwa(t)]) phases are acceptable.

15
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vp — K*A(1405)| Differential cross sections

0.8 ———
0.6
ﬁ.4f
0.2 _

0.0k

0.8 ———

= 2
PO

do/dcos [ub]
S

=t = ]

1 05 0 0.5 1.1 05 0 0.5 1-1 05 0 0.5 1
cosO

(1 At threshold, the data are reproduced by N* & non-N" contributions constructively.
1 The forward-scattering enhancement becomes more obvious as W increases.

16
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v p — K*A(1405)| Differential cross sections & Beam asymmetry

U‘glll ||| |||U'3 04_ _:

0.6 ] ] { 0.6 1 ]
1 ] 02- s S .

04}
0.2F
0.0k

=
(=
g
7]
==

=
I

do ___ do
_d9l 4

=
N

do/dcos [ub]

do do
a1 T ag)

=t = ]

1 05 0 0.5 1.1 05 0 0.5 1-1 05 0 0.5 1
cosO

(1 At threshold, the data are reproduced by N* & non-N" contributions constructively.
1 The forward-scattering enhancement becomes more obvious as W increases.

16
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vp — K*A(1405)

do(yp—K*n0x0)/dM (X0 [ub/GeV]

Invariant mass distributions

M(n°29) [GeV]

. _ Al = LNl il T'_.'_I.—:—.'I—.-v—-ﬂ
136 133 1.4 142 144 136 133 1.4 142 144 136 1.3 14 142 1.44 "
[ W=23GeV [ W =24GeV W =2.5GeV ]
L ] L 1 L _:2
L . L _ 1
L
] ot ’
T T ST i S DI sl e S E Ui o [N S el S SO TN SR T I U S P LTy =P N S S SR e | ]
136 138 14 142 144 136 1.38 14 142 144 1.36 138 14 142 144 .
I L L L r——"T1T T T T T T T T T
| W=26GeV [ W=27GeV W =28GeV | o, g+x050 _2M p+M 50
: 17 TF- N 12 dM o0 7
[ —=- without N* ] I
L 1L 1 F— with N 11 ,rp—rK"'ﬁ* AF—=g0x0
i 1 2 2 12
[ (M GZO_Mﬁ*) _|_M *rﬁ*
ﬂ e T e [ P Tl e [ ¥ Pl e ) [ .
136 138 14 142 144 136 138 14 142 144 1. 36 1.38 14 142 144

(1) The decay widths for the decaying resonances are sufficiently narrow.
(2) The interference between the different resonances in the Dalitz plot is negligible.
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v p — K*A(1405)| Constituent counting rule

| = 1 CCR is a method to analyze the internal
%1;; | 0: S B | structure of the hadrons by dimensional
O i e considerations of the reaction amplitude
g i in terms of the quark and gluon propagators
S sl at the large angle as well as the high energy.
= i |

0 i 1

18
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v p — K*A(1405)| Constituent counting rule

15 I T T T T T T T T I T T T T

o o= 1 CCR is a method to analyze the internal
5 | T Dy structure of the hadrons by dimensional
§ 107 i e considerations of the reaction amplitude
g i in terms of the quark and gluon propagators
:yE s at the large angle as well as the high energy.
B 7l _

0 i 1

> 25 3 3.5
W [GeV]

d0apseca |
dt §"2

J If A(1405) is composed of three quarks, 1y + 3N+ 2k + 3A° =9
five , Iy + 38N+ 2k + 54 =11

1 A(1405) is, more or less, possibly distinctive from the simple uds-quark state.

18
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vp — K*A(1405)| Another interpretation

The role of a triangle singularity in the yp — K*TA(1405) reaction

¥(py)

08 |

do/dcos6 (ub)

06

o (ub)

04 r

02

1 05 0 05 11 05 0 05 1

Wang,PRC.95.015205(2017) 19
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vyn— K°A EM (ynn") interactions threshold
=1.6 GeV

State Rating Width [MeV]| A, ), Az h1 ho
N(1650,1/27) | *** 110-170(120) |-50 20 - -- —0.31 e
N(1675,5/27) || **** 130-165(150) | —60+5 —85=+ 10 4.88 5.45
N(1680,5/27) || *** 120-140(130) | 29 +10 —33+9 —7.44 8.57
N(1700,3/27)|| *** 100-250(150) | 25 +10 —32+18 —143  1.64
N(1710,1/27)|| ****  50-250(100) |—40 420 ce 0.24 e
N(1720,3/21) || **** 150-400(250) | —80 +50 —140 £65  1.50 1.61
N(1860,5/21)|| ** 300 21+13 34+17 0.28 1.09
N(1875,3/27)|| *** 300 10+6 —20+15 —055  0.54
N(1880,1/2%)|| *¥X 300 —60+50 .- 0.31
N(1895,1/27)|| Yok 300 1346 - 0.067 .
N(1900,3/21)|| ek 300 0+30 -60+45 029  —0.56
N(1990,7/2%)|| **  200-400(300) |—45 +20 —52+ 27 6.92 7.54
N(2000,5/2%)|| ** 300 ~18+12 —354+20 —0.47 —0.56
N(2060,5/27)| **k 300 25 +11 —37+17  0.027 —2.87
N(2120,3/27)|| *¥k 300 110+45 40+ 30 ~1.71 241
N(2190,7/27)|| **** 300-700 (500)|—15+13 —34+22 —157 —0.62
N(1685,1/2T) 30 —0.315

A 2018 edition 1 Auis taken from PDG.

of PDG

20
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vn— K°A Strong interactions threshold
= 1.6 GeV
StELtE G(f) JEKAN* FN*_}Kﬁ/FN* [%] |gKﬁN* | GKAN* (ﬁﬂELl)
N(1650,1/27)]| —3.3+£1.0 —0.78 5—15 0.57 —0.99] —0.78
N(1675,5/27)| 04+03  1.23 1.23
N(1680,5/2%)| ~0.1+0.1 —2.84 —2.84
N(1700,3/27)|| —0.4+0.3 2.34 2.34
N(1710,1/2%)|| 47+37 —7.49 5—25 3.5—17.9 —3.5
N(1720,3/27)| —3.24+1.8 —1.80 4—5 1.8 —2.0 ~1.1
N(1860,5/2%)|| —0.5+0.3 1.40 1.40
N(1875,3/27)| ~1.7+£1.0 —2.47 —2.47
N(1880,1/2%) 1—3 1.3 —-2.3 1.6
N(1895,1/27)|| 23+27 0.34 13 —23 0.92 — 1.2 0.34
N(1900, 3/2%) 2 — 20 0.64 — 2.0 1.2
N(1990,7/2%)|| ~1.5+24 0.61 0.61
N(2000,5/2%)|| —0.5+0.3 0.61 0.61
N(2060,5/27)||~ —2.24+1.0 —0.52 —0.52
N(2120,3/27)|| ~1.7+1.0 —-1.05 —1.05
N(2190,7/27)|| =~ —1.1 0.67 0.2—-04 0.60 — 0.85 0.67
N(1685,1/27) —0.9

d G(?) 1s taken from quark model predictions [Capstick,PRD.58.074011(1998)].

d Br(N* — KA) is taken from PDG.

21
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vyn — K°A| Total cross section

3-{) [ | T T T | T T T | T T T | T T T | B
= CLASgl3 -
2.5 o CLASgl0 -
S K" Reggeon
200 e
o
= 1.5 -
b -
1LOF
osr [ -
: I i
0.0 1.6 1.8 2.2 24

1 Only rotating phase 1s acceptable.
1 Main contribution comes from
1/2+, 1/2-, 3/2* N" resonances.

o [ub]

2.0

CLAS

[PRC.96.065201(2017)]

1.5h

1.0}

T | T T T |
—————— N(1650, 1/27)
MN(1675,5/27)

mimme N(ITI0, 1229
e NU1T720, 3024
------ N(1880, 1/2%)
=== N(1900, 3/2%)
N(1990, 7721
N(2120,327%
MN(1685, 12%
----- sum of N*

22
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vyn — K°A| Total cross section

3-{) [ I T T T I T T T I T T T I T T T I B
. = CLASgl3 -
2.5 o CLASgl0 -
S K" Reggeon
20f T e
= I
= 1.5F
b -
1LOF
osr [ -
: I i
0.0 1.6 1.8 22 24

CLAS

[PRC.96.065201(2017)]

—————— N(1650, 1/27)
cem=e NITI0, 142%)

------ N(1880, 1/2%)
----- - N{1900,3/2%)

----- sum of N*

T | T T T |
N(1675. 5/2°)

L ON(1720, 324
N(1990,772%) |

N(2120, 3729
N(1685, 127 -

1 Only rotating phase 1s acceptable.
1 Main contribution comes from
1/2+, 1/2-, 3/2* N" resonances.

Bonn-Gachina,
PRC.96.055202 (2017)

(a)

ﬁvﬁ;r.l’.lIl l

______ 12 1/2 -~
.......... 1/2 12+
........... 1/2 32+

) B ey
b L b

2200
M(yn) (MeV) 22
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Differential cross sections (vs cos0)

FOREST

[JPSConf.Proc.17.062007(2017)]

————— K* Reggeon

———= sum of N*
total

,,,,,,,,,,,,,,,, w.0. N(1685,1/2+)

(I N(1685,1/2%) has a certain contribution to the differential cross sections
at threshold but not to the total cross section.

23
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vn — K°A| Differential cross sections (vs cos0) CLAS
[PRC.96.065201(2017)]

15F E, =097 GeV E, = 105GeV 1
————— K* Reggeon

------- sum of N*
total

,,,,,,,,,,,,,,,, w.0. N(1685,1/2%)

= Cguas
I | —_——— ___-..-I—-- ]
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Sangho Kim
(APCTP)

Summary

< The yp — K*A(1405) & yn — K°A are studied using
an effective Lagrangian approach combining with a Regge model.
< K- and K'-Reggeon exchanges are dominant background contributions, respectively.
< PDG resonances “N(2000,5/2%), N(2100,1/2°)” and “N(1650,1/2°), N(1710,1/2%),
N(1720,3/2%), N(1900,3/2*)” are crucial to reproduce the FOREST & CLAS data,

respectively, near threshold.

Future work:

<> Polarization observables will be also calculated.
<> Vector meson (p,w,¢p) photoproduction off the nucleon and nuclei(“He,...)
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a(t) categorizes hadrons with the same internal quantum numbers,
M and J are the mass and the spin of related hadrons.
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