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1.

Introduction A=

Strangeness (photo)production from nucleons:
— To obtain a deeper understanding of baryon structure
— To search for missing resonances

— Mostly focused on kaon photoproduction accompanied by A(1116)
or £(1193)

Recent experiments on strangeness production
— K*A and K*X photoproduction
* CLAS Collaboration, hep-ex/o601010, PRC 75 (2007)
* CBELSA/TAPS Collaboration, EPJA 35 (2008)
— Baryon resonances
— Scalar k meson (YO, H. Kim, PRC 73 (2006), PRC 74 (2006))
— KZXZ(1385) photoproduction
* CLAS Collaboration, hep-ex/o601010
« LEPS Collaboration, PRC 78 (2008), PRL 102 (2009)
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K (1385) IS h

KYUNGPOOK NATIONAL UNIVERSITY

* Quark model predictions
— Capstick, Roberts, PRD 58 (1998)
— Most resonances have small couplings to KX(1385)

« But some resonances, mostly missing or not-well-established,
have large couplings to this channel

eg. T[N (2095) - K%(1385)] ~ 60 MeV

— Can we find such resonances in this reaction?
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Previous works HsIHsD
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* Experiments
— Only a few data for total cross section
* Done at pre-1970s
— Recent experiments at JLab (& Spring-8)

« 23 different energies from threshold to W = 3.8 GeV

* More data for total/differential cross sections are to be
accumulated.

« Theory
— No detailed studies on this reaction
— Lutz, Soyeur, NPA 748 (2005)

+ Single and double kaon pole terms in diff. cross section
(extrapolated from limited electroproduction data)
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Knu

2. Model for the production mechanism - without resonances  z=rysim

Effective Lagrangian approach Q Lykk =ieA (K 9*K* —3d*K~K™),

JCK;"-’E* = fKNE* B#KE s -TN -|—H.C.,
K
_ 1 .
y(K) K (a) Loy = —eN (;ﬂ*Aﬂ B K J””BUA”) N,
/ . JknEs p— .
KK *f Lokngs = —ie My A"'K [Eﬁ p—|—\/§E;+n]—|— H.c.,
/ . ,
J'S:ylE*E* = EEﬂAarf’;; E:‘.c.
N(p) T (p) N N I |
@ ® Adlyp = lg“”r’” -5 0"y + y“}f”y”)} AT
¥ K Y K — ia'ﬁﬂﬁﬂ g™’
& / EMIN ¥ .
« s
pd /
L , O Kk, = 1.793 (expt), kz-o = 0.36 (quark model)
N. Y, E-t N E-t

© @
O fxnss = —3.22 by the SU(3) symmetry relation

by using frya = —3.22 from I'(A - ©N) = 120 MeV

O Lykxe = gyeg, e 3,A,0,K; K+ + He.  With ggeg, = —0.388 GeV ™!
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Knu

= —
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K*NX* interaction

.!'gl —— L

3 1 - Lys r — K Y .T b N
« Vertex of > =5+ 1 transition KNS o M uoTIOYs
. 2 —— R LV
« 3 independent terms +mx T TysauN
— Jf#ﬂ.,f*mf: -TysN + Hec.,

(K*uv — auK*v _ avK*u)

K*NX* couplings

« SU(3) relation from g, (pNA) ~ 5.5
« But there has been no serious consideration for the couplings

g» and g;. = threat them as free parameters
» In fact, K* exchange is small unless g, and/or g3 are
unrealistically large.
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Result

Total cross section

yp — KTE'(1385)

[ | N R B B B
Lor m  pm 19705 ]
: ® CLAS {praliminary) : .
08| - . Cannot explain the peak
- B ] observed in the CLAS data
g o6 %5 - (regardless of the FF)
S0 :
ozl ]
i |
GG_I 1 1 I 1 L 1 1 I 1 1 1 1 I 1 L 1 L I 1 1 L 1 I 1 L 1 I_
1 1.5 2 2.5 3 3.5 4
E, (GeV)
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3. Model for the production mechanism - with resonances HEH
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Consider N and A resonances
Even the resonances listed in PDG do not have branching ratio
into KX(1385) decay channel

— Use the quark model for the resonance parameters
Capstick, Roberts PRD 58 (1998), Capstick PRD 46 (1992)

— This model predicts that

Higher spin resonances (j > 5/2) have small couplings to the
K%(1385) channel

- we consider the resonances of spin up to 5/2

Instead of all the predicted resonances, we consider only a few
resonances which are predicted to have a large decay width into the
K%(1385) channel

5 resonances listed in PDG plus 3 missing resonances
The PDG resonances are either one-star or two-star rated
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Lagrangian

RNy interactions

Lrny(37) = %Hfr‘*]aﬂ..a”aﬂmr H.c..
Lrny(37) = ;ii NI& FavR,
{2:;;}4& NI F™R, +H.c.,
Lany(37) = {Ei;; }zﬁrf,:'Ei“F”"RM
_ (2‘:;;3 3, NT®gaFrvR . + He.,

Knu

HEIHSID
ASHSH

[ Couplings and helicity amplitudes ]

R
ky 2My

NR—- Ny = — —
‘ V= @+ OMr

[1A12]7 + |As2]7],

1+ eft [k, Mp

Al,-*z(j )— My 1?,' My’
A ',I(i:t) = E’f | |if ]

2 12 ‘\r Ma.. MR

:I: EI ky My |if|:F—{MR:FMﬁ.1]

4Mﬁ., ‘\u My

e k, | k

. Ap(3) =+ /
« In QM, the coupling constants 4V10 My \| MyMp
are not given. . x I:fl +4§; MR{MRﬂ:MNJ}
» Instead, the helicity amplitudes N
are given An(3F) =1 € K /kyMn[. P2 ate = M }
3.-—(2 } 4\/3M:E.r 1\’} My fl 4Mﬁ.,( R "'r}
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e
RKZ* interactions
. | i | By angular momentum and parity
1 _ v #pL T .
Lrkze(3) = 3 -0 KT¥THR + He. conservation,
Lrxze(37) = M geggurtg - Ly
REE\Y ) = 30 a TH 1 coupling for the resonance with j =1/2
s _ 2 couplings for the resonance with j > 3/2
+ M2 gugeg s r® R, 4+ He., PiIng J=3/
M
- ih

]

Lprs(37) = ve 3"IFKZ*T ¥ Ryg
K
h _
- Fiaﬂa“aﬁx £XI® Ry + Hec.
K

(]|

To determine the couplings with sign, we need the decay
amplitudes. The decay width is not enough.
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e
Decay amplitudes
(K(g)Z*(—q. m_lr}l i Hint| R0, m;]".:' 5
mmm=) [(R— KZ)=) GO
= QTMRJ;Z Equ f|_,rm )Yfm (g)G(E), - £ -
EH‘]‘E G(l} — G[J?‘[;’ZF_ Gﬁ}-’ﬂ_’:‘
My MR-
(1) = ————L\/qMr\/Ez + Mo G3) =GP | gem
2 M‘E* MK MR’ 32 Mi’ ’
fora j* = %+ resonance, and for a positive parity resonance, where
h iy m
G[Z} QMR\/‘EE* — ME* P (3/2) _ 1,.-' ' * M
ﬁMz* v Mg it CONES Mg* Ezr — Mz-(Mp + Mz:)
x | — X (Exs +4Mgs}
fora j” = 5 resonance.
3/ \/‘_ ﬂ? g ’Jm
12 60,\/_ ME* .
(3/2) V30 1 ff N e
11 f— — FE — s
’ . T My M
[G(f)s are given by the QMJ 203/ M-\ Mg
* {MR + Mzi-]{EE* — Mzs}.
Gtg-"'}':l '\/'_ -l'.? V JEE* _ ME;__
20/r Mg
MENU 2010, Williamsburg 12

2010-05-31



Knu

13

Resonance parameters T
Resonance PDG [29] Amplitudes of R — KZ(1385)* hy ha Amplitudes of R — Ny® fi 2
G(£y) G(€3) Al AL,
N{(l@ﬁ} 11(2090) Gi2)y=+1.7 — —9.8 - +12 — —0.055 -
N%_(I%G} Df_;“[E[IEG] G0y =+1.3 G(2y=+14 0.24 —0.54 +36 —43 —1.25 1.21
N?(EGQE} D%(2200) G(2)=-2.0 G(4) = 0.0 0.29 —0.08 —9 —14 0.37 —0.57
2«.%_(2[]8[}} D3;(1940) G0y = —4.1 Gi(3)=—-0.5 —0.68 1.00 —20 —6 0.39 —0.57
ﬂ.g_(lﬁﬁﬂ} 35(2000) G(1)=+4.0 G(3)=—-0.1 —0.87 0.11 —10 —28 —0.68 —0.062
n +/GeV.
b 3 e
In 107/VGeV. [ PDG resonances ]
Resonance Amplitudes of R — K Z(1385)" h ha Amplitudes of R — Ny°" 1 fr
G(E)) G(£3) Al AL,
N%_(EGQE} G0y =+7.7 G(2)=-0.8 0.99 0.27 -9 —14 0.49 —0.83
;'h.-‘g_{lﬁﬁﬂ} G(l)y=-3.6 Gi(3) = —0.1 0.59 0.24 —11 —6 0.019 —0.13
&%]‘2145) G(0)=+5.2 Gi2)y=-1.9 0.25 0.46 0 +10 0.11 —0.059
In 4/ GeV.
'In 10 /+/GeV. ..
MISSINg resonances
MENU 2010, Williamsburg
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Results (yp — K*5*0) Knd

Total cross section

0 0
yp — KZ(1385) yp — K¥X'(1385)
1.2 LI B B | LI B ) | LI I B | | LI I I D N D D D B R B B G. 15 T T T T | T T T T | T T T T | T T T T | T T T T
i m pro 1070 ] R i
B ® CLAS {prafiminary) i | PR Df?(EDE\‘J}
1.0 —— with POG resonances  — ———- D, (1940)
- with all rasonancas - B
B ——— sum of all resonances L "= Fgl2000)
i - PDG resonances only ——— N&Z(1880)
—_ G'S__ -—--— Missing resanancas an.'y__ 010+ c—e-— N 37 (2095)
0 i ] o - ——— A3/ (2145)
= i 4 = L sum of all resonances |
5 06 i = L i
s [ ] 8
>] i ] o) - _ i
0.4 — 0.05 —
02| N : ]
- M - 1
- S T L . .
| 'T)? "'""'|.“.h'—|"" L 1 M ] 0.00 T 2 -:"F"- PR T TR TR NN W T T £
{101 1‘5 2 h-l_zEJ_ L1 3 T N | SJEL Ll 1 4 d ‘lf -5 2 2-5 3 3-5
E (GeV) E, (GeV)
¥
[ N* contribution }
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Results (yp » K*t2*0)

Differential cross section

Beam asymmetry

Knu
T LI
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------ without resonances g — H+Eﬂ( 1385) —— withPDG resonances Yp — K+ED( 1385)
—-—- sum of &l msonancas - — - withall msonances
f [ LI | T T T | LI | LI 1T T T TT | T T 1T1T | LI | LI ] f
1.4 T T T 1 I LI I LU I LI LI I LI I LI I LILLIL 1.4 - -T- -
» [ T ] »  E=1.7GeV I E=1.8GeV ]
= E}'= 1.7 GeV 1 %: 1.8 GeV IR 05 ¥ - ¥ 0.8
1+ -1 71 - I ]
0.8 - 0.8 1] S S St
E\ﬂﬁ__ I __ﬂﬁ [ ithout I T T ]
R il Ol e | ——— without resonances 1 ]
B 04 __{{_-/;‘_ o4 -0.5F — with PDG resonances T 405
= r = —+ == T [ -—-— with all resonances T ]
~ G'E_.."'.-F--'F' ] mmer=tt _G'E SR N AR R AR T AN AN B A AR B A N A AN AN A AN N A AN A AR AR A L
% ﬂ?f;:;'l_lr'l—l—l TTI—!—[T-! rrI: | I |"=_=_= I_I I_Il—ﬂ —f:| LN B I L N N L Y B |::| LI N L B L L B B I |:-1
- T . L E-=19GeV + E=23GeV .
kS ’-i [ E=19GeV E ;-2 051 ¥ T 7 J05
ﬁ L a [ T 7
0.8 T 0.8 T - .70
0.6F -+ Hos : + T
0.4+ + 0.4 051 T 05
ﬂ'g__.--" SRR ___:m__“ 0.2 _1':| NI B R T BT R B |::| v by e by oy 1wy |:_1
ﬂ'.l_l_l_l"_l_l T il ol i e i A AT [ T'.l". I G —f -ﬂ_E ﬂ ﬂ_ﬁ —f —G_E G G_E f
-1 .5 0 05 -1 0.5 (1] 05 1 Cos g cos H
cos 6, cos 6, K K
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+ gx—
Results (yn > K7X*7) eI
Differential cross section Beam asymmetry
2p 2
E :'gz_ fﬂﬁgcm=0.6"}.? }'E
2 1af 1.4 - o
= b B~ -+ -
% 13 ++ ' 2 06f Yd — K'2¥p
S 08F | s 0.8 = 040
= 0.6F 0.6 = 02
E E L 0 E -— e
B 0.4F o 0.4 z OF }
= 0.2F 0.2 « 0.2 " .
OB 1 . E-[L-‘l—
1.6 1.8 2 22 24 S0k
Y= - dﬂ': =_...|...|...|...|...|...|...|...|...
= 18p €0s0,=0.8-0.9 | 45 cos6,=0.9-1.0 B NETe 17 18 19 2z 21 22 23 24
E3v . E (GeV)
@ 1.2F 1.2 F
2 1F 1E
S 08t 4 0.8 F
0.6 0.6
© 045 0.4F ¢
'-u U'z E_ 1 1 1 1 [LE E_ 1 1 1 1
16 18 2 22 24 " 16 18 2 22 24
E, (GeV) E, (GeV)
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4. Summary and Outlook Aot
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« Missing resonances in £*(1385) photoproduction
— yp-> K2 and yn » K*t2*~
— Important contributions
* A(2000)F;5, A(1940)D33, A(2080)D,5 from PDG
. N%_ (2095): missing resonance
— has the largest partial decay width into the KX* channel

— but small photon helicity amplitudes
» Resonances have destructive interference.

« More rigorous studies are required.
— More constrained resonance parameters

— Other isospin channels
* Both in theory and experiment
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