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Motivation

1962 quark model

JP = 3 is the quark-model prediction; and J = 3/2 is fairly well :

_ established.
1964 Q observed Mass m = 1672.45 & 0.29 MeV

(mg- — mgy) [ Mg = (—1+£8)x107°

Mean life 7 = (0.821 4 0.011) x 10710 s
cr = 2.461 cm

(To- — Tg+) / To- = 0.00 &+ 0.05

Magnetic moment p = —2.02 4+ 0.05 upy

_-

2006 | the spin of () measured

Q(2250) 2250
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photoproduction of =(1820) (-3/2?) 1823 24
very strange baryon £(1950) " 1950 60
at CLAS|2 £(2030) (>=5/2) 2025 20
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Motivation

o, (nb)

Production of the Strangest Baryons on
the Proton with CLAS12 (PR12-12-008)

Lei Guo, Florida International Univeristy
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Formalism

effective Lagrangian method

1 : _
Locp = —Etr[G,wG‘“’] + ¢iv*D,g —qmg

Gm, = auAu — &,A“ — ig[Ap, A,,] , DM = 6p — z'gAm A” — ZTaAa

Locp

quark and gluon degree

of freedom
at low energy

exp[iZ] = /Dq Dq DA exp [2/d$4 LQCD

Lejy = Lefs(U,0uU,Vy--+) U = exp

7
a

Lefs

hadronic degree of
freedom

- fDU exp[z’/da:‘l Eeff]

—— !

Hadrons

'z\/fécpl
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Formalism

Cross section

N
Sri=0p — i(2m)* 6% (k1 + ko — Zpi)Tfi

M

1T = N
(2B, (k1)) /(2B (k2)) /2 { TTIL, (2E:(pi)) /2 |
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Formalism

Invariant amplitude ;
. TYRETTE
K K K
yp — K+K+KOQ_ \ \ \
%3 ' 2 % 1
%z %
‘2 d G c @ 0 a p
M — u(pn ) MY epu(ks) for the spin of the final baryon = 1/2,
T Uy g, (DN ) MPIE2 BV € Jay (ko) for the spin of the final baryon =3/2, 5/2, 7/2---(2n+1)/2

MH = Fot FptyFat L'y + Fot FtylytyFa + Fot THt FptyFy 4+ Tt Fot FptyFa

baryon currents

4 FctCFBth{LAlFA 4 Fcth;AgFBtbFA -t Jé‘AchtCFBtbFA

meson currents

+ Fot FptyM' + Fot Mty Fy + Mit FptyFy

interaction currents
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Invariant amplitude
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M — u(pn ) MY epu(ks) for the spin of the final baryon = 1/2,
T Uy g, (DN ) MPIE2 BV € Jay (ko) for the spin of the final baryon =3/2, 5/2, 7/2---(2n+1)/2
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Formalism

Invariant amplitude B
K K K
v — KTKTKQ~ \ \ N\
»° » 2 ‘\T
\ \ KT
0 —eo—{D—e—D—e—D—e— p
M= u(pn ) MY epu(ks) for the spin of the final baryon = 1/2,
T Uy g, (DN ) MPIE2 BV € Jay (ko) for the spin of the final baryon =3/2, 5/2, 7/2---(2n+1)/2

MH = Fot FptyFat L'y + Fot FtylytyFa + Fot THt FptyFy 4+ Tt Fot FptyFa

baryon currents
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interaction currents
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Formalism

Invariant amplitude

yp — K+K+KOQ_ \ \ \

M — u(pn ) MY epu(ks) for the spin of the final baryon = 1/2,
T Uy g, (DN ) MPIE2 BV € Jay (ko) for the spin of the final baryon =3/2, 5/2, 7/2---(2n+1)/2

MH = Fot FptyFat L'y + Fot FtylytyFa + Fot THt FptyFy 4+ Tt Fot FptyFa

baryon currents

4 FctCFBthfAlpA 4 Fcth;AgFBtbFA -t J;AgpcthBtbFA

meson currents

Fot Fpty My t+ FoteMpt,Fa + MGt FptyFa

interaction currents
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Formalism

- = 0= - 2.2 A2
= FEtEFAtAFptpPg = Z-—p3)\f-—(p3ap47 Q2)
ot M=

¢? —mz

Fp = gayspofa(ps; a3, 45)

tn = ds +m=
i —mj
Fp = gp’YSﬁlfp(P%;Q%:qg)
g3+ my
bp = "5
g3 — mp
' = | I 4+ —
P [ " 2mpk1]
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Formalism

form factors

q
F(¢%pi,p5) = fm(d®) fe(p]) fa(p3)
P2 : P1

1\2 __,n22
2y _ K K
2 2
q —m
fx (qz)_exp( = ")
K*
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Formalism

parameters in the present work

Nucleon:

m, (MeV)

Kpyr Kny

2(1318):
m_ (MeV)

K_ K
20y’ "E

2% [= E(1530)]:

)4

m_.(I'z.) (MeV)

A(1116):
m, (MeV)

ENAK

8=Ak

8z*Ak
EvaxKyax+)
gzax+(Kzak+)

xAy

A(1405):
m,(I",) (MeV)

gNAK
8=AK

KAy

938.3
1.79, —1.91

1318.0
—1.25,0.35

1533.0(9.5)

1115.7
—13.24
3.52
5.58
—6.11(2.43)
6.11 (0.65)
—0.613

1406.0 (50.0)
+0.91
+0.91

0.25

PDG

PDG

PDG

PDG
SU@B) + (f/d = 0.575 and gy n. = 13.26)
SU@3) + (f/d =0.575 and g, .., = 13.26)
SUQB) + (fvax =2.23)
Ref. [15] (version NSC97f)
Ref. [15] (version NSC97f)
PDG

PDG
SU(3) (flavor-singlet assumptions)
SU(3) (flavor-singlet assumptions)
Skyrme model [16], unitarized ChPT [17]
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Formalism

parameters in the present work

2(1193):
my (MeV) 1193.0 PDG
ENTK 3.58 SU@B) + (f/d = 0.575 and g, ., = 13.26)
Sevr —13.26 SU@3) + (f/d =0.575 and g, ., = 13.26)
8z«xk 3.22 SUQ3) + (fvar = 2.23)
Evsx*Knsi+) —3.52 (—1.14) Ref. [15] (version NSC97f)
[ N (J—y —3.52 (4.22) Ref. [15] (version NSC97f)
Ky, Ko, Ky, 1.46, 0.65, —0.16 PDG
A(1520):
m,(I",) (MeV) 1519.5 (15.6) PDG
Enax —10.90 PDG, SU(3) (flavor-octet assumption)
- 3.27 PDG, SU(3) (flavor-octet assumption)
Ky 0.0 assumption
2(1385):
my(I's) MeV) 1384.0 (37.0) PDG
Ensx —-3.22 SUQ3) + (fvar = 2.23)
Sevr —-3.22 SU@B3) + (fvar = 2.23)
fﬁ;Z £ —2.83 SU3) + (faar = 0.8 from quark model)
g(\,l;: K* g&,),: x* —-5.47,0.0 SUQ3) + (fvap =3.5)
Ezvx+r B=x K+ -5.47,0.0 SUQ3) + (fxa, =35.5)
Kgeyr Ko, Ky, 2.11,0.32, —1.47 quark model [18]
9O=K 7.5 SU(3) & x quark model
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Numerical Result

I{‘O I{+ :I{+ ,Y :
‘\‘ “\ : ‘\‘ ,r!frr :
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Numerical Result
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Numerical Result

vp— KTKTKQ™

x
n
x
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Numerical Result

vp— KTKTKQ™

x
’0
x
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Numerical Result
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Discussion
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Discussion
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Future work
vp— KTKTKQ™

# of diagrams

O S %
\ ‘\ N 30
Y = A
A(1116)
A(1405)
A(1520) * 5x30=150
>(1193)
; ¥ (1385)
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Future work

-

Consider

of
spin-1/2, 3/2

~

intermediate states

-

Consider

of
higher spin
(5/2,7/2...)

~

intermediate states

4 N

Consider
kaon beam induced
Omega baryon
production

KN - KKKQ~

o /
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Summary

&4 In the present work, we show the total cross section of

Omega production with ground baryon states.

4 The result with only ground state baryon gives us very
small cross section.

W The previous hyperon production study tell us that
we need to consider massive resonances with higher spin

¥ From this, we would like to suggest the minimum or range

cross section to investigate properties of VERY strange baryons.
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Motivation

$(1020) DECAY MODES

Fraction (I';/T)

Mode
I K"K~
0 0

llllllll

---------

llllllll

A(1520) DECAY MODES

(48.9 +05 )%
(3.2 +04 )%
(15.32 +0.32 ) %

Fraction (I'; /T)

NK
i

45 + 1%
42 £ 1%
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Formalism

1
Gy — (me —il'y/2)

M MOp— ép - KKp) = M(¢p — KKp)—

s M(vp — ép)

1

M(vp = KA* — KKp) = M(A*p - KK :
M M(Op p) (A*p p) [ T 2)

M(vp — A*p)
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Formalism

DLAGraAMmS

(p3) Y
M
\ \
\ \\\N\’\N\’
\
\ \
® ®
Iy
\ \
\ \
\
\ \
®
~
~ \\'\N\i\'
P,y
o
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Formalism

vertex functions

v (k)
Loep = —e[I+ %k]'y“

#)p p(p)

Y (k)

g Jikx =e(g+4q)"
(@)K--- % ---K(q)

K(q)

i Ff p =Die,n % f(@%0°0%), (I“,‘(M = 2ea 754)
(P)A &—D(p)

K (9)

[ ’ ‘

I Flépne = Thcpar X F(@55°0%),  (Tipar = 2528750+
(')A —& P(p)
(9K _ Y (k)

\\\\ N I-:.‘}v{pf\ — I“;{p,\ K + P::{})Aft’ (I‘:‘;{p/\ — _eg_l’(n%’ysl")

(®)A - P(p)
(9)K Y (k)

pv " " > »
I‘TKPA' FKPA'CA. -+ F“/KPA' ft, (I"TKPA'

N g "
\\ﬁ —6-’;”:—’759“")
A P(p)
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Formalism

¢ (g¢)

“ I =e(lqg+q)”
()P p(p)

ﬁ Tk =e(lqg+4q')”
()K=~ ---K(q)

@K _ (k) ,
. v * v !
b / Fokpar = —96KK _fnPKA_’YSQ" =e(g+4q)"
(A . P(p)
P(p) t, = Bimy
p*—mg
K(q) Ax = gz =ela+q)”
¢ (g2) AR = i (g g e
o 95 —my, me
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Formalism

parameters L the present work

Nucleon My 3.95
Kp 1.79
JKNA 3.18
background KA -0.613
A 0.745 GeV
geNN 0.25
phi KoK K 0.2
resonance n 1
Ay 0.7 GeV
gKNA* 10.5
L(1520) KA 0
resonance n 1
A~ 0.65 GeV
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Numerical Result

Yp — QP

m +m - =2.0126 GeV E [GeV]
| c.m.
3 19512153 2.551 2.896 3.204 3.484
- i' : | | : | | | | T T T T | T T T l | I T T I I
= ii — total -
- —— Pomeron -
I —— t-channel mt+n -
251
— - — KA(1520) Re $—
- C L | --- KA(1520) Im L -
= [0 | = LEPSQ005) .
o 2- 1 1 | o DESY(1978) ]
- B :
> 150 -
o |
e : il
5 : il
= f :
= i :
= : il
[ : il
0.5 — -
0 ' 7 3 4 5 6
157 Ey [GeV]
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Numerical Result

vp— KTA / vp — KTA*(1520)

(a)yp-->K A(1116) )y p-->K" A (1520)
3 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
- m  SAPHIR (1998) | - = LAMP2 (1980)
251 ) 1 e SAPHIR (2011)
) A CLAS (2013)
2+ — 0.8+ N + =
— | S ? + — L 4
O O
S 150 -~ Z06F
o | . {1 o L
= I~ 0.4
0.5 — 021
O | | | | | | | | | | | | | | O | | | | | | | | | | | | | | | | | |
08 1 12141618 2 22 2 3 4 5
Ev |GeV] EY [GeV]
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Numerical Result

do/M(K'K) [nb/GeV]
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Numerical Result
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Numerical Result
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:FIG. 1. (a) Missing mass distribution for the p(y, K*K™)X
sreaction in KK mode. (b) Missing mass distribution for the
" p(y, K~ p)X reaction in Kp mode. (c) and (d) are the K"K~
:invariant mass distributions after the cut on the missing mass for
1 KK and K p modes, respectively. The hatched histograms are the
¥ simulated background.
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Numerical Result
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Summary

From the known 2-body scattering process, we can directly calculate
3-body process.

We show not only the invariant mass distribution but also
the interference between phi and L(1520) resonances.

This work will be good chance to understand the mechanism
of K Kbar N production with upcoming LEPS data.

Considering the previous experimental data and other possibility of
iIntermediate states, we are improving our result.
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11 AB AK AK*
A(1116) 1 0.75 0.75 0.75
=~ (1321) 2 1.25 1.25 1.25
Q™ (1672) 2 1.25 1.25 1.25




N bLVWCYLOQL result (without the coupled channel)
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Future work

--------------

Typ—p ‘\___7_13;{?_13,3 Tvp—>K TA
1T = V + VGT T = T¢5P—>7P Tqbp—)qbp T¢p—>K+A*
1 i TK+A*—>’YP TK‘l‘A*—)(bp TK+A*—>K+A*
T — |V4 - Sy s K 2 VA V]
1-VG Vapoap & Vapoop b i Vapoicra
V = Vqﬁp—wp ..... @ p.ﬁ.aép..,‘ V¢p—>K TA*
| Veraroap Vkrarsgp Verarskeas
i va—wz? 0 0 _
G = 0 G¢p—>¢p ---------- 0.
i 0 0 i‘GK+A*_>K-|—A*'E i

---------------------




Introduction
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