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Motivation, Kaon-Maid is getting Old

K

Institut far Kernphysik, Universitat Mainz, G

An effective Lagrangian Model for Kaon Photo- and Electroproduction on the Nucleon
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« Electromagnetic Multipoles (Ej:, My, Lis, Si+)

¢ CGLN and Helicity Amplitudes (Fy,...,Fs, Hy,...,Hp)

« Polarized Response Functions (Ry,Ry, Ry, Rrr,Rir, Rrr)

« Unpolarized 2-fold Diff. Cross Sections (L,T,L,T,TT,LT')

* 5-fold Diff. Cross Section

Total Cross Sections (T,L,LT,LT',TT")

« Transverse Polarization Observables (ds/dW,T,S,P,E,F,...)
+ Target Polarization (Py,Py,P;)

* Recoil Polarization (Py,Py,P;)
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Motivation, formulation is not clearly revealed

APPENDIX C

The contributions to the invariant amplitudes correspond-
ing to the exchange of a N*{5/27) resonance have the same

structure as in the spin-3/2 case. We give only the photopro-
duction amplitudes

1 2
GPys j=l...4
10(s— M, +iMyT s 1%‘. 1y

Defining w= \T the contributions coming from the G
coupling are
J.-C. David, et al., Phys. Rev. C 53, 2613 (1996)
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Motivation, models do not work
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@ Problem of Data consistency at forward direction
@ Even with spin 3/2 and 5/2 [David, et al., PRC 53, 2613 (1996)] the prediction

is far from ideal
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Motivation, models do not work
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@ v SAPHIR data 1998, not included in the fit

@ Data consistency?

@ Even with spin 3/2 and 5/2 [David, et al., PRC 53, 2613 (1996)]
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Conclusion:

“We have to search for other spin 3/2 and spin 5/2
formulations”
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|
Progress in Isobar Model, before 1998
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Progress in Isobar Model, before 1998
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|
Progress in Isobar Model, 1998

Giot (M)
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|
Progress in Isobar Model, 1998
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|
Progress in Isobar Model, 2006
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|
Progress in Isobar Model, 2006
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|
Progress in Isobar Model, 2006
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N
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@ Fitting all data simultaneously — democratic model which is not consistent with both data
sets

@ This problem is simply forgotten, but seems to appear mildly in the new Crystal Ball data
@ Unsolved homework!
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Problems with the spin 3/2 and 5/2 formalism
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|
Problems with the spin 3/2 and 5/2 formalism

Finding a consistent propagator without background coming from the
lower spin components.

Our solution relies on

Pascalutsca & Timmermans, PRC60, 042201 (1999):

“Our basic premise is that a consistent interaction should not activate the spurious
DOF, and therefore the full interacting theory must obey similar symmetry require-
ments as the corresponding free theory”
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Isobar Model
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K*(q)
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Isobar Model

From the feynman diagrams we calculate .# and decompose it to the six gauge- and
Lorentz-invariant M; matrices

M

.///p-‘r(,%/\ +(//f):o +'//K* +>%N‘ —+ .-

6
= Y AMup,
~

!

where

M = 3w(¢K—K9)

My = 1[(29—k)-eP-k—(2g—kK)-kP-¢] ,
M; = 1(qk-ké—q-ek),

My = iguvps?"q'ePkC

Ms = 1(q-ek®—q-kk-¢),

Ms = 15(k-ek—k%¢),

we obtain the amplitudes A, ..., As and calculate the observables.
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|
Model 1, Propagator

Spin 3/2 resonance’

3/2 _ P+K+s 2 1 B
T e o | LR CRNU MG M S CACRRO RGNS

Spin 5/2 resonance'?

52 p+K+/s
P2, O+ iy [P Pes ~2PuvPag +5Pus Pra-t Pup P 1 PoaPay

+Pvp7p76PaﬁPua+PppYPYGPgﬁPva+Pvp}’pVGPGaPuB ,

with

|
Puv = =guv+ S (P+K)u(p+K)v .

1. J.-C. David, et al., Phys. Rev. C 53, 2613 (1996).
2. V. Shklyar, H. Lenske and U. Mosel, Phys. Rev. C 82, 015203 (2010).
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Model 1, vertex factors

For spin 3/2 resonances the electromagnetic vertex is’

kY p-ek¥ —p-ke¥ k-ek¥ —k2g”
et = {ga* (sv—7¢ >+gb* e 9y e (T
N'py Npr Vs+mp NP (Vs +mp)2 NPY (/s mp)?
where 'y =iy and M- =1.
and the hadronic vertex reads
w(E) _ 9KAN* u
D = S Pal=

The vertex factors for spin 5/2 resonances are analogous.

J.-C. David, et al., Phys. Rev. C 53, 2613 (1996).
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Model 2, Propagator

Spin 3/2 resonance’

P = st B+ {8+ 0o+ K+ o+ R+ )}

Spin 5/2 resonance?

52  _ P+K+s
Puvap 10(5— M, +imy-Tn) 5PuaPyp —2PuvPop +5PupPva + Pup ¥ 17 Pou Pyp

+Pvp'YpVGPaﬁPua+Pup7pYGPgﬁPva+Pvp}’pVGP6aPuﬁ

with

1
Puv :—QMV+E(P+k)u(P+k)v .

1. V. Pascalutsa, Phys. Lett. B 503, 85 (2001).

2)
2. J.-C. David, et al., PRC 53, 2613 (1996), V. Shklyar, et al., PRC 82, 015203 (2010), T. Vrancx, et al., PRC 84, 045201 (20%
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|
Model 2, vertex factors

For spin 3/2 resonances the electromagnetic vertex is’

i
oo = T, (00" K K" $)p+ gD (K" p-e—e"p- k) +gOp" (¢4 — K¢)

+9 7" (K¢ — ¢K)p + 97 (p- k¢ —p-ek)| < ,

where 'y =iy and M - =1.
and the hadronic vertex reads

ru(i) _ gK/;N* |—I jektveo

KAN* PAvY5Yp Qo -

N*

The vertex factors for spin 5/2 resonances are analogous.

V. Pascalutsa and R. Timmermans, Phys. Rev. C 60, 042201 (1999).
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|
Spin 3/2 Model 1

e.g. Ay,---, Ay for Spin 3/2

Aq

i{(mp+m/\)(% Loy %\/gm/\)¥ci{s*mf( —3bp +mp(£2V5+mp)} F 2once o+ ﬁci

X (M Ck + MACA —mpc,\)] G T [%(mp+m/\){bp—3b,\ +20p + Mp(£VS—mp) + 2k2cy

Az

F S kemp £ on (Vs mp)| |+ bp(mp F Y on)| Ga £ K2 | g5 (mp+mp)(20n — sF mAv/S) —mp £ Toen| G
]
t—mg

[{3cl(04—2b,\)i2m,\+ 2cicp(20k—s+mB)F ﬁm,\g[(\/éimp)z-;—zlzk]} Gy

+{3(br ~ bp) (VST mp) + K2[mp — enes(s—mB) — JoonF Lema(VsEmp)l} Gy

+k2{—3(\/§1mp)¥2m,\+ %cic,\(s—mf,)i ﬁmA(\/Eimp)}Gs} .
Az =

¥%{3120im,\+%CAI%E(mAiZCic,\)}@i%[S(bp+b,\)—Zchcim,\(s—mf,)—%kgc,\
s {Rmten(Vstmp)}| Gt 1K (3+ 2w Jomn) G s
Ay = i%{SiZcim,\—z

2op+ ﬁ(m,\ iZC:C/\)} GiF) {S(bp—b,\)JrZC,\icim,\(s—mf,)+ 2
¥ﬁ{k2m/\ic,\(\/§imp)ﬂ GoF JK3(3~ Zont Jsma) Gs

k%cp
Note: As and Ag have been also calculated — only for electroproduction
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|
Spin 5/2 Model 1

e.g. Ay,---,As for Spin 5/2

A= F[Ber{(mp+ma)es 20501} F20p{0r 05 F s (mp+ mp )k} — o {201 V[T 4205 (V5
mp)] 40105 0 £ (M + Mp)[e1 — CsV/S(VS % mp) + skl | Gt + [ (mp +my) {50y
x(Lk20n +bp — bn) ~ k2op( L o — 1)} + iz { ~c1 (2bpV/s+ (mp + mp ) [Vs(mp % V/5)
FKE])F (mp+ M) (k2os — bg)[V/S(v/5++ mp) — o] }| G K2 [(mp + ma) (50105 + L ok c2)

Jr(&{fzc1 N (mp+m,\)j:cs(mp+m/\)[\/§(\/§imp)—CK]H Gs,

2
A, = r— ([501 {(\/Eimp)cs—ZCTq}+k20702(2—%ck)idT{01 o (K2 +2¢)
— Mk

—es(bpVEEmpcy)}| Gr + (V5 mp) x {5er (k¥ es — bg) + K20a(L o 1)}~ o
><{c1k2mp:t(kzcs—bq)[bp\/gickmp]}}62—k2[(\/E:tmp)(SaCs+1§l:20k)¥d;{c1
x (Vgimp)JrCs(bp\@ickmp)}} 63)1

Ay = 1[501(14—%0/\)—éckozid;{qﬁ+4c:\/§)+(1+éc,\)[bpimp(\/§imp)]HG1;[501(2bp
—bq+k205)+k202(1§ck—1);:0’;{(:1[k2—\E(\/Eirmp)]+(2bp—bq+k205)[ck—\/§

x(vVsEmp)]}| G+ K2 51 (1+ Len) — Laco £ dp {1 +(1+ Len)lVE(Vs:t mp) ~ 6]} Gg .
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Note: A4,---, Ag have been also calculated.
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|
Spin 3/2 Model 2

e.g. Ay,---,Aq for Spin 3/2

A = imp\/g[di{*Q\/g(m/\ FVE) F (G + 5 (mp+mp)(mpF Vs))} —3{cy + S os(mp+mp)
X(mpi\@)}} Gi+ %\@[di{pr\/g+(mp+m/\)(mpTr\/E)ﬁi K2(mp +mn)} +3(mp +my)(cy *bpcs)} Gp

12\/5[@ {2bpV/5 + (Mp -+ MA) (Mp F V/3)V/S — (Mpv/5F Cp) (MA F V/5) } — 3y (M + \/E)} Gy,

Ay = & [mpﬁ{ikgdi +3(k2cs —2bq)} Gy +\/§{1dimpk2 —3(mpFV3)(cy 7bpcs)} Gy +4sk2dy 63} ,

t—m?

Ay = EmpVs|di{-2VsF J(mpFvE)}+ F(mp+VE)(1+ Lon)| Gr + FVS[di{(mp ¥ VE)VE AP}
+3{cy +bp(1+ ‘gcA)}} G ¥2v/5(+0,dx +3¢1) Gs

Ay = EmpVs|di{-2VEF §(mpFVE)}— (mp VS)es| Gy £ §VE|dif (mp T VE) Vst kP

+3{c1 —bps}| Go 72V (0 +3cr) Gy
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|
Spin 5/2 Model 2

e.g. Ay,---, Ay for Spin 5/2

A = i2mp\/§{d;{—301 Vs(mp +v/8) = § csk®(mp + mp) Vs [261 ¢ + § (mp+ mp ) (mp £ V/8) (¢ + ¢ Cs)]}
+{~(568 +0203) — }(mp+ mp)(Mp ¥ VS)(501 5 + L 0204 }| Gt + V5[ {2601 v/5 -+ (mp + mp ) (mp & v/5)
xv/5(261 — bpCs) £ (M + M ) (bpbg — 201 k2) } + (mp + mp){5¢1 (¢1 — bpcs) — ‘gcch%}} Go

izﬁ[m/éq d (bp + %ckm/\)—(m,\x\@) x (1062 +2c2c3)} Gy,

A = = (2mp /5| ds {esk®v/8(mp ¥ v/5) F [(c1 + 0k 0s)k? — 2bgcy]} + {501 (k205 — 2bg) — cok®(2— L k)}| Gy

t—m2
+2\/§[ar¥ {(2¢1 K2 + bpCsk? — 2bpbg) /s + (Mp T V/S)(201 k2 — bpbg) } + (mp + V/5) {5¢1 (bpcs — ¢1) + ‘gcpczkz}]
x Gy +165k20q di Gs) ;

Ay = =V5(2mp[dvE{-Ber + bKE(1+ Ton) £ 5z (mp £ VE)ler — (1+ Lon)el} + F(mp T vE){Ser (1+ o)
chzck}} Gy + [d¢{(mpi\/§)\/§[201 +bp(1+ S ep)]+ (bpbg — 201 K2 —2bpcy) }

+{5¢1[c1 +bp(1+ Lep)l - ‘gcchkZ}] Gg+2[:t4c1 s —(100124—20203)} Gs.

.,‘

Ay = i\/§<2mp [df Vs{~(3c1 + yosk?)+ %ﬁ(mpi Vs)(cr +cxCs)} — 5 (mpFv/s){5eycs
+1cock }} Gi+ [dx{(mpi\@)\@[ZQ — bpcs] =+ (bpbg —2¢1 k2)} + {5¢1 [e1 — bps] @,
—%cchkz}} Go +4{+2¢y ckd+—(5012+0203)}x63) , b
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Four Models Analyzed

From the two formulations of spin 3/2 and 5/2 resonances used in the present
analysis we obtain four combinations (models)

Model Spin 3/2  Spin 5/2
Model A Model1  Model 1
Model B Model 2 Model 1
Model C Model1 Model 2
Model D Model 2 Model 2

Terry Mart (Universitas Indonesia)
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Database

Observables Ny

do/dQ 4745

P 2006
> 100
T 66
Cy 159
C, 160
Oy 66
O, 66
Total 7433
;‘v.erv-'
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Nucleon resonances used in our calculation (PDG2014)

Resonance Status Mass (MeV)  Width (MeV)
N(1440)P; 1430 +20 350+ 100
N(1520)Dy5  **** 151545 11519
N(1535)S;1 15351720 150 +25
N(1650)S;1 165575 140+ 30
N(1675)Dy5 ~ **** 1675+5 150735
N(1680)Fy5  **** 1685+5 13010
N(1700)Dy3  *** 1700+ 50 1501190
N(1710)Pyy 1710+30 1001150
N(1720)Pyg  *** 1720720 250+120
N(1860)Fis > 18607,3° 270+130
N(1875)Dy3  *** 1875+23 200+ 25
N(1880)P; ** 1870+35 235+ 65
N(1895)S;1 ** 1895+ 15 90*32
N(1900)P;3 1900 250
N(2000)F;5 ** 20504100 198+2
N(2060)D15 ** 2060 375+25
N(2120)Dy3 ** 2120 330+45
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Extracted background parameters and the resonance hadronic cutoff Ar

Parameters A B C D
gkan/ VAT —337 —3.00 —3.00 —3.00
ksn/ VAT 0.90 0.90 1.30 1.27
GY./4n -0.25 0.12 -0.37 0.15
Gl /An 0.17 —0.08 0.72 0.26
G,‘g yzy: 0.42 0.43 0.23 1.46
Gk, /4n -0.72 -0.08 —0091 0.07
G/\(1600)/47l' —6.30 —9.00 5.12 8.41
Gppisioy/4m 10.00 1000 -4.48 —9.61
Ag (GeV) 0.72 0.89 0.70 0.70
Ar (GeV) 2.00 2.0 2.00 1.31
6haa. (deg) 180 122 56 130
Pnaa. (deg) 72 180 180 177
x° 15736 13192 14679 11724
Niaga 7433 7433 7433 7433
Noar, 74 86 84 96
22/ Ny.os 2.14 1.77 1.97 1.58
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Comparison with experimental data, total cross section

3 T T T T T T T T T
251 P(Y.KT)A i
2 L 4
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Total CS data are not used in the fit database
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Comparison with experimental data, total cross section near threshold

3.0 T T T T T T

25F p(y,KHA ]

G0t (D)

0 ’ 1 1 1 1 1 1 1
1.60 1.62 1.64 1.66 1.68 1.70 1.72 1.74

W (GeV)

Oscillation in Model A originates from diff. CS
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Comparison with experimental data, diff. cross section & recoil pol.
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Comparison with experimental data, diff. cross section & recoil pol.
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Comparison with experimental data, target & photon polarization

PV KA

1.728 GeV
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Comparison with experimental data, photon-recoil double polarization

> - N
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Comparison with experimental data, photon-recoil double polarization

P (V. kHK

g 1 754 GeV
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Photo and electroproduction of the hypertriton

To calculate the cross section we need the transition current

(141) = V3 [P oqWi(p.q) I (KO, K. ke k. K G, 9 ) Wi(P.q)
o where the three-body momentum coor-
dinates
. K (qx) 1
P p=5lke—ks) . q=ki,
e

¥, (6) e ,
and the hyperon momentum in the hy-

. pertriton
N (ki) / \ @ / \ A (kD)
N (ky) \ / N (k,) ql = k{] = ki + my + ms
N (k3) A N (k3) m +mp+mg
3
e 3H with Q= k — g

R
>

.,‘

The transition amplitude M; is obtained from the isobar model.

o~
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-]
Three-body wave functions

The initial wave function W; (Similar for the final Wy)

Wi(p.q) Y 0alp.q) [{LS)LUDEM ) |(TH)EM, )

a=(L8T)
0a(p,q) (Lm Smg|Jm,)

o=(LSJIT) mmgmimsm m

(I i) iy M) Y, (B) Vi (@), [(T3M )

The transition current

(fl8i) = V6 Y Y Y (LmSmgldmy) (Lm Smg|J'my) (/m,%ms|jmj)

o0/ mm’ N,Mp
X (//m,/%ms/\j/mj/> (Jmijj\%Mi) (J myj' my |2Mf) ( ms/zms\nmn>
1
X (=1)""27" 8111 8m, m,, Sss' Omgmg 070

/p2dp &*q 00 (. q) $a(P.q) Yim, (&) Yim,(8) 15 -

R
>

.,‘

o~

The [j* ]%’3 — elementary operator o< g, jH.
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Three-body wave functions

a L S J / 2j 27 P(3He) P(3H)
1 0 0 0 0 1 1 44.580 -
2 0 1 1 0 1 0 44.899 93.491
3 2 1 1 0 1 0 2.848 5.794
4 0 1 1 2 3 0 0.960 0.034
5 2 1 1 2 3 0 0.189 0.027
6 1 0 1 1 1 0 0.089 0.004
7 1 0 1 1 3 0 0.198 0.008
8 1 1 0 1 1 1 1.107 -
9 1 1 1 1 1 1 1.113 -
10 1 1 1 1 3 1 0.439 -
11 1 1 2 1 3 1 0.064 -
12 3 1 2 1 3 1 0.306 -
13 1 1 2 3 5 1 1.018 -
14 3 1 2 3 5 1 0.024 -
15 2 0 2 2 3 1 0.274 -
16 2 0 2 2 5 1 0.425 -
17 2 1 2 2 3 0 0.122 0.024
18 2 1 2 2 5 0 0.095 0.018
19 2 1 3 2 5 0 0.205 0.053
20 4 1 3 2 5 0 0.053 0.006
33 4 1 4 4 7 0 0.011 0.004
34 4 1 4 4 9 0 0.009 0.003

Terry Mart (Universitas Indonesia)
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Nuclear cross section

Calculate
v 1 » ) and obtain the cross sections
w = = fIJH i) (F]JY [1)"
3 I (F1 11" iy
e dor - qa K Wc,m,
c.m. - e ’
related to the nuclear structure functions by Ky K 2W
do  _  q M e
JOoc.m. - e
Wo = g (Wt W), % oW
dorr - « ag™ MSH e
W = 2 Woo aQgm K 2w T
1 M;
Wer = — (Wx—W,y,), dour  ___Gk™ TRH em
4 o™ %k aw M
WLT = ? (W0x+ WXO) .
where
d dor d d
dg; = dor + L%qLe d;TT cos2¢x +/2eL(1+¢€) dQ T cos gy |
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Kinematics

Required for technical calculation, e.g.,

ki =
K(q,)
ak =

K=

9k -k
ki -k
Ak - ki
kxax
kq x k
k’1><k1

kq (sin 64 cos 91 ex +sin 6y singyey +cosbez) ,

gk (sin6kex +cosbxez),

ki + 2 (k—qx)

(kysiny cos @1 — 3 i sin B ) ex + (kg sin By singy) ey
+(ki cos 81 + 5k — 2 qx cos b ez

ki (sin 6] cos ¢ ex +sin 6] sin¢] ey +cos 6] ez)

= Qgxk cosby .

= kyk cosfy ,

= gkq (sin6k sinBy cos¢q +cos bk cosby),
= kgk sinék ey,

= kyk sin6; (singjex —cosoiey) ,

= 2 (kxki—gxxki),
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Investigate the Off-Shell Assumptions

@ both initial and final baryons are
on-shell [k? = (m}, +k3)'/2,

K = (mf + k)12,

@ the initial nucleon is on-shell and the

final hyperon is off-shell
[kO — (m2 +k2)1/2
kIO kO + ko — Ek],

N T

N (ky)
N (k)

@ the initial nucleon is off-shell and the final hyperon is on-shell,

(KO = K® + Ex — ko, k{? =

(m2 + k/2)1/2]

@ both initial and final baryons are off-shell. In this case the static
approximation k% = my, is used for the initial nucleon, while

k/O ko—‘rko—EK

Terry Mart (Universitas Indonesia)
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Result

3He(e, e K" ;\H
T T

T

W=4.10 GeV

initial on-shell
initial anld final on—fhcll

ool t t i '
o
B
=}
=
g
*]
S
)
<
0.01 t f % %
1.0 a2 £ i
0.1
W=4.50 GeV
0.01 . y 1 1
0 5 10 15 20
cm.
6, (deg)
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“final on-shell” is closer to exp. data
— Hyperon in the final state is
weakly bound

— 130 keV

Data from: F. Dohrmann et al., Phys. Rev. Lett. 93, 242501 (2004)

T.M. and B. Van Der Ventel, Phys. Rev. C 78, 014004 (2008)
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Effects of Fermi motion

2.5

*He(y. K*) \H
T T

2.0

1.0 =

0.5

T

W=4.04GeV A

0.0

20 -

do/1dQ  (nb/sr)

R B B B e

Terry Mart (Universitas Indonesia)

@ dashed curve — “frozen nucleon”

approximation (k) =0
— average

momentum approximation
(k1) =-3Q

@ solid curve — exact treatment of

Fermi motion

T.M. and B. Van Der Ventel, Phys. Rev. C 78, 014004 (2008)
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Different elementary models

*He(y, K*) 3H
T T

14 .
12
1.0
0.8
06
0.4
02 F
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0.0 t t t

do1dQ  (nb/sr)
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0 5 lb 115
e;.m (deg)
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i
20

@ dashed curve — Kaon-Maid
without missing resonance

model

@ solid curve — Kaon-Maid with
missing resonance

— Very simple

T.M. and B. Van Der Ventel, Phys. Rev. C 78, 014004 (2008)

Kaon Production

HYP-2015

R
S

47/55



Limiting the number of partial waves

The integrations requires heavy numerical calculation. To obtain one point in the plot of
observables integrations using 34 x 16 x 34 x 20 x 30 x 10 = 110,976,000 grid points is
necessary

— limit the number of partial waves

a L S J I 2j 2T P(3He) P(3H)
1 0 0 0 0 1 1 44.580 -
2 0 1 1 0 1 0 44.899 93.491
2 1 1 0 1 0
4 0 1 1 2 3 0 0.960 0.034
5 2 1 1 2 3 0 0.189 0.027
6 1 0 1 1 1 0 0.089 0.004
7 1 0 1 1 3 0 0.198 0.008
8 1 1 0 1 1 1 1.107 -
9 1 1 1 1 1 1 1.113 -
33 4 1 4 4 7 0 0.011 0.004
34 4 1 4 4 9 0 0.009 0.003

Terry Mart (Universitas Indonesia) Kaon Production HYP-2015 48 /55



Limiting the number of partial waves

full calculation full —ox <5

= 1
@ E 0.8
£ \ D> 204

Iy, E o0
s #
< S o

5]0

H

full —a <4 full —s wave only
T.M. Nucl. Phys. A 815, 18 (2009)
tas Indonesia) Kaon Production HYP-2015 49/55




New calculation

In this approach the 3He wave functions reads

3
Vum(Ry) = Y Y ¥ [[711/2(’\//)711/2(’\/])},3771/2(Nk)]

b=1ta,8p X p,Lp, 1

<[ D2 202N, 212N (00, ()0, (R |

T.7z

whereas the hypertriton wave function can be written as

3
Vom(raRa) = ) Y Y [mp(NOmp(N2)] g, o

a=183,X3/0a,La,la

x H[%1/2(N1)l1/2(N2)} . X1/2(/\)} - [@‘a("a)QDLQ(Ra)La]JaMa-
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Jacoby coordinate system for three-body states

The relation between the possible configurations

5b:5) 14 3(5.1/2). @5% Ao @—'—@

is expressed by

2sp.1/2) = ZU$72°

with the “transportation” coefficients

—V3/2
-1/2

V3/2

—1/2

U(+) _ 71/2
1/2 \/§/2
) _ -1/2
i = (U
0 1 0
U = (0 1)'

Terry Mart (Universitas Indonesia)

A A A
HoQ @/é ©)
>’ ®)>@ @—'—@
Ny e=1 N, c=2 c=3

).

Jacobi coordinates for the possible 3He and ,3\H configura-

tions
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The transition matrix

By writing the elementary operator as
6 = 0/(L+ic-K)e''™,

where L and K are obtained from the isobar model, the nuclear transition
matrix element in the laboratory frame can be written as

<‘VJaMa( H) |01V, m, ( He> Y Y U3 (. 0)
P

X<HTI1/2(N1)171/2(N2)] 170(/\)} o |o)| [[171/2(N/)171/2(N/)], 771/2(Nk)] 771/2>

<) ¥ ZZUbﬁs (Sb,5) <“X1/2(N1)X1/2(N2)} 21/2(N3) } |L+/c K|

T a3y SaSh lal, S

x [[x1/2(N1)X1/2(N2)}SD 751/2(’\13)]\;[7,”Z >

% [91a(ra) ora(Ra)] 1y, 1€ [0, () o1, (Ro)] 1, )

o~
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.
The transition matrix

The last bracket can be written as

Fap(t) = <[¢z¢a(fa)<PLa(Ra},aMa}eit‘r”}[fPeb "b)<PL,,(Rb)Lbe>

Zf V(0 Y (R) (oMo | 1aMa)

with

3
f(l A 2 t * —12/4up
Z (A, la; 1) — ] e ,

2up

where An(A, I, Ip) is obtained from the Gaussian expansion method:
E. Hiyama, Y. Kino and M. Kamimura, Prog. Part. Nucl. Phys. 51, 223 (2003)

Z% = ‘<\UJaMa(?\H)Iﬁlebe(SHe)>‘2
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Conclusion

@ New model for kaon photoproduction which includes spin 3/2 and
5/2 nucleon resonances has been proposed

@ The consistent gauge-invariant formulation of the spin 3/2 and 5/2
interactions leads to a better agreement with experimental data

@ A reliable elementary model is required for accurate prediction of
the hypernuclear photo- and electroproduction

@ A new framework has been established to calculate the
hypernuclear photo- and electroproduction
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