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Motivation, Kaon-Maid is getting Old
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Motivation, formulation is not clearly revealed

J.-C. David, et al., Phys. Rev. C 53, 2613 (1996).
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Motivation, models do not work
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Kaon-Maid

New fits with spin 3/2 and 5/2

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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New fits with Spin 3/2 and 5/2

H 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”

Terry Mart (Universitas Indonesia) Kaon Production HYP-2015 7 / 55



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
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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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Problems
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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

(   )

(   )

(    )

(    )

(   ) (    )M

K
+

q

v kγ
e k

i

e’ k
f

p p ΛpΛ

=

(a) (b) (c)

Λ

γe

p p

+
e

e’

v
γ

Λ

+

p

e’

Λ

γ

K

K

v

ve
e’

p, N*

K
+

+

K, K  
+ +*

Σ, Λ, 

+

0 Y*

Terry Mart (Universitas Indonesia) Kaon Production HYP-2015 18 / 55



Isobar Model

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

M = Mp +MΛ +MΣ0 +MK ∗ +MN∗ + · · ·

= ūΛ

6

∑
i=1

Ai Mi up ,

where

M1 = 1
2 γ5 (ε/k/−k/ε/) ,

M2 = γ5 [(2q−k) · εP ·k − (2q−k) ·kP · ε] ,

M3 = γ5 (qK ·kε/−q · εk/) ,

M4 = iεµνρσ γ
µ qν

ε
ρ kσ ,

M5 = γ5
(
q · εk2−q ·kk · ε

)
,

M6 = γ5
(
k · εk/−k2

ε/
)
,

we obtain the amplitudes A1, . . . ,A6 and calculate the observables.
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Model 1, Propagator

Spin 3/2 resonance1

P3/2
µν =

p/+ k/+
√

s
3(s−m2

N∗ + imN∗ΓN∗ )

[
gµν + γν γµ −

2
s

(p + k)µ (p + k)ν −
1√
s

{
γµ (p + k)ν − γν (p + k)ν

}]

Spin 5/2 resonance1,2

P5/2
µναβ

=
p/+ k/+

√
s

10(s−m2
N∗ + imN∗ΓN∗ )

[
5Pµα Pνβ −2Pµν Pαβ + 5Pµβ Pνα + Pµρ γ

ρ
γ

σ Pσα Pνβ

+Pνρ γ
ρ

γ
σ Pσβ Pµα + Pµρ γ

ρ
γ

σ Pσβ Pνα + Pνρ γ
ρ

γ
σ Pσα Pµβ

]
,

with

Pµν =−gµν +
1
s

(p + k)µ (p + k)ν .

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).

Terry Mart (Universitas Indonesia) Kaon Production HYP-2015 20 / 55



Model 1, vertex factors

For spin 3/2 resonances the electromagnetic vertex is†

Γ
ν(±)
N∗pγ

=

{
ga

N∗pγ

(
ε

ν − ε/kν

√
s±mp

)
+ gb

N∗pγ

p · ε kν −p ·kεν

(
√

s±mp)2 + gc
N∗pγ

k · ε kν −k2εν

(
√

s±mp)2

}
Γ± ,

where Γ+ = iγ5 and Γ− = 1.
and the hadronic vertex reads

Γ
µ(±)
K ΛN∗ =

gK ΛN∗

mN∗
pµ

Λ Γ∓ .

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 resonance1

P3/2
µν =

p/+ k/+ mN∗

3(s−m2
N∗ + imN∗ΓN∗ )

[
−3gµν + γµ γν +

1
s

{
(p/+ k/)γµ (p + k)ν + (p + k)µ γν (p/+ k/)

}]
Spin 5/2 resonance2

P5/2
µναβ

=
p/+ k/+

√
s

10(s−m2
N∗ + imN∗ΓN∗ )

[
5Pµα Pνβ −2Pµν Pαβ + 5Pµβ Pνα + Pµρ γ

ρ
γ

σ Pσα Pνβ

+Pνρ γ
ρ

γ
σ Pσβ Pµα + Pµρ γ

ρ
γ

σ Pσβ Pνα + Pνρ γ
ρ

γ
σ Pσα Pµβ

]
,

with

Pµν =−gµν +
1
s

(p + k)µ (p + k)ν .

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

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 (2011).
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Model 2, vertex factors

For spin 3/2 resonances the electromagnetic vertex is†

Γ
ν(±)
N∗pγ

= − i
m2

N∗

[
g(1)(ε

ν k/−kν
ε/)p/+ g(2)(kν p · ε− ε

ν p ·k) + g(3)pν (ε/k/−k/ε/)

+g(4)
γ

ν (k/ε/− ε/k/)p/+ g(5)
γ

ν (p ·kε/−p · εk/)
]
Γ± ,

where Γ+ = iγ5 and Γ− = 1.
and the hadronic vertex reads

Γ
µ(±)
K ΛN∗ =

gK ΛN∗

m2
N∗

Γ∓ iεµνρσ pΛν γ5γρ qσ .

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. A1, · · · ,A4 for Spin 3/2

A1 = ±
[
(mp + mΛ)( 3

2 −
1
s cΛ± 1

2
√

s mΛ)∓c±{s−m2
K −3bΛ + mΛ(±2

√
s + mp)}∓ 2

s cΛc±ck ± 1√
s c±

×(mΛck + mΛcΛ−mpcΛ)
]

G1∓
[

1
2 (mp + mΛ)

{
bp −3bΛ + 2cΛ + mΛ(±

√
s−mp) + 2

s k2cΛ

∓ 1√
s [k2mΛ±cΛ(

√
s±mp)]

}
+ bp(mp ∓ 1√

s cΛ)
]
G2±k2

[
1
2s (mp + mΛ)(2cΛ−s∓mΛ

√
s)−mp ± 1√

s cΛ

]
G3 ,

A2 =
1

t−m2
K

[{
3c±(c4−2bΛ)±2mΛ + 2

s c±cΛ(2ck −s + m2
p)∓ 1√

s mΛc±[(
√

s±mp)2 + 2ck ]
}

G1

+
{

3(bΛ−bp)(
√

s∓mp) + k2[±mΛ− 2
s cΛc±(s−m2

p)− 1√
s cΛ∓ 1√

s mΛ(
√

s±mp)]
}

G2

+k2
{
−3(
√

s∓mp)∓2mΛ + 2
s c±cΛ(s−m2

p)± 1√
s mΛ(

√
s±mp)

}
G3

]
,

A3 = ∓ 1
2

{
3∓2c±mΛ + 2

s cΛ∓ 1√
s (mΛ±2c±cΛ)

}
G1± 1

2

[
3(bp + bΛ)−2cΛ∓c±mΛ(s−m2

p)− 2
s k2cΛ

± 1√
s

{
k2mΛ±cΛ(

√
s±mp)

}]
G2± 1

2 k2(3 + 2
s cΛ∓ 1√

s mΛ)G3 ,

A4 = ± 1
2

{
3±2c±mΛ− 2

s cΛ± 1√
s (mΛ±2c±cΛ)

}
G1∓ 1

2

[
3(bp −bΛ) + 2cΛ±c±mΛ(s−m2

p) + 2
s k2cΛ

∓ 1√
s

{
k2mΛ±cΛ(

√
s±mp)

}]
G2∓ 1

2 k2(3− 2
s cΛ± 1√

s mΛ)G3 ,

Note: A5 and A6 have been also calculated→ only for electroproduction
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Spin 5/2 Model 1
e.g. A1, · · · ,A3 for Spin 5/2

A1 = ∓
[
5c1{(mp + mΛ)cs ∓2c∓c1}∓2c2{c∓c3∓ 1

2s (mp + mΛ)ck }−d∓
{

2c1
√

s[1 + 2c∓(
√

s

±mΛ)]−4c1c∓ck ± (mp + mΛ)[c1−cs
√

s(
√

s±mp) + csck ]
}]

G1±
[
(mp + mΛ)

{
5c1

×( 1
s k2cΛ + bp −bΛ)−k2c2( 1

s ck −1)
}

+ d∓
{
−c1(2bp

√
s + (mp + mΛ)[

√
s(mp ±

√
s)

∓k2])∓ (mp + mΛ)(k2cs −bq )[
√

s(
√

s±mp)−ck ]
}]

G2±k2
[
(mp + mΛ)(5c1cs + 1

s ck c2)

+d∓
{
−2c1

√
s∓c1(mp + mΛ)±cs(mp + mΛ)[

√
s(
√

s±mp)−ck ]
}]

G3 ,

A2 =
2

t−m2
K

([
5c1

{
(
√

s±mp)cs −2c∓c1
}

+ k2c∓c2(2− 1
s ck )±d∓

{
c1c∓(k2 + 2ck )

−cs(bp
√

s±mpck )
}]

G1 +
[
(
√

s±mp)×
{

5c1(k2cs −bq ) + k2c2( 1
s ck −1)

}
−d∓

×
{

c1k2mp ± (k2cs −bq )[bp
√

s±ck mp ]
}]

G2−k2
[
(
√

s±mp)(5c1cs + 1
s c2ck )∓d∓ {c1

× (
√

s±mp) + cs(bp
√

s±ck mp)
}]

G3

)
,

A3 = ±
[
5c1(1 + 1

s cΛ)− 1
s ck c2±d∓

{
c1(1 + 4c∓

√
s) + (1 + 1

s cΛ)[bp ±mp(
√

s±mp)]
}]

G1∓
[
5c1(2bp

−bq + k2cs) + k2c2( 1
s ck −1)∓d∓

{
c1[k2−

√
s(
√

s±mp)] + (2bp −bq + k2cs)[ck −
√

s

×(
√

s±mp)]
}]

G2∓k2
[
5c1(1 + 1

s cΛ)− 1
s ck c2±d∓

{
c1 + (1 + 1

s cΛ)[
√

s(
√

s±mp)−ck ]
}]

G3 ,

Note: A4 , · · · ,A6 have been also calculated.
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Spin 3/2 Model 2

e.g. A1, · · · ,A4 for Spin 3/2

A1 = ±mp
√

s
[
d±
{
−2
√

s(mΛ∓
√

s)∓ (ck + 1
2 (mp + mΛ)(mp ∓

√
s))
}
−3
{

c1 + 1
2 cs(mp + mΛ)

×(mp ±
√

s)
}]

G1± 1
2
√

s
[
d±
{

2bp
√

s + (mp + mΛ)(mp ∓
√

s)
√

s±k2(mp + mΛ)
}

+ 3(mp + mΛ)(c1−bpcs)
]

G2

±2
√

s
[
d±
{

2bp
√

s + (mp + mΛ)(mp ∓
√

s)
√

s− (mp
√

s∓cp)(mΛ∓
√

s)
}
−3c1(mΛ±

√
s)
]

G3 ,

A2 = ± 1
t−m2

k

[
mp
√

s
{
±k2d±+ 3(k2cs −2bq )

}
G1 +

√
s
{
∓d±mpk2−3(mp ∓

√
s)(c1−bpcs)

}
G2 + 4sk2d±G3

]
,

A3 = ±mp
√

s
[
d±
{
−2
√

s∓ 1
2 (mp ∓

√
s)
}

+ 3
2 (mp ±

√
s)(1 + 1

s cΛ)
]

G1± 1
2
√

s
[
d±
{

(mp ∓
√

s)
√

s±k2}
+3
{

c1 + bp(1 + 1
s cΛ)

}]
G2∓2

√
s
(
±ck d±+ 3c1

)
G3

A4 = ±mp
√

s
[
d±
{
−2
√

s∓ 1
2 (mp ∓

√
s)
}
− 3

2 (mp ±
√

s)cs
]

G1± 1
2
√

s
[
d±
{

(mp ∓
√

s)
√

s±k2}
+3
{

c1−bpcs
}]

G2∓2
√

s
(
±ck d±+ 3c1

)
G3

Terry Mart (Universitas Indonesia) Kaon Production HYP-2015 26 / 55



Spin 5/2 Model 2
e.g. A1, · · · ,A4 for Spin 5/2

A1 = ±2mp
√

s
[
d∓
{
−3c1

√
s(mΛ±

√
s)− 1

2 csk2(mp + mΛ)
√

s± [2c1ck + 1
2 (mp + mΛ)(mp ±

√
s)(c1 + ck cs)]

}
+
{
−(5c2

1 + c2c3)− 1
2 (mp + mΛ)(mp ∓

√
s)(5c1cs + 1

s c2ck
}]

G1±
√

s
[
d∓
{

2bpc1
√

s + (mp + mΛ)(mp ±
√

s)

×
√

s(2c1−bpcs)± (mp + mΛ)(bpbq −2c1k2)
}

+ (mp + mΛ)
{

5c1(c1−bpcs)− 1
s c2cpk2}]G2

±2
√

s
[
4
√

sc1d∓(bp ±
1√
s

ck mΛ)− (mΛ∓
√

s)× (10c2
1 + 2c2c3)

]
G3 ,

A2 = ± 1
t−m2

k

(
2mp
√

s
[
d∓
{

csk2√s(mp ∓
√

s)∓ [(c1 + ck cs)k2−2bqck ]
}

+
{

5c1(k2cs −2bq )−c2k2(2− 1
s ck )

}]
G1

+2
√

s
[
d∓
{

(2c1k2 + bpcsk2−2bpbq )
√

s± (mp ∓
√

s)(2c1k2−bpbq )
}

+ (mp ±
√

s)
{

5c1(bpcs −c1) + 1
s cpc2k2}]

×G2 + 16sk2c1d∓G3

)
,

A3 = ±
√

s
(

2mp
[
d∓
√

s
{
−3c1 + 1

2 k2(1 + 1
s cΛ)± 1

2
√

s (mp ±
√

s)[c1− (1 + 1
s cΛ)ck ]

}
+ 1

2 (mp ∓
√

s)
{

5c1(1 + 1
s cΛ)

− 1
s c2ck

}]
G1 +

[
d∓
{

(mp ±
√

s)
√

s[2c1 + bp(1 + 1
s cΛ)]± (bpbq −2c1k2−2bpck )

}
+
{

5c1[c1 + bp(1 + 1
s cΛ)]− 1

s c2cpk2}]G2 + 2
[
±4c1ck d∓− (10c2

1 + 2c2c3)
]

G3 ,

A4 = ±
√

s
(

2mp
[
d∓
√

s
{
−(3c1 + 1

2 csk2)± 1
2
√

s (mp ±
√

s)(c1 + ck cs)
}
− 1

2 (mp ∓
√

s)
{

5c1cs

+ 1
s c2ck

}]
G1 +

[
d∓
{

(mp ±
√

s)
√

s[2c1−bpcs ]± (bpbq −2c1k2)
}

+
{

5c1[c1−bpcs ]

− 1
s c2cpk2}]G2 + 4

{
±2c1ck d∓− (5c2

1 + c2c3)
}
×G3

)
,
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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 Model 1 Model 1
Model B Model 2 Model 1
Model C Model 1 Model 2
Model D Model 2 Model 2
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Database

Observables Ndata

dσ/dΩ 4745
PΛ 2006
Σ 100
T 66
Cx 159
Cz 160
Ox 66
Oz 66

Total 7433
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Nucleon resonances used in our calculation (PDG2014)

Resonance Status Mass (MeV) Width (MeV)
N(1440)P11 **** 1430±20 350±100
N(1520)D13 **** 1515±5 11510

−15
N(1535)S11 **** 1535+20

−10 150±25
N(1650)S11 **** 1655+15

−10 140±30
N(1675)D15 **** 1675±5 150+15

−20
N(1680)F15 **** 1685±5 130±10
N(1700)D13 *** 1700±50 150+100

−50
N(1710)P11 *** 1710±30 100+150

−50
N(1720)P13 **** 1720+30

−20 250+150
−100

N(1860)F15 ** 1860+100
−40 270+140

−50
N(1875)D13 *** 1875+45

−55 200±25
N(1880)P11 ** 1870±35 235±65
N(1895)S11 ** 1895±15 90+30

−15
N(1900)P13 *** 1900 250
N(2000)F15 ** 2050±100 198±2
N(2060)D15 ** 2060 375±25
N(2120)D13 ** 2120 330±45
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Extracted background parameters and the resonance hadronic cutoff ΛR

Parameters A B C D
gK ΛN/

√
4π −3.37 −3.00 −3.00 −3.00

gK ΣN/
√

4π 0.90 0.90 1.30 1.27
GV

K ∗/4π −0.25 0.12 −0.37 0.15
GT

K ∗/4π 0.17 −0.08 0.72 0.26
GV

K1
/4π 0.42 0.43 0.23 1.46

GT
K1
/4π −0.72 −0.08 −0.91 0.07

GΛ(1600)/4π −6.30 −9.00 5.12 8.41
GΛ(1810)/4π 10.00 10.00 −4.48 −9.61
ΛB (GeV) 0.72 0.89 0.70 0.70
ΛR (GeV) 2.00 2.0 2.00 1.31
θhad. (deg) 180 122 56 130
φhad. (deg) 72 180 180 177
χ2 15736 13192 14679 11724
Ndata 7433 7433 7433 7433
Npar. 74 86 84 96
χ2/Nd.o.f 2.14 1.77 1.97 1.58
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Comparison with experimental data, total cross section
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Comparison with experimental data, total cross section near threshold
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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
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Comparison with experimental data, photon-recoil double polarization
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Comparison with experimental data, photon-recoil double polarization
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Photo and electroproduction of the hypertriton

To calculate the cross section we need the transition current

〈 f |Jµ | i〉 =
√

3
∫

d3p d3q Ψ∗f (p,q′)Jµ (k0,k ,k0
1 ,k1,k ′01 ,k ′1,q

0
K ,qK )Ψi(p,q) ,

K

He H
N

e

e’

vγ

Λ
3

fiM

k
k2

3(    )N

N(    )N

N k Λ
k
k

2

3

k(   )

q

(    )1 (    )k’1
(    )
(    )

K(    )

3

where the three-body momentum coor-
dinates

p =
1
2

(k2−k3) , q = k1 ,

and the hyperon momentum in the hy-
pertriton

q′ ≡ k ′1 = k1 +
m2 + m3

m1 + m2 + m3
Q,

with Q = k −qK .

The transition amplitude Mfi is obtained from the isobar model.
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Three-body wave functions
The initial wave function Ψi (Similar for the final Ψf)

Ψi(p,q) = ∑
α=(LSJljT )

φα (p,q)
∣∣∣{(LS)J,(l 1

2 )j} 1
2 Mi

〉 ∣∣∣(T 1
2 ) 1

2 Mt

〉
= ∑

α=(LSJljT )
∑

mLmSml msmJ mj

φα (p,q) (LmLSmS |JmJ )

(lml
1
2 ms |jmj )(JmJ jmj | 12 Mi)Y L

mL
(p̂)Y l

ml
(q̂)χ

S
mS

χ

1
2

ms

∣∣∣(T 1
2 ) 1

2 Mt

〉
,

The transition current

〈 f |Jµ | i〉 =
√

6 ∑
α,α ′

∑
m,m′

∑
n,mn

(LmLSmS |JmJ )
(
LmLSmS |J ′mJ ′

) (
lml

1
2 ms |jmj

)
×
(

l ′ml ′
1
2 ms′ |j ′mj ′

) (
JmJ jmj | 12 Mi

) (
J ′mJ ′ j

′mj ′ | 12 Mf

) (
1
2 −ms′

1
2 ms |nmn

)
×(−1)n− 1

2−ms′ δLL′ δmLmL′ δSS′ δmSmS′ δT 0

×
∫

p2dp d3q φα ′ (p,q′) φα (p,q) Y l ′
ml ′

(q̂′)Y l
ml

(q̂) [ jµ ](n)
mn

.

The [ jµ ]
(n)
mn → elementary operator ∝ εµ jµ .
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Three-body wave functions

α L S J l 2j 2T P(3He) P(3
ΛH)

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
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Nuclear cross section

Calculate

W µν =
1
2 ∑

MiMf

〈 f |Jµ | i〉〈 f |Jν | i〉∗ ,

related to the nuclear structure functions by

WT =
1

4π
(Wxx + Wyy ) ,

WL =
1

4π
W00 ,

WTT =
1

4π
(Wxx −Wyy ) ,

WLT =
1

4π
(W0x + Wx0) .

and obtain the cross sections

dσT

dΩc.m.
K

= αe
qc.m.

K
KL

M3
ΛH

2W
W c.m.

T ,

dσL

dΩc.m.
K

= αe
qc.m.

K
KL

M3
ΛH

W
W c.m.

L ,

dσTT

dΩc.m.
K

= αe
qc.m.

K
KL

M3
ΛH

2W
W c.m.

TT ,

dσLT

dΩc.m.
K

= −αe
qc.m.

K
KL

M3
ΛH

2W
W c.m.

LT ,

where

dσv

dΩK
=

dσT

dΩK
+ εL

dσL

dΩK
+ ε

dσTT

dΩK
cos2φK +

√
2εL(1 + ε)

dσLT

dΩK
cosφK ,
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Kinematics

i(    )e  k

f(    )e’  k

ey

ez

ex

π−θ e

.

.

.

k

kp 1

θ
θ1

K

φK

φ1

K

(    )

qK(     )

Required for technical calculation, e.g.,

k1 = k1 (sinθ1 cosφ1ex + sinθ1 sinφ1ey + cosθ1ez ) ,

qK = qK (sinθK ex + cosθK ez ) ,

k ′1 = k1 + 2
3 (k −qK )

= (k1 sinθ1 cosφ1− 2
3 qK sinθK )ex + (k1 sinθ1 sinφ1)ey

+(k1 cosθ1 + 2
3 k − 2

3 qK cosθK )ez

≡ k ′1
(
sinθ

′
1 cosφ

′
1 ex + sinθ

′
1 sinφ

′
1 ey + cosθ

′
1 ez

)

qK ·k = qK k cosθK ,

k1 ·k = k1k cosθ1 ,

qK ·k1 = qK k1 (sinθK sinθ1 cosφ1 + cosθK cosθ1) ,

k ×qK = kqK sinθK ey ,

k1×k = k1k sinθ1 (sinφ1ex −cosφ1ey ) ,

k ′1×k1 = 2
3 (k ×k1−qK ×k1) ,
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Investigate the Off-Shell Assumptions

both initial and final baryons are
on-shell [k0

1 = (m2
N + k2

1)1/2,
k ′01 = (m2

Y + k ′21 )1/2],

the initial nucleon is on-shell and the
final hyperon is off-shell
[k0

1 = (m2
N + k2

1)1/2,
k ′01 = k0

1 + k0−EK ],

K

He H
N

e

e’

vγ

Λ
3

fiM

k
k2

3(    )N

N(    )N

N k Λ
k
k

2

3

k(   )

q

(    )1 (    )k’1
(    )
(    )

K(    )

3

the initial nucleon is off-shell and the final hyperon is on-shell,
[k0

1 = k ′01 + EK −k0, k ′01 = (m2
Y + k ′21 )1/2],

both initial and final baryons are off-shell. In this case the static
approximation k0

1 = mN is used for the initial nucleon, while
k ′01 = k0

1 + k0−EK .
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Result
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T.M. and B. Van Der Ventel, Phys. Rev. C 78, 014004 (2008)
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Effects of Fermi motion
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Different elementary models
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T.M. and B. Van Der Ventel, Phys. Rev. C 78, 014004 (2008)
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Limiting the number of partial waves

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

→ limit the number of partial waves

α L S J l 2j 2T P(3He) P(3
ΛH)

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 -
· · · · · · · · · · · · · · · · · · · · · · · · · · ·
· · · · · · · · · · · · · · · · · · · · · · · · · · ·
· · · · · · · · · · · · · · · · · · · · · · · · · · ·
33 4 1 4 4 7 0 0.011 0.004
34 4 1 4 4 9 0 0.009 0.003
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Limiting the number of partial waves

full calculation full −α ≤ 5
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T.M. Nucl. Phys. A 815, 18 (2009)
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New calculation

In this approach the 3He wave functions reads

ΨJbMb
(rb ,Rb) =

3

∑
b=1

∑
ta ,sb ,Σb

∑
`b ,Lb ,Ib

[[
η1/2(Ni )η1/2(Nj )

]
ta

η1/2(Nk )
]

T ,Tz

×
[[[

χ1/2(Ni ) χ1/2(Nj )
]
sb

χ1/2(Nk )
]

Σb

[
φ`b (rb)ϕLb

(Rb)
]
Ib

]
JbMb

,

whereas the hypertriton wave function can be written as

ΨJaMa (ra,Ra) =
3

∑
a=1

∑
sa ,Σa

∑
`a ,La ,Ia

[
η1/2(N1)η1/2(N2)

]
t=0,tz =0

×
[[[

χ1/2(N1) χ1/2(N2)
]
sa

χ1/2(Λ)
]

Σa

[
φ`a (ra)ϕLa (Ra)

]
Ia

]
JaMa

.
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Jacoby coordinate system for three-body states

The relation between the possible configurations
is expressed by

χ
(b)
1/2(sb ,1/2) = ∑

s
U(±,0)

1/2 (sb ,s) χ
(3)
1/2(s,1/2),

with the “transportation” coefficients

U(+)
1/2 =

(
−1/2 −

√
3/2√

3/2 −1/2

)
,

U(−)
1/2 =

(
−1/2

√
3/2

−
√

3/2 −1/2

)
,

U(0)
1/2 =

(
1 0
0 1

)
.

c = 1 c = 2 c = 3

3

Λ

c = 1 c = 2 c = 3

3
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Λ Λ Λ
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N
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N
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3

Jacobi coordinates for the possible 3He and 3
ΛH configura-

tions
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The transition matrix

By writing the elementary operator as

O = OI (L + iσ ·K) eit·rp ,

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

ΨJaMa (3
ΛH) |O|ΨJbMb

(3He)
〉

= ∑
a,b

∑
t

Ub→3
T (tb , t)

×
〈[[

η1/2(N1)η1/2(N2)
]
t η0(Λ)

]
T =0

∣∣OI
∣∣[[η1/2(Ni )η1/2(Nj )

]
ta

η1/2(Nk )
]

T =1/2

〉
× ∑

ΣaΣb

∑
sasb

∑
Ia Ib

∑
s

Ub→3
Σb

(sb ,s)
〈[[

χ1/2(N1)χ1/2(N2)
]
sa

χ1/2(N3)
]

ΣamΣa

∣∣L + iσ ·K
∣∣

×
[[

χ1/2(N1) χ1/2(N2)
]
sb

χ1/2(N3)
]

ΣbmΣb

〉
×
〈[

φ`a (ra)ϕLa (Ra)
]
IaMa

∣∣eit·rp
∣∣[φ`b (rb)ϕLb

(Rb)
]
IbMb

〉
,
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The transition matrix

The last bracket can be written as

Fαβ (t) =
〈[

φ`a (ra)ϕLa (Ra)
]
IaMa

∣∣eit·rp
∣∣[φ`b (rb)ϕLb

(Rb)
]
IbMb

〉
= ∑

λ ,µ

iλ f (λ)
Ia Ib

(t)Yλ µ (x̂)(IbMbλ µ|IaMa) ,

with

f (λ)
Ia Ib

(t) = ∑
n

An(λ , Ia, Ib)

(
π

un

) 3
2
(

t
2un

)λ

e−t2/4un ,

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

dσ

dΩ
∝

∣∣∣〈ΨJaMa (3
ΛH) |O|ΨJbMb

(3He)
〉∣∣∣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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