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MOTIVATION OF STUDYING ELECTROPRODUCTION OF 

HYPERNUCLEI

IN DISTORTED WAVE IMPULSE APPROXIMATION

𝑒 + 𝐴 → 𝑒′ +𝐻 + 𝐾+

 Studying spectra in electroproduction of hypernuclei provides important information about 

details of the effective ΛN interaction, mainly on its spin-dependent part. A reasonable 

analysis of experimental data, however, require a good knowledge of the reaction 

mechanism. Here we will discuss effects from various choices of the proton momentum in 

the optimal factorization approximation and a kaon distortion. Assuming non-zero 

momentum of proton is important extension of the DWIA calculations.
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KINEMATICS
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Input: 𝐸 𝑒 , 𝐸 𝑒 , , 𝜃𝑒 , 𝜙𝐾, 𝜃𝐾

Calculated: 𝑃𝛾, 𝑃𝐾, 𝑃𝐻…
Lab reference frame: 𝑃𝐴=0 



MOMENTUM AND ENERGY CONSERVATION 

IN PWIA
 𝛾𝜈 𝑃𝛾 + 𝐴 𝑃𝐴 → 𝐻 𝑃𝐻 + 𝐾+ 𝑃𝐾

 3-momentum conservation in each vertex

𝑃𝛾 + Ԧ𝑝𝑝 = 𝑃𝐾 + Ԧ𝑝Λ, 𝑃𝐴 = Ԧ𝑝𝑐 + Ԧ𝑝𝑝, 

Ԧ𝑝𝑐 + Ԧ𝑝Λ = 𝑃𝐻⇒ 𝑃𝐴 + 𝑃𝛾 = 𝑃𝐻 + 𝑃K

 Energy conservation

E𝐴 = 𝑀𝐶
2 + (𝑃𝐴 − Ԧ𝑝𝑝 )

2 + 𝑚𝑝
2 + Ԧ𝑝𝑝

2 + 𝜖𝑝

E𝐻 = 𝑀𝐶
2 + (𝑃𝐴 − Ԧ𝑝𝑝 )

2 + 𝑚Λ
2 + Ԧ𝑝Λ

2 + 𝜖Λ

 In the frozen-proton approximation ( Ԧ𝑝𝑝= 0) and Lab 

frame: 𝑀𝐴 = 𝑀𝐶 +𝑚𝑝 + 휀𝑝.
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DETERMINATION OF PK

 Energy conservation in the elementary (two-body) system

E𝛾 + 𝑚𝑝
2 + Ԧ𝑝𝑝

2 = 𝑚𝐾
2 + 𝑃𝐾

2 + 𝑚Λ
2 + (𝑃𝛾 − 𝑃𝐾 + Ԧ𝑝𝑝)

2

 Energy conservation in the many-body system (Lab)

E𝛾 +𝑀𝐴 = 𝑚𝐾
2 + 𝑃𝐾

2 + 𝑀H
2 + (𝑃𝛾 − 𝑃𝐾)

2

 “Optimum on-shell” proton momentum, for which equations would be solvable with a given 

momentum transfer Ԧ𝛥 = 𝑃𝛾 − 𝑃𝐾

E𝛾 − 𝑚𝐾
2 + 𝑃𝐾

2 = 𝑚Λ
2 + Ԧ𝛥 + Ԧ𝑝𝑝

2
− 𝑚𝑝

2 + Ԧ𝑝𝑝
2 = 𝑀H

2 + Ԧ𝛥 2 −𝑀𝐴

 A solution was denoted as Ԧ𝑝𝑜𝑝𝑡 and use it in presented calculations.
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 In optimal factorization approximation the elementary amplitude is calculated at an 

effective proton momentum Ԧ𝑝𝑒𝑓𝑓 .

 Effects from various values of Ԧ𝑝𝑒𝑓𝑓 (Fermi motion effects) will be demonstrated on 

the angle and energy dependent cross sections calculated in the OFA. Three cases are 

considered in further calculations:

 1) frozen p: Ԧ𝑝𝑒𝑓𝑓 = 0 ⇒ Ԧ𝑝Λ = Δ

 2) frozen Λ: Ԧ𝑝𝑒𝑓𝑓 = − Δ ⇒ Ԧ𝑝Λ = 0

 3) optimum: Ԧ𝑝𝑒𝑓𝑓= Ԧ𝑝𝑜𝑝𝑡

 Δ= 𝑃𝛾- 𝑃𝐾
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ELEMENTARY AMPLITUDE

 The invariant amplitude

𝑀 ∙ 휀 = 𝑢Λ𝛾5 

𝑗=1
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𝑀𝑗 ∙ 휀𝐴𝑗 𝑢𝑝 = 𝑋Λ
+(Ԧ𝐽 ∙ Ԧ𝜖)𝑋𝑝

 The elementary amplitude in the spherical coordinates

Ԧ𝐽 ∙ Ԧ𝜖 = 

𝜆=∓1,0

(−1)−𝜆𝐽𝜆
(1)
𝜖−𝜆
(1)

 The spherical components of 𝐽(1)can be defined via 12 spherical amplitudes 𝐹𝜆,𝜉
𝑆 with S = 0, 1 

and λ, ξ = ±1, 0

𝐽𝜆
(1)

= 

𝜆,𝜉,𝑆

𝐹𝜆,𝜉
𝑆 𝜎𝜉

𝑆 7



MANY-PARTICLE MATRIX ELEMENT

 Matrix element with the production amplitude

𝑀𝜇 = 2𝜋 3𝛿 3 (𝑃𝐴 + 𝑃𝛾 − 𝑃𝐾 − 𝑃𝐻)𝑇𝜇

 The laboratory amplitude in the optimal factorization :

 𝒯λ
(1)

= σ𝐽𝑚
1

[𝐽𝐻]
𝐶𝐽𝐴𝑀𝐴𝐽𝑚
𝐽𝐻𝑀𝐻 𝐴𝐽𝑚

λ

 Where the reduced amplitudes are

𝐴𝐽𝑚
λ =

1

[𝐽]
σ𝑆η𝐹λη

𝑆 σ𝐿𝑀 𝐶𝐿𝑀𝑆η
𝐽𝑚 σα′α𝑅α′α

𝐿𝑀𝐻
𝑙′𝑗′𝑙𝑗
𝐿𝑆𝐽

(Ψ𝐻 [𝑏α′
+ ⊗𝑎α]

𝐽 Ψ𝐴)

α=[nlj]
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 The kaon distortion is included in the radial integral:

𝑅𝑎′𝑎
𝐿𝑀 0=

∞
ⅆξ ξ2𝑅𝑎′

Λ ξ ∗ 𝐹𝐿𝑀 Δ𝐵ξ 𝑅𝑎
p
ξ

 With 𝐹𝐿𝑀 Δ𝐵ξ determined from

𝑒(𝑖𝐵Δξ)Χ𝐾
∗ 𝑝𝐾𝐻 , 𝐵Ԧξ = σ𝐿𝑀𝐹𝐿𝑀 Δ𝐵ξ 𝑌𝐿𝑀(ξ)

 Where Χ𝐾
∗ is the kaon distortion calculated in eikonal approximation assuming the 

first-order optical approximation.
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 The unpolarized triple differential cross section in electroproduction of 

hypernuclei in the laboratory frame

𝑑3σ

𝑑𝐸′𝑒𝑑Ω′𝑒𝑑Ω𝐾
= Γ[

𝑑σΤ

𝑑Ω𝐾
+ ε𝐿

𝑑σ𝐿

𝑑Ω𝐾
+ ε

𝑑σΤΤ

𝑑Ω𝐾
+ ε𝐿(ε + 1)

𝑑σΤ𝐿

𝑑Ω𝐾
]

 The transverse and longitudinal cross sections

ⅆσΤ
ⅆΩ𝐾

=
β

2(2𝐽𝐴 + 1)


𝐽𝑚

1

2𝐽 + 1
( 𝐴𝐽𝑚

+1 2
+ 𝐴𝐽𝑚

−1 2
)

ⅆσ𝐿
ⅆΩ𝐾

=
β

2𝐽𝐴 + 1


𝐽𝑚

1

2𝐽 + 1
𝐴𝐽𝑚
0 2
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CROSS SECTIONS FOR HYPERNUCLEUS

ELECTROPRODUCTION IN THE PWIA  AND DWIA
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Reaction 𝐶12 𝑒, 𝑒′𝐾+ 𝐵Λ
12 𝐸𝑖 =3.77 𝐸𝑓′ =1.56 GeV  𝜃𝑒 = 6  Φ𝐾 = 180

Calculations are with elementary amplitude BS3. 

The nuclear structure is described in shell-model calculations by John Millener. 





ENERGY DEPENDENCE OF THE CROSS SECTION
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Reaction 𝐶12 𝑒, 𝑒′𝐾+ 𝐵Λ
12 Q2 = 0.02 GeV2, ε = 0.7,    𝜃𝐾𝑒 = 6



14



SUMMARY AND OUTLOOK. 

 A general two-component form of the amplitude in electroproduction of kaons on the 

nucleon was constructed. This new form, which contains a dependence on the proton 

momentum, allows extend our calculations beyond the frozen-proton approximation and 

shows effects from a proton Fermi motion in the target nucleus. The comparison of PWIA 

and DWIA calculations demonstrates the 30-40% different magnitude of the cross section. 

The DWIA and the optimum on-shell approximation are preferable for the further 

calculations as the results are close to the experimental cross section.

 I will continue studying effects on the cross sections from the kinematics, kaon distortion, 

various wave functions and elementary amplitudes.
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THANK YOU FOR ATTENTION
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