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Moftivation of studying electroproduction of
hypernuclel
INn Distorted Wave Impulse Approximation

Exn+e+A—-e'+H+K?

o The electro-magnetic part of the intferaction is well known which simplifies
description of the process.

o The impulse approximation is well justified.

o The DWIA formalism is developed and proved to work well. (F.Garibaldi et al,
Phys Rev. C 99, 0564309(2019))

o We obtain information on the spin-dependent part of the hyperon-nucleon
Inferaction.

o One can achieve a better experimental resolution than in hadron-induced
reactions. 2



Kinemartics

Input: Ee), E(e), 0., px, Ox Lab reference frame: P,=0
Calculated: B, Pk, Py... "
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Momentum and Energy

conservation in A
oy, (B,) + A(Py) - H(Py) + K*(Pg)

o 3-momentum conservation in each vertex
P, +Pp = Px + Ba. Py = P + By
B +Pp = Py= Py + P, = Py + Py

o Energy conservation

EA=\/M§+(PA—ﬁp)2+\/m§+ﬁ§+ep

By = M2+ By =By )+ [md+ 5} + e

In the frozen-proton approximation (p,= 0)
and Lab frame: M, = M + m,, + ¢, (has been
used till now In our calculations). 4



o Energy conservation in the elementary vertex (the on-energy shell amplitude)

By + Jm3 + 53 = B + [k + 5
:>E)/+EA =EK+EH+Ep —€EA

p—€x~ 10 MeV , E, + E4 = 10 GeV

o To keep the many-body energy conserved E, + E, = Ex + Ey =>

€

E, + \/mg +p; =Ex+ \/m,z\ + ps + €5 —€, => off-energy-shell amplitude.

o How to deal with the off-shell amplitude?



Determination of P,

o Energy conservation in the elementary (two-body) system

Ey, +my :\/m12<+ﬁ1%+\/m/2\+(ﬁy_ﬁl<)2

o Energy conservation in the many-body system (Lab)

E, + M, =\/m,2<+ﬁ,§+\/M§I+(ﬁy—ﬁK)2

o "Opfimum on-shell” proton momentum, for which equations would be

-

solvable with a given momentum transfer 4 = B, — Py

- - S 2 S -
Ey—\/m?{+P,% =\/m,2\+(A + Pp) —\/m§+p,§=\/M§+A2—MA




Many-particle matrix element

o Maftrix element with the production amplitude
M, = 2m)38®) (P, + B, — Py — Py)T,

o The laboratory amplitude in the optimum factorization and in PWIA using the
3-momentum conservation:

T, = Zj d3&d3¢&, ... d3¢E,4_,Df (.,31 ...éA_z,é) Ju (ﬁK, ﬁy»ﬁeff)¢,4 (51 ---SgA—z,sg) « o A-TiyA%

o Due to the gauge invariance of the amplitudes
ey, = Te = Z(_l)_AT/l(l)Egl)l)



Elementary amplitude

o The invariant amplitude

6
M-ezuA)/S(zMj-eAj)up =XX(f-€)XP

j=1
o The elementary amplitude in the spherical coordinates
- z (1) DD
A=F1,0

o The spherical components of JMWcan be defined via 12 spherical
amplitudes Fyz withS=0, T and A, § =1, 0

J© = Z Fieof



Cross sections for hypernucleus electroproduction in the
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Ei =3.77 Ef, =1.56 GeV
B,= 0 0o = 6.1, By = 1.9

Energy conservation:
2-body P, =1.93 E;,= 1.99
many-body P, =1.96 E;,=2.02

Energy conservation violation:
2-body 1.63% 0.24 %
many-body -1.20% -0.18 %
Ey =2 GeV, E;,; =13 GeV



Summary and outlook.

o We have derived the two-component formalism for the elementary
amplitude with a non-zero proton momentum (the CGNL-like and spherical
amplitudes).

o Now we are checking and modifying the formalism to calculate in |IA the
radial integrals with harmonic-oscillator and Woods-Saxon single-parficle
wave functions, cross sections for hypernucleus electroproduction and
extending the formalism for the s-d shell nuclel.

o Numeric calculations of the cross sections for hypernucleus electroproduction
In the DWIA will be performed soon.

o We plan to continue studying a dependence of the cross sections on the
kinematics, input parameters (kaon distortion), various values of the target-
profon momentum, wave functions and elementary amplitudes. 10
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