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*

The (e, ¢’K) cross section

*

The (e, ¢’p) cross section and the nuclear spectral function

* Generalization of the spectral function formalism to describe the (e, ¢’K)
process

* The A self-energy and spectral function
* Outlook
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The A(e,e’K*)yA cross section

* Amplitude of the process
e(k) + A(pa) = € (k') + K" (px) +v A(pya)

* Cross section (i,j = 1, 2, 3)

do «x L,]WU
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* The lepton tensor L, , fully specified by the measured electron
kinematical variables

n+ 0 —+ens

L = O T]— 0 s
—+en: 0 €L
-1
1 la® . 56, 0’
n+=§(lie),e=(1—2§tan5 ’EL__EE

* Target response tensor

W = G X, (@)liy (g + pi = py)
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* Building blocks

A
iy =14y , Ji= D /0, Ify=IK .y A)
n=1

* The current j' drives the elementary process

e+N—->Y+K*

* Impulse approximation: at momentum transfer |q|~! < d , d being the
average nucleon-nucleon separation distance in the target nucleus, the
beam particles interact with individual (bound, moving) nucleons
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The (e, €’p) cross section, as an example

* Transition amplitude of the process

e+tA—>e+p+(A-1),
* Factorization ansatz
(A =1 p ljaht) = > My(l) (pli*Iky
k

My (k) = { (A = Dl @ (k] }|A)

* Cross section
doy o« dO-NP(pm’ En)

pm:|P“l| s Em=a)—Tp , T :1[p2+m2_m
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Enter the spectral function

* Definition
P(,E) = ) IMy()PS(E + Ex = Ex-1)

n

probability of removing a nucleon of momentum k from the target
nucleus, leaving the residual nucleus with excitation energy £

* Relation to the nucleon self-enrgy (consider uniform matter, for
simplicity)

1 ImXZ(k, E)

7 [E — k2/2M — ReX(k, E))? + [ImX(k, E))?

Pk, E) =
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Mean field vs correlation effects

* Consider uniform nuclear matter, as an example

P(k,E) = Pyr(k, E) + Pcor(k, E)

* Mean field, or “pole” contribution

1 Zlf ImX(k, )
7 [E - &)* + [Z; Im 2(Kk, &)]?

Pyr(k,E) =

k2
6= 3-+ReX(ta) . Z = |(-KlaO)f
n

The spectroscopic factor Z; yields the normalization of the

single-particle state

* The correlation contribution is a broad background, extending to large
values of momentum and energy
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Uniform nuclear matter at equilibrium density
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Local Density Approximation (LDA)

P(k’ E) = PMF(k, E) + Pcorr(k, E)

* Pyp(k,E) — from (e, ¢’p) data
* Peow(k, E) — from uniform nuclear matter calculations at different
densities

Pur(kE) = Y Zolow(Q)F FuE - E,)

Peor(k, E) = f &1 pa(r) PMM(k, E; p = pa(r))

* Pure mean field

Zy—>1 , FiE-E,) > 6E-E) , Peorlk,E) >0

Omar Benhar (INEN, Roma) Hypernuclear Workshop May 29, 2014 10/20



208 pp(e, e’p) missing energy spectra (NIKHEF data)
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Spectroscopic factors of 2°® Pb (NIKHEF data)

1.2 T T T T T

10+ —

0.8 -

0.6 -

0.4 —

0.2 —

-60 -40 -20 0

Omar Benhar (INEN, Roma) Hypernuclear Workshop May 29, 2014 12/20



Back to (e, ¢'K)

* The approach underlying the spectral function formalism can be
generalized to describe the nuclear (e, ¢’ K) cross section

* Introducing some additional simplifying assumptions one gets the simple
expression

doy o« f d*pdE doy P(p, E)Py(Ipy + pl, En + E)
Pn=4qQ—-Px , E,=w-Tk

x The spectral function Py(py, Ey) describes the probability of adding the
hyperon Y , with momentum py and energy Ey to a nucleus

Omar Benhar (INEN, Roma) Hypernuclear Workshop May 29, 2014 13/20



A spectral function in nuclear matter

* In the absence of AN interactions

PA(py,Ey) = 6[Ex — ea(py)]

* The general expression in terms of the self-energy still holds

ImZA (k, E)

1
Pk B = T “Rezn (b E)P + ImEa(k, E)P

* Calculation of the self-energy X4 in oxygen and of the full spectral
function in nuclear matter are available
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A self-energy in oxygen

* The A self-energy in nuclei has been studied by Hjorth-Jensen et al, NPA
605, 458 (1996), and Vidaiia et al, NPA 644, 201 (1998).

* Ground state expectation value of the A self-energy in '’O . Solid lines:
Julich potential; dashed lines: Nijmegen potential
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A binding energies in 2°8Pb

* Courtesy I. Vidafia. Columns correspond to different YN potentials
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A spectral function in nuclear matter

* The A spectral function in nuclear matter has been computed by
Robertson and Dickhoff, PRC 70, 044301 (2004), using the Nijmegen
soft core (NSC89) YN potential
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Compare N and A spectral functions in nuclear matter
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Correlation strength in the A spectral function

* The approach underlying the spectral function formalism can be
generalized to describe the nuclear (e, ¢’ K) cross section
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* Extracting information on the hyperon-nucleon interaction from (e, ¢’K)
data requires a state-of-the-art treatment of nucleon-nucleon sector

x Electron scattering studies have provided ample evidence that the
formalism based on spectral functions is best suited to capture the
prominent features of nuclear dynamics: from single nucleon properties
to the effects of short- and long-range correlations

* The extension of the spectral function approach to the calculation of the
(e, ¢'K) cross section, while being non trivial, appears to be feasible

* Thanks to the stunning progress of powerful and accurate many-body
approaches, such as the G-matrix based techniques, the self consistent
Green’s function scheme and the Monte Carlo method, the input required
to develop realistic models of the hyperon spectral functions may soon
be available.
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