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OUTLINE

* Motivation

* The (e,e' K™T) cross-section

> Factorisation of the nuclear cross section

> Nuclear and hypernuclear dynamics

> Kinematics: combining (e, ¢'p) and (e, e’ K1)

% From nuclei to nuclear matter: the case for 2°®Pb
* Outlook




MOTIVATION

* Understanding hypernuclear dynamics is a fundamental problem, with
important implications for the understanding of neutron star properties

* Experimental studies of the (e, ¢’ K ) reaction have the potential to
provide information needed to improve the available models of
interactions involving nucleons and hyperons, and shed light on issues
such as isospin dependence and the role of thee-body forces

* The dynamical information extracted from experimental data must be
as model independent as posible

* Besides being a good proxy for uniform nuclear matter, >°*Pb has been
extensively studied by high resolution (e, ¢'p) experiments. The data
obtained from these analyses provide the baseline for the determination
of hypernuclear properties



THE A(e, ¢’ KT), A CROSS SECTION

* Consider the process

e(k) + A(pa) = €' (K') + K" (px) + aA(pya)
* Cross section (7,5 =1, 2, 3)

do oc LijW"

> The lepton tensor L;; is fully specified by the measured electron
kinematical variables

> The tensor W¥ , describing the nuclear response, contains all the
information on both nuclear and hypernuclear dynamics



* Lepton tensor
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* Target response tensor
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* Building blocks
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> According to the paradigm of nuclear many-body theory, nuclear
and hypernuclear states should be obtained from dynamical

models based on phenomenological microscopic Hamiltonians
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IMPULSE APPROXIMATION AND FACTORIZATION

* At momentum transfer |q| ™! < d, d ~ 1.5 fm being the average
nucleon-nucleon separation distance in the target nucleus, the beam
particles interact with individual (bound, moving) nucleons
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* Within this scheme, the nuclear transition amplitude factorizes into the
amplitude of the elementary process, a purely nuclear amplitude and a
hypernuclear amplitude

x The effects of Final State Interactions (FSI) between the outgoing K
and the recoiling system can be included using an optical potential



NUCLEAR TRANSITION AMPLITUDE

* Isolate the building blocks
Moosr = (K™, 4 A|T4]0)
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* Relation to the spectral function formalism of (e, ¢'p)

Px (b By) = 32 HH(A = DrlO}3(Ey — B + Eo)

> probability of removing a proton of momentum k, from the
nuclear target, leaving the residual nucleus with energy £,

PA kA,EA Z| A| ‘AA>| (S(EA—E +E0)
> probability of removing the A, carrying momentum k4 from the

final state hypernucleus, leaving the residual nucleus with energy
Ea



KINEMATICS

* Conservation of energy requires

w4+ Ma=FEg+ +E,a

w = Ee — Ee/
* From the nuclear and hypernuclear amplitudes

MAIEP—‘rEn s EAA:EA+EH

* Missing energy, determined from measured kinematical quantities

Emiss =W — EK+

w = EK+ + EA - Ep - Emiss = EA_EP
x Compare to (e, €'p)

plee’s _

7Ep = EA = Emiss +

E I(lf;:; »)
* (e, €'p) data provide the baseline for the model independent
determination of the A binding energy Bx = —Ex
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SPECTROSCOPIC FACTORS OF 2%8Ph

% Data: Quint, PhD Thesis (1988), Lapikas, NPA 553, 297 (1993).
Theory: OB et al PRC 41, R24 (1990)

NIKHEF data: 2°®Pb(e,e'p)?°"Tl
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* Deeply bound hole states largely unaffected by finite size and shell
effects



MORE 2®Pb(e, ¢'p)?*"T1 DATA

|EgHF- <Eg>|MeV] =

F T T T
208Pb

4 2p s Igmm
3 + 2d

+ o 232

¢
2
® 3512
1
hyy ¢

0 | L 1 ) I
-30 -25 -20 -15 -10 -5

EgHF [MeV] =

* Deviation of the observed binding
energies from mean field predictions
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* Widths of hole states
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MODELING THE (e, ¢/ K ) CROSS SECTION

% The A binding energy in hypernuclei can be obtained in a largely model
independent fashion combining (e, ¢’ K ) and (e, €’p) data

% Exploiting the experimental information to improve the models of
hyperon-nucleon dynamics will require the extension of the theoretical
framework developed to describe (e, ¢'p) data

* The main elements entering the calculation of the nuclear (e,e’ K™)
cross section are

> The cross section of the elementary processe +p — ¢ + A + KT
on a bound, moving nucleon (see talk of P. BydZovsky)

> A fully realistic—that is, beyond the mean-field
approximation—description of the hypernuclear amplitudes
determining the A spectral function



COMPARISON BETWEEN (e, ¢'p) AND (e, e/ KT)
% Within the independent particle model

P (kp, Eyp) Z(s . Py(ky,Ey) Z(sEyer

> P (kp, Ep) from (e, ¢'p) > Py(ka, Ey), L Vidafia, NPA 958,

48 (2017)
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> Accurate theoretical calculations ottt E
available for light nuclei and
infinite matter
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SUMMARY & OUTLOOK

* The available (e, ¢'p) data provide the baseline for a model independent
determination of the A binding energy with the (e, ¢’ K ") in hypernuclei

* The information obtained from these studies has the potential to greatly
help the development of accurate models of hyperon-nucleon
interactions

* Achieving this goal requires a theoretical framework for the description
of the (e, e’ K™) cross section, including effects beyond the mean-field
approximation. The development of such a framework within nuclear
many-body theory does not involve severe conceptual problems, and
the results of early efforts in this direction are quite promising, see talks
of D. Lonardoni and I. Vidafia.

* The astrophysical implications of hypernuclear dynamics can be best
addresses using heavy and neutron rich targets, providing a good proxy
for neutron star matter. The nucleus of 2°® Pb, which has been
extensively studied by (e, e'p) experiments, appears to be the obvious
choice.
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THE ELEMENTARY (e, ¢'k™) PROCESS

e+p—oe +A+ KT

/\(PA)

p(pp)

b}

a)

N \K“(p,a APa)

M
,J\s\f(q-) p(p p)

> B, S and M denote a nonstrange baryon, a strange baryon and a strange
meson, respectively



* Elementary cross section

Scattering (Leptonic) Plane

dO’N

dE.dQer dQ g

Reaction (Hadronic) Plane
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WH Z jlﬂL v
example: s-channel

j* = a(pa)l(px)Sk(pp + T (q)u(pp)
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* Hadron tensor [J. Adam et al, Czech. J. Phys 42, 1167 (1992),
D. Skoupil and P. Bydzovsky, PRC 93, 025204 (2016), 97, 025202
(2018) ]

j/l« = Z AZ(S7t,’LL)ﬁ(pA)M,MU(pp)
s=(a+pp)* » s=(a-pK)* . s=(q-pa)’°
1
My =357 [4.7"]
My =5 [¢°py — (a-pp)d"] .+ M =1 [¢°Ph — (¢-pa)a"]
Myt =5 [v"(q-pp) —dpp] MY =75 [7"(q- pr) — dp}]

1
ME = 5 [dg" = "¢’

% The model parameters involved in the definition of the current,
e.g. the strong coupling constants, are obtained from a fit to the
existing data



FROM NUCLEI TO NUCLEAR MATTER AND NEUTRON STARS
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