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A dilepton spectrometer for the study of
giant resonances in nuclei

- Electric monopole (EO) transitions can occur whenever there is a change in
the mean square value of the nuclear radius < r? >

- They can thus occur as a result of the volume oscillations (the breathing
mode) as well as of the volume conserving changes in the effective radii (the
shape changing mode)

« Both modes are of primary interest: the former provides information on the
fundamental property of nuclear matter: the nuclear compressibility; the
latter may shed light both on the dynamics of the nucleus-nucleus interaction
and on the spectroscopic properties of nuclei

* Information is scarce on either of the two modes

* Present low energy (<1 MeV) nuclear structure to high energy resonances
(>20 MeV)
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0+ States and EO transitions
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Electric monopole (EO) transitions
2Ge ?’Se nuclei - Commissioned October 2018
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Gamma-rays — or the lack of
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Pair detection, simulation
Low energy EO — move to higher E
E.....<6 MeV
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Internal Pair Formation Basics
Born Approximation |
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Figure 1: Calculated angular correlations of e” e~ pairs obtained from IPC: & soyeEioa (“;“/ “geometry)
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different multipolarities and a transition energy of E, =17 MeV.
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Detector Progress — Magnetic transporter

PMT
/| Lightguide
( 2\ g
Plastic -
scintillator Typically need 10-15cm plastic

ible E-dE configurations

D. Kenfack-Jiotsa, iThemba / Stellenbosch University
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PEPSI at iThemba LABS

A. Buda, Nucl. Instr. Method. A335 (1993) 479
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*  First experiment : 12C via (p,p’) reaction to populate 1+ state at 15.1 MeV

Y Also third excited 0* at 17.8 MeV achievable (a,a’) — measure this at 0°
0~8.2mb
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Fig. 2. Dilepton yield measurements for #Si populated at 50 MeV exci-
tation energy. The four plots correspond to dilepton opening angle
ranges of 0°—60°; 60°-100°; 20°-140°and 140°-180°. The dashed
line represents the concurrently mezsured photon yield multiplied by
the internal pair conversion coefficient.
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Yig. 3. Top: Dilepton-excess yield measurements for *Si populated at 50
MeV. Bottom: Cascade analysis of the maximum monopole strength
(shaded area) consistent with one standard deviation from the best
fit value (solid line).
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Fig. 4. Dilepton yield measurements for **Ni populated at 70 MeV exci-
tation energy. The four plots correspond to dilepton opening angles
of 0°-80°; 40°—120°; 60°-140°and 100°~180°. The shaded region
represents the concurrently measured photon yield multiplied by the
internal pair conversion coefficient.
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Fig. 5. Dilepton-excess opening angle distribution measurements for *“Ni
populated at 70 MeV (filled dots). Open symbols, show the multipole
decomposition of the measured yields assuming that both monopole
(open dots) and dipole (open squares) components are present
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Going forward...

» Simulations
» Magnets
» Detector instrumentation — upgrades

> Measurements °8Ni, 4°Ca even 160

> 208Ph measurements at |Themba LABS

change to

= gas filled

= operates at low pressure (~20 mbar)
= no wires, HV plane at the top/bottom
= electrons drift vertically = TPC-like

= position determined from cathode pads ALBA (23 |arge Volume
See R. Neveling (next talk) LaBr;:Ce)
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In summary...

» Need for understanding the nature of modes of nuclear L=0
states; breathing or shape changing / coexistence

» Electron spectroscopy theme ongoing at iThemba LABS,
capacity development, research enhancements, look out !

» Study of 0* states through internal-pair formation

» Dilepton spectrometer PEPSI to be commissioned with
K600 spectrometer in 0° mode

This work is based on the research supported wholly by National Research Foundation of South Africa (118645, 90741) and iThemba LABS .
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