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The Electric Dipole Response of the Nucleus

Low-lying dipole states traditionally referred to as the Pygmy Dipole Resonance (PDR)

Certain aspects of the PDR well-established:
- it is present in nuclei with neutron excess (experimentally and theoretically)
- strength is a few % of EWSR
- located below the GDR, at and below neutron emission energy threshold
- the PDR has a known isospin mixed nature

For a microscopic understanding of they low-lying E1 strength
we need a clear picture of the systematics of the PDR Z=54

Need data, different probes, different nuclei
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The stable & even N=82 isotones

144Sm 142Nd 140Ce 138Ba 136Xe
=62 Z=60 Z=58 Z=56 Z=54

N/Z=1.32 N/Z=1.37 N/Z=1.41 N/Z=1.46 N/Z=1.52
S5 =10.519 S =9.829 S =9.200 S =8.612 S =8.087 MeV
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Particle probes

Suggest structural split of PDR

2 components:
- at low E (6-7 MeV) states excited with both (X,X'y) and (y,y’) (X= «a, 'O)
- at higher E states excited through (y,y’) only

Theoretical analysis suggests low-lying part due to neutrons contribution at nuclear surface

Experimental results shown represent resolved strength only
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The stable & even N=82 isotones
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The experimen:
The K600 & BaGel
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The experiment: some numbers

Target thickness 4.63 mg/cm?
Target isotopic enrichment 98.26 %
Beam 120.6 MeV alpha beam
Average beam intensity 0.7 pnA
SSC RF frequency 11.378 MHz
K600 central angle 0 degrees
K600 solid angle 3.831 msr
Average trigger rate 800 Hz
Excitation energy resolution 87 keV (FWHM) for 3.31 mg/cm? **Mg target
Excitation energy range accessed 4.3 — 15 MeV
Number of HPGe detectors 12
Gamma energy resolution 20 keV (FWHM)
Total photopeak efficiency 0.504 % @ 1.368 keV (tgt-HPGe distance = 18.5cm, no addback)
Average HPGe rates 3-5 kHz
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The experiment: a-y correlated events
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Experimental results
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Raw counts:

Experimental results

Coincidence timing: real-to-random ~ 10 to 3

(with contaminants and random background)
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Differential cross section: g.s. decay
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“2Nd : comparison to (y,y’)
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““Nd : comparison to (y,y’)
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“°Nd: comparison to theory
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“°Nd & ***Sm: comparison to theory

N
\V]

144Sm(06,0£"\/)
iThemba LABS

142Nd(a,au,y)
iThemba LABS

—
ol

—_
[9)]

o
w
o
wn

do/dQ (mb sr'/ 100 keV)
do/dQ (mb sr'/ 100 keV)

8 8

5 RQTBA . RQTBA
o] o)
E E
g 4 a4
S kS,

© ©
S o, © 2

4000 6000 8000 10000 1200C 4 6 8 10 12
E, (keV) E, (keV)
science & innovation ‘ Q
Department Advancing knowledge. Transforming lives. Inspiring a nation. %RF

Science and Innovation
REPUBLIC OF SOUTH AFRICA National Research | Laboratory for Accelerator
Foundation | Based Sciences




*Sm to ***Ba : comparison to (y,y’)
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1445 m to 28B3 : comparison to (y,y’)
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Conclusion

There is now (a,ay)/isoscaler probe data for ***Ba *°Ce, ***Nd, ***Sm

Strong excitation below 6 MeV, in agreemant with established trend, & suppressed above 6 MeV

What are trends for total cross section, fragmentation along N=827?

““Sm response in agreement with theoretical predictions: need to investigate closer the case for ***Nd

Collaboration
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Still to come...
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2Nd to ***Ba : resolved strength only
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