The structure of the Pygmy Dipole Resonance
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E1l strength distribution in atomic nuclei

Strength

Energy/MeV

 Two Phonon Excitation: E, ~ 3 MeV, B(E1) ~ 102 W.u.
» Glant Dipole Resonance: E, ~ 18 MeV, B(E1) ~ 10 W.u.
 Pygmy Dipole Resonance



Measuring the below and above the threshold

Strength

‘ Photon scattering (y,y") ‘
/'|

>
N

I _—_ﬁ'l )

?
5 10 _ 15 _ = = ~Energy/MeV
/ — -

‘ Photodissociation (y,n), (v,p), ... ‘

Real and virtual photons can be used for excitation!
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The Pygmy Dipole Resonance
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Systematics of the Pygmy Dipole Resonance
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e Concentration
around 5-7 MeV

e Strong fragmentation

« Summed strength:
Scaling with N/Z ?
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Summed E1 strength below S, : Theory vs Exp.
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Charge Transition Density of PDR in 298Pb

0.06
neutrons 208pp
0.04 - -—---—- protons /
0.02 /
/_\/\I". I|"
- [T —
0.00 +——< \ £ sees —
-".\ 'III II.l
-0.02 4 | ,/
y
‘ | transition density for
-0.04 __-"f E1 response
E = 6-7 MeV
-0.06 - /]
]
i
-0.08 \ \j’f
-0.10 I I : ' | |
0 2 4 6 8 10 12 14
r [fm]

ETFFS: V. Tselyaev et al., Phys. Rev. C 75 (2007) 014315



B(E1) [10° €% fm’keV'!]

E1l strength folded with Lorentzian (F. lachello)
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Electromagnetic probes
alone are not sufficient !




o particles vs. photons (macroscopic)

(’Y,’Y’) (OC,OL’)*
| ' (strong interaction)
- ELML(E2)
Multipolarity \| (ground state decay EO.EL,EZ,ES

width T) (angular distribution)
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* 130 MeV und forward angle

= New structure information
= Important for spectroscopy of PDR



Investigating the PDR with a-particles

Big Bite Spectrometer (BBS)
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E,~130 MeV
European Supernova Detector

Ge detector array for measurement of a-particles,
for detection of y decays AE ~100-200 keV

This setup combines isospin selectivity and skin sensitivity of
a-particles with spin selectivity and energy resolution of y-spectroscopy

D. Savran et al, NIM A 564 (2006) 267
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2D-energy matrix: (a,a'y) on *9Ce

D. Savran et al., Phys. Rev. Lett. 97 (2006) 172502
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(a,0'y) on 4°Ce - selectivity

coincidence excitation decay
matrix spectrum spectrum
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El strength in 4°Ce: (o,0'y) VvS. (y,7")
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Splitting of the PDR

Strength distribution folded with Lorentzian, I' = 300 keV
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El strength in 38Ba: (o,a'y) vs. (v,7")
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E1 strength above threshold in exotic nucleil:
Coulomb dissociation in inverse kinematics@FRS/LAND
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(Results on 18200 from NSCL/MSU:
E. Tryggestad et al., PRC 67 (2003) 064309)



The Photon Tagger NEPTUN at S-DALINAC

= —a energy of each
K photon known

* Direct measurement
of photoresponse:

(v,¥'), (v,n), (v,p), (v,)

 High energy resolution
(AE < 25 keV)

e First experiments in 2007
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