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Giant Dipole Resonance (GDR)

1937: Atomumwandlungen durch y-Strahlen.
Von W. Bothe und W. Gentner in Heidelberg.
Z. Phys. 106 (1937) 236

6. Diskussion.
Die beschriebenen Versuche zeigen, daB bei gewissen HElementen der
ProzeB (v, n) verhiltnismabig leicht heobachtbar ist.

... Vielleicht spielen hierbei Resonanz-
verhiltnigse eine entscheidende Rolle, ...



Giant Dipole Resonance (GDR)

1937: Atomumwandlungen durch y-Strahlen.
Von W. Bothe und W. Gentner in Heidelberg.
Z. Phys. 106 (1937) 236
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By A. MIGDAL .
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Pygmy Dipole Resonance (PDR)

1961.:

NEUTRON CAPTURE GAMMA RAYS!

By G. A. BARTHOLOMEW
Neutron Physics Branch, Chalk River Project, Atomic Energy of Canada Limited

Ann. Rev. Nucl. Sci. 11 (1961) 259
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Pygmy Dipole Resonance (PDR)

1961: NEUTRON CAPTURE GAMMA RAYS!

By G. A. BARTHOLOMEW
Neutron Physics Branch, Chalk River Project, Atomic Energy of Canada Limited

Ann. Rev. Nucl. Sci. 11 (1961) 259

1969: Effect of the pigmy resonance on the calculations of the neatron
capture ¢ross section

1. 8, Brzosko, E. GIERLIE, A. SoLTAMN, JR., AND £. WILHELM

Can. J. Phys. 47 (1969) 2850

1971: Three-Fluid Hydrodynamical Model of Nuclei*

R. Mohan, M. Danos, and L.C. Biedenharn,
Phys. Rev. C 3 (1971) 1740

Z protons, Z neutrons, N-Z excess neutrons




Pygmy Dipole Resonance (PDR)

2002:

Concentration of electric dipole strength below the neutron

B(E1){[10°e*fm"]
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A. Zilges, S. Volz, M. Babilon, T. Hartmann, P. Mohr, K. Vogt

Phys. Lett. B 542 (2002) 43
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From giants to pygmies
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Pygmy Dipole Resonances in atomic nuclei

* Tools to investigate the PDR

e Selected results:
- PDR and neutron excess
- Splitting of the PDR

* Open questions

* Theoretical interpretation:
Next talk (Nadia Tsoneva)
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Tools: Photon scattering (y,y)

*E,=0-10 MeV (below S,)
 very selective excitation

e energy resolution AE=5-10 keV
e complex sensitivity limit

* only stable nuclei can be studied
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Tools: Coulomb excitation/dissociation

 E_, =few 100 MeV/A

e selective excitation

* energy resolution AE=30-500 keV

* radioactive nuclei can be studied
in inverse kinematics
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P. Adrich et al., PRL 95 (2005) 132501



Tools: Hadronic interaction

e E_. =30-200 MeV/A
e structural information (e.g. isospin)
'Y) e y-decay channel can be selected

* radioactive nuclei can be studied
in inverse kinematics

BBS@KVI
BN SCINTILLATOR BIgRlPS@ RIKEN

Janis Endres et al., PRL 105 (2010) 112503



Pygmy Dipole Resonances in atomic nuclei

* Tools to investigate the PDR
e Selected results:
- PDR and neutron excess

- Splitting of the PDR

* Open questions



PDR and neutron excess

>

Proton number (Z)

Z= 2 4= “N=20 48Ca -
Neutron number (N)

chart of nuclides from: P.D. Cottle, nature 465 (2010) 430
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PDR in stable nuclei: (y,y')
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PDR in stable nuclei: (y,y) and (p,p‘)
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PDR in radioactive nuclei
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PDR in radioactive nuclei

58Ni @ 600 MeV/A on Au
RISING HPGe array, HECTOR BaF, array
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Summed PDR strength and neutron excess
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Electric dipole strength <> neutron skin
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PDR analysis

this work: PDR in "Sn
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Pygmy Dipole Resonances in atomic nuclei

* Tools to investigate the PDR
e Selected results:
- PDR and neutron excess

- Splitting of the PDR

* Open questions



Structure of the PDR: (y,y‘) vs. (o,a.)
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A coincident detection of the y decay enhances the
selectivity and energy resolution of (o, a) = (o, )

T.D. Poelhekken et al., PLB 278 (1992) 423



Structure of the PDR: (o, 0.y) experiments

o a-7y coincidence matrix v spectrum
— 7T T T T T T T T F ' | ' | : | : | ' | : 7
g [ Without 2000 124G
- gates ' |
7 1500 .
6 = ‘
1000 1 >
5 4
_ 1 2
% 4 500 1 -
S 9 0F Fh———
= 8 i 1 §
o 100 1 13
80 1 ©
6 =
5
4

Janis Endres et al., PRL 105 (2010) 112503



do/ df) [mb/sr]

Ehfmj]

-
b 0o 4=

BEN)[10~

~
Ln

=
I

=~
L

=

b-d

=
[a—

[am—

[am—
oh

b bJ
I

[~
(v a]

Splitting of the PDR
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Splitting of the PDR: Interpretation from RQTBA
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Some open questions and future plans

Strength below and above threshold:

48Ca, 120Sn, 14Sm @ Grand RAIDEN @ RCNP (data evaluation)
124-134Gn  136Xe @ LAND/R3B setup @ GSI (May 2012)

0Zn, °*Mo, 13°Te @ Grand RAIDEN @ RCNP (May 2012)

Structure of the E1 strength:

1499Ce(p,p‘y) @ BBS @ KVI (April 2012)

124,1286n(d,d‘) @ LAND/R3B setup @ GSI (May 2012)
124,128,1325n (o, 00°) @ BigRIPS @ RIKEN (2012)

1245 140Ce(yv) @ Y3HIGS @ Duke (2012)

116-124Sn @ NEPTUN @ TU Darmstadt (2013)
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