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The pygmy dipole resonance (PDR)

The E1 response of nearly spherical nuclei
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The pygmy dipole resonance (PDR)

E1 distribution studied via NRF with bremsstrahlung
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Figure: D. Savran, T. Aumann, and A. Zilges, PPNP 70, 210 (2013)
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The pygmy dipole resonance (PDR)

E1 distribution studied via NRF with bremsstrahlung
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The pygmy dipole resonance (PDR)

E1 distribution studied via NRF with bremsstrahlung
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Isospin character studied in (or,0%y)

0.8 -
&S
= e (,0’y) | °Ba (@,0)
T3 04 | | |
N |
i S llm‘“ [ B bl L
(_NE RRUNIRE |' | 'I" IIIIMIHI' II| H'I‘”‘
—
Eﬂ_/:@ 20 |
7S . (7:7) - (m’)
3 4 5 6 7 8 3 4 5 6 7 8
L 08 -
c & isn (') | Mo (ev,a’7)
C 5 04 T
.2
5 il \
— 0 l e l",“|||| L1 “‘ |'1" i .. ___|[__i|| . | [ i
1 T T T T 1T WL LRL ' T
= [ T
Eﬂ_/:@ 20 | 1
S - ) s ()
3 4 5 6 7 83 4 5 6 7 8 9
Energy [MeV] Energy [MeV]
D. Savran et al., PRL 97 (2006) 172502 J. Endres et al., PRC 80 (2009) 034302
J. Endres, E. Litvinova et al., PRL 105 (2010) 212503 V. Derya et al., NPA 906 (2013) 94

M. Spieker, University of Cologne, AG Zilges A pygmy quadrupole resonance in the stable Sn isotopes



Isospin character studied in (or,0%y)
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Isospin-mixed character confirmed in (*/0,*70%)
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Figure: L. Pellegri et al., PLB 738, 519 (2014)
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Isospin-mixed character confirmed in (*/0,*70%)
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Neutron-skin excitations?
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A pygmy quadrupole resonance (PQR)?

Prediction of the Quasiparticle-Phonon Model (QPM)
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Figure: N. Tsoneva, H. Lenske, PLB 695, 174 (2011)
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A pygmy quadrupole resonance (PQR)?

Prediction of the Quasiparticle-Phonon Model (QPM)
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The isospin character of 2* states in **Sn
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The isospin character of 2* states in ***Sn
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Isoscalar character of quadrupole

excitations in 124Sn confirmed!

(0,170%): L. Pellegri et al., PRC 92, 014330 (2015)
(o,ay) and (v,Y)s.smev: M. Spieker et al., PLB 752, 102 (2016)
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The isospin character of 2* states in ***Sn
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The isospin character of 2* states in ***Sn
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The isospin character of 2* states in **Sn
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The isospin character of 2* states in ***Sn
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Systematic study of E2 strength in Sn isotopes
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Particle-y coincidences with SONIC@HORUS

10 MV FN Tandem ion accelerator

= Three ion sources available
— typicallyionsuptoZ =30

= Terminal voltages from 1 MV to 10 MV

= Current on target up to 1 pA (protons)

= Experimental setups:
new AMS beamline, Plunger setup, Orange
spectrometer, LYCCA, HORUS spectrometer

The SONIC@HORUS setup

HORUS for y-ray detection
= Up to 14 HPGe detectors
— Six BGO shields and two Clover HPGe
detectors available
SONIC for particle detection
= 7-12 silicon detectors (thickness < 1.5 mm)
= Particle-y coincidences (Lifetimes, branching
ratios, angular correlations)
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Particle-y coincidences with SONIC@HORUS

pY-coincidence matrix
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Particle-y coincidences with SONIC@HORUS

E, [keV]

pY-coincidence matrix
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DSA lifetime measurements with SONIC@HORUS

Determination of y-energy centroid shifts due to Doppler effect

Stopper Target ~p

E,(O,1) = E}(} (1 +F(’L‘)v—£ cos@))

The (p,p“y) DSA coincidence technique

Recoil = Lifetimes from 10 fs to 1 ps can be measured
nucleus NS = Feeding from higher-lying states excluded due
to py coincidences (excitation gate)
= y-decay branching can be measured
— Partial decay widths accessible
= Dozens of lifetimes in one experiment!
= ] =0-5 are excited with (p,p‘y)

(p,p‘y) DSA coincidence technique: A. Hennig et al., NIM 794, 171 (2015)
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DSA lifetime measurements with SONIC@HORUS

Determination of y-energy centroid shifts due to Doppler effect

Vo
E,(©,1) :Eg (1+F(T)—cos@)) -
C 112 ,
Sn(p,p’7)
8000 excitation-energy spectrum -
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4000 4;

32,

counts / 0.25 keV

2000

1500 2000 2500 3000 3500 4000
E,~E, -E, [keV]

Excitation-energy gate (SONIC)
" v, is known from kinematics
— Relevant angles and energies ,)(’
are measured g
= Feeding can be excluded! Direct population
— Extraction of real lifetime of excited state

3 from the ground state
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DSA lifetime measurements with SONIC@HORUS

Determination of y-energy centroid shifts due to Doppler effect
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DSA lifetime measurements with SONIC@HORUS

Determination of y-energy centroid shifts due to Doppler effect
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DSA lifetime measurements with SONIC@HORUS

New lifetimes in 112Sn and 114Sn
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From these lifetimes, e.g., B(E2) values can be calculated!
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E2 strength and y-decay branching ratios in Sn
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E2 strength and y-decay branching ratios in Sn
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Summed E1 and E2 strength in Sn
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Summed E1 and E2 strength in Sn
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Summed E1 and E2 strength in Sn
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Summary
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ey B ! The PQR in the Sn isotopes
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Outlook (1)

Theory

= PQR states predicted using different : —— neutrons |
theoretical approaches? '
— Transition densities in RQTBA?

Experiment

= Extend information on E2 strength
distribution to Cd and Te isotopes

Neutron-skin oscillation?

---- protons

— 128130Tg(p,p‘y) DSA experiments
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Outlook (2)
CAGRA@Grand Ralden Collaboratlon RCNP, Osaka (Japan)

(p,p"y) @ E, =80 MeV and (a,a.y) @ E, = 130 MeV (Oct 2016 — Dec 2016)
CAGRA (12 Clover HPGe detectors and 4 large-volume LaBr;:Ce detectors)
Grand Raiden spectrometer (energy resolution superior to BBS)
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CAGRA@Grand Ralden Collaboratlon RCNP, Osaka (Japan)

i} /4™ i
Sn(p.p’) at 6.63 deg, £, ~80 MeV

4.20<10° events, 37 ke V(FWHM)

/

Counts / 10 keV

PQR strongly excited!

" (p,p%) @E,=80MeV and (a,ay) @ E, = 130 MeV (Oct 2016 — Dec 2016)
= CAGRA (12 Clover HPGe detectors and 4 large-volume LaBr;:Ce detectors)
= Grand Raiden spectrometer (energy resolution superior to BBS)
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