New preliminary experimental results on
Giant and Pygmy Dipole Resonances*

O. Wieland
for the AGATA, Prespec, HECTOR+ collaboration

*mainly AGATA and GSI related

OUTLINE:
-Part one: Short notes on general features of GDR,... (pre-GSl-phase)

-Part two: Pygym Dipole Resonance
Experiments at GSI (AGATA,Prespec,...)
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Electric Dipole response in Nuclei
in measured gamma ray spectra
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. Phys.Rev. C87 (2013) 024305
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GIANT RESONANCES IN NUCLEI

Observables
(E*, J, ... dependend):

a) Centroid Energy
b) Width,

c) Strength,

d) Lineshape

—> Information on
nuclear structure

Symmetry energy,

Damping

(T=0 Q-Fluctuations —coupling np-ph)

(T>0 Thermal Fluctuatioons, compound width,...),

Degree of collectivity,
deformation
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GDR et al,...How to measure ?

«Traditionally» with photoabsorption, NRF, nuclear reactions, p,p’,
alpha,alpha’-scattering experiments, DI, ...
with stable nuclei or stable beam target combination *
but recently ALSO with fast exotic beams

.................
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Since long time we know:

GDR Lineshape changes with
Neutron number !
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Phys.Rev.Lett.97:012501,2006

Complex detector
systems for LCP, n,
gamma and heavy ions

GDR
«GDR» (E;}\g" ) 2
Dependance of GDR on MASS, T=2-4 MeV
Temperature, angular momentum, GDR deformed
Isospin(mixing), lifetime..... - nucleus
PYGMY AA.
Resonance EPJ A20(2004) 165.
skins Exotic Beams >
new <':ollective modes, 0.2 >0 SPIN 100
neutron stars @\A AGATA

Origin of the elements

o
Phys Rev.Lett.102:092502,2 '&93 ’D\

00:9?' ‘(v‘o
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Splitting of E1 strength in the response in Nuclei

to different probes

The splitting in the population of the states reveals a different underlying structure

7@ — e 10 low energy part = isoscalar character
-Eo,e - i . . .
o4 (neutron-skin oscillations)
§0,2 - l
0.0 *L - — ]

Q1 high-energy states = isovector nature
(transition towards the GDR)

(*) figure from J. Endres et al., Phys. Rev. Lett. 105, 212503 (2010)
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One important open problem for pygmy states is the cross section sensitivity to transition densities
containing the nuclear structure information...
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Results with AGATA on Pygmy states in *%4Sn (*) with 7O probe
Phys. Rev. Lett. 113, 012501, 2014

SN, L One of the crucial points of this work is the
4 L "**Sn(0,a'y) (**)_ ' i comparison of the presently measured cross
[ i 305 I i sections with (y,y’) and (a,a’y) results.
L ., A 057 7omev] > discrete peaks
) / /// - » total measured counts (unresolved strength
" i

dashed grey bars)

8 “ O Splitting of the PDR states in two regions also in
(170,170’ y)
» isoscalar transition densities (peaked on the
surface, enhanced in the isoscalar E1
response)

R » higher-lying states (GDR type, suppressed

150 | 12480 (y.1") 5 ! . in the isoscalar channel)
i 2 :

The splitting of the PDR region becomes even more
evident if we integrate the strength in the discrete
peaks measured in each experiment into two
regions, 5—-7 and 7-9 MeV

do/dQ [mb sr'/ 100 keV] do/dQ [mb sr'/ 100 keV]

I[keV fm 2/ 100 keV]

5 55 6 65 7 75 8 85 9
E [MeV]

(*) L.Pellegri et al. Accepted for publication in PLB

(**) J. Endres et al., Phys. Rev. Lett. 105, 212503 (2010)
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OUTLINE Part 2

* Introduction and «replay» of past data of PDR
(pygmy dipole resonance) search in

in% N1 and Results with RISING (=Euroball+CATE+BaF,)
* The very recent experiments with 62Fe and *“Fe

and «near-line-resultsy»
WITH PRESPEC
(FAGATA+LYCCA+LaBr;:Ce)

Supernova-Explosion

Starting points of r-process near Ni P

and Fe region going towards also | * °
more exotic nuclei




Pyamy Dipole Resonance

“Collective oscillation of
neutron skin against the core” From Experiment

Open Questions,

-Level of collectivity ?

-How (collective) properties change with n ?
-How isospin changes mean field ?

-In exotic nuclei: does PDR strength exist also below
neutron threshold ?

-No High resolution/statistics measurements available
-various nuclei and mass regions
-Effect of deformation ?

-Proton Pygmy, still to proof (2008Land?)

-”Picture “ of PDR, toroidal mode ?

- from pygmy strength deduce dipole polarizability

Photoabsorption
cross section (a.u.)

20

Gamma Energy [MeV]

El strength shifted
Towards lower energy

From Theory

RQTBA average dipole

In EXOt'i C NuU C-I e'i - transition densities for 68Ni |

extremely few
experimental Data available

P. Adrich et al., Phys. Rev. Lett. 95, 132501 (2005)
J. Gibelin et al., Phys. Rev. Lett. 101, 212503 (2008)
O0.wieland et al. PRL 102, 092502 (2009)
D.Rossi et al. PRL 111, 242503 (2013)
‘ refernces therein and cited by
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Neutron Skins Pygmy Resonance Neutron stars
o | AN

radius.

The PDR strenght gives
Phys. Rev. C 81, 041301(R) (2010)

Carbone et al.

—~>Determine nuclear polarizebility.
Relation between neutron skin and neutron stars
both are built on neutron rich nuclear matter
so that one-to-one correlations can be drawn.
Yet both radii depend on the knowledge of equation of state
of neutron rich matter.

s

Pygmy Resonance in exotic nuclei and especially low E1 strength
may have an very important

impact on the r-process Nucleosynthesis
and on nuclear phenomenology
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Neutron Skins Pygmy Resonance Neutron stars

-~ Y T
Z \\
N

Nupecc long range plan 2004-2010
“Giant resonances are of paramount importantce for nuclear astrophysics”
‘It is of particular interest to study the
collective strength in short-lived nuclei..”

INPC 2013 - Nucl. Astrophysics session:
“..whole E1 strenght, below and above threshold, from comparable
experiments, is urgently needed for exotic nuclei..”
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Emergence of pygmy dipole resonances: Magic numbers and neutron skins
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Exotic nuclei -

? DIFFICULT !
possible

Features ... How to @
TU-Darmstadt

measure in exotic nuclei? us B

ELI-NP.,...

PHYSICAL REVIEW C 84, 021302(R) (2011)

Tsunenori Inakura,' Takashi Nakatsukasa,'* and Kazuhiro Yabana®'



« Peripheral heavy-ion collision on a high Z target at relativistic energies
* Virtual photon excitation and decay

A A S %

L AR

Relativistic Coulomb excitation (v/c ~ 0.8%)

_________________________________________ |
t’. Virtual Photon spectra E1
§ Virtual photon n,B,.. 200
Y emission
TR0 T ite Di | tat ds: 150
b>b. . 0 excite vipoie states one neeads: .
min . 3
- High beam energy S 100
- Large cross sections
- Large Gpp/0gqgr ratio 50-
To Select projectile PDR one needs: -
- High beam energy 1 10E, ., 100
%
- Large Doppler effects E* (keV)
—>Background REDUCTION e ﬁ]/ " maximum excitation
-GoodZ._ /7 ratio — —"—nC energy (adiabatic cut off)
ooi/ Zrrger ™ b ca. Exmax=18.5 MeV

min
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MoV LAND at GSI E [MeV] RIKEN experiment at 58 MeV/u
Adrich et al. PRL 95(2005)132501 —R3B B )

pygmy with 4.9 (+/- 1.6) % EWSR
(45mbarn)

Future of BU:
SAMURAI, Shogun@RIKEN

..R3B-GSI/Fair




Virtual photon scattering technique

-ADVANTAGE: High selectiVitV for dipole excitation 11

GDR + PYGMY Excitation T T

400 MeV/u ®8Ni + 1°7Au  (May 2004)
600 MeV/u %8Ni + 197Au  (April 2005)
400 MeV/u ®4Fe + 208Pph  (October 2012)
430 MeV/u 6264Fe + 197Au (April 2014)

G(G D R) ~ 20 E , 3-ph GDR

1 S| "zu Lo el Lol L
c(GOR T I 10
( Q ) n-knockout some mbarn E (GeV/nucleon)
Vi rtu a I p h oto n EXCitatio n T.Aumann et al EPJ 26(2005)441
—> At large energies the cross section
and decay of GDR + PYGMY for the Coulomb excitation of the GR overcomes

the nuclear geometrical cross section!

do 1
dEi_ZgNT(E*)'JT(E*) ‘
A
*B(x)R GDR Ground state decay

Y branching ratio
~ 2% measured on %%Pb

Coulex g .S. [Beene et al PRC 41(1990)920]



of 86Kr @ 900 MeV/u FRS

on Be target (4g/cm?): .

Q 10 ppspill 86Kr, provudes
Spill length 6s,period 10 s Secondar'y
Primary

Deconilary radioactive
ion beams

bheam

/

target S@/ €, TOF:B, v

Calorimeter
Telescope
for beam

identification
CATE

Ly . CATE S
Position sensitive



http://www-linux.gsi.de/~wolle/EB_at_GSI/ICONS/rising-big.gif
http://www-linux.gsi.de/~wolle/EB_at_GSI/ICONS/rising-big.gif
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%8Ni ANALYSIS of Experiment at T
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AFTER RISING-GST MEASURE- (e e el pavers ofthis experimert
Recent theoretical calculations e

0.30 }

e |
B 025 68y .
I N f .
. x E 020} / '
LT Q = |
32} 19 2| N 2l "Ni o o)
= i @ 00
o =) 0.0/
E 1 % ol
i = 1
n < 5
0 3
o 4
5}
6}
7
FIG. 3: Low-lying dipole spectrum of %™ 7Ni calculated within the RQTBA-2 with a smearing ’
. s fhie At f % 8 10 12 14 16 18 20 22 2
ains also the data from
uprc” E (M
PDR part + “RF R et
POl E. Yiiksel et al. / Nuclear Physics A 877 (2012) 35-50)

PHYSICAL REVIEW C 87, 014621 (2013)

Pygmy and giant dipole resonances by Coulomb excitation using a quantum
molecular dynamics model
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Compare the strength in ®8Ni with Sn data

® Lower value of th€ B(E1)

in 8Ni as compare to the Sn
region

& This is consist ith
the fact that @%is

smaller

S(N-2Z)2/A%g0overns the
Symm energy in finite

nuclei

This is the first hint that from the strength of the pygmy
one could get information on thmry energy >
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Possible Correlation that connects

T ' L and the PDR strenght
R Carbone et al. Phys. Rev. C 81, 041301(R) (2010)
: I 10\\||||||||||||||||||||||.||2|6 10 NN T A T O T A A A O A 0 O
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L slope parameter at saturation density of the EOS
1,2,3,.....19 Skyrme forces 20,...26 RMF (meson exchange) Lagrangians



B.A. Brown, PRL 85, 5296 (2000);

S. Typel and B.A. Brown, PRC 64, 027302(R) (2001).
R.J. Furnstahl, NPA 706, 85 (2002);

. Yoshida and H. Sagawa, PRC 69, 024318 (2004).

Exp. values from O. Wieland et al., PRL 102, 092502 (2009);
A. Klimkiewicz et al., PRC 76, 051603(R) (2007).

Correlations
between L and AR

19_ T T T T [ T T [T T T [T [T T [T (the neutron skin
] | 132G p.—0.90 i thickness) have been
8 — | m 88pj RPA & noticed previously.
] N 0 2|0 4|0 6|0 | | 1|20 140
L) N ] 0.4 [ [ L1 | L1 1 [ L1 1 L1 1 0.4
S. 6 ] 4 132 2 C
| | J| 325, rg, =0.98 u
g | 0.35 —|| == "*Ni, rp,’=0.95 C0.35
g _ _| || — %P, rp,?=0.98 -
| N —.0.25 —f f— 0.25
- n E i -
2 — — B3 -
- _ 0.2 o — 0.2
] 1 f :
- - 0.15 - ***Pb = 0.15
0 I Y I O O B I B . AR [fm)] E
0 20 40 60 80 100 120 140 0.1 3G, 0.25840.024 | O
L [MeV] 0.05 *Ni  0.200£0.016 |F .
(L=slope parameter of - “*Pb 0.195:0.021 ||
symmetry energy at Saturation) 0T L N e s I O B I B 0
0 20 40 60 80 100 120 140
The idea has been previously presented, and exploited in part (Furnstahl, . Klimkiewicz et al.) L [MeV]

However, here for the first time the approach has been pursued with different nuclei

and many different classes of EDFs. Carbone et al. Phys. Rev. C 81, 041301(R) (2010)




Comparison with other ways of constraining L

PD lvsi
this work: PDR in **Sn R analysis

this work: PDR in **Ni
|

PDR in **Sn [ﬁ]

20 40 60 80 100 120
I A A NN NN NN (NN N NN SN NN NN NN SRR SN S NN MR N MR S

All methods

this work: different PDRs

|
isospin diffusion [9)]

isoscaling [10]
*

isospin diffusion [8]
|

analysis of surface vs. volume asymmetry [26]

IAS [25]
radii of antiprotonic atoms [11]
|
PDR in '*?Sn [6]
|
| I I I | I I I | I I I | I I I | I I I | I
20 40 60 80 100 120
L [MeV]
NUSTAR Week 2014

Possible approach of extracting L
(derivative of symmetry energie)
from the PDR strenght

—> Contraints on the
symmetry energy in agreement with

heavy ion fragmentation and with Anti-
proton

BUT:

MUCH MORE
DATA ARE NEEDEL

[THIS WORK] A et al., Phys. Rev. C 81, 041301(R) (2010)

[9] M. B. Tsan, . 102, 122701 (2009).

[10] hys 4606 (2007)

[8] L. s 94, 032701 (2005).

[26] , 233 (2003).

[25] z an Phys. A818, 36 (2009)

[11] M. a 5 . Lett. 102, 122502 (2009);M. Warda et al., Phys. Rev. C80, 024316 (2009).
[6] A. Klirr , Phys. Rev. C76, 051603(R) (2007).
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From RISING to PRESPEC  EUROBALL > AGATA  BaF, - LaBr,:Ce
PDR in (64and62) Fe — Experiment at GSI

primary beam : 8Kr @ 730 MeV/nucleon
Relativistic coulomb excitation: %4Fe @ 400-440 MeV/u on 2%8Pb and 197Au target

Secondary Target

Production 1arget Position / Time Measurement f
- Paosition / Time Measurement

~ (SC21 and FINGER detector)

(Target DSSD and LYCCA ToF start)
Energy loss Measurement  /
(MUSICs) ' /

Heavy lon Beam
{from SIS)

Position / Time Measurement

(5C41)
y-ray detectors

: . {AGATA Cluster
*—. </ HECTOR [not drawn])
52 Degrader System ‘ . ‘
Position Measurement 1 }

S1 Degrader System (TPCs)
[not drawn] k

N
Energy Loss / Total Energy Maasurement
{LYCCA DSSD wall / LYCCA Csl)

PDR gamma decay : expected gammas at ~10 MeV in CM frame (low leltipIicity) Tracking
Expected Energies In Lab frame of PDR 64Fe dipole strength expected distribution
~ 20 MeV 50

———RPA (SKI2) Wieland

Gamma detector arrays: 40 | ——RMF (NL3) Arteaga

AGATA [forward angles]
HECTOR+ [10LaBr,:Ce + 8BaF, at different angles]

Arb. Units
w
o

Experiments suffered from severe CUT in beam 10

Time assignement. low primary beam intensity

and difficulf seftings in SIS FRS 5o 20
nergy [MeV]




AGATA PreSPEC setup — gamma detection TESTs prior to measurement

+ AGATA (PSA+1HIND)

- w— HPGe standard AGATA

Operation Mode

o segmentation) | —>Rivelatori HPGe di grandi dimensioni
segmentati elettronicamente

Counts

- Algoritmi di Pulse Shape per
ricostruire la posizione dell’interazione |

- Algoritmi di tracciamento dei raggi

N T T TR et Meremel gamma per sopprimere il background
13 135 14 145 15 155 16
Energy (MeV)

F.C.L. Crespi et al. NIMA 705(2013)47-54

1200 + . 4 - L
H ECTO R+ 1000 "‘
Rivelatori BaF, e LaBr;:Ce di grandi
dimensioni di alta efficienza 2 " Py
S 600 J P!
. . i 8 | it T |
Buona risoluzione energetica e X R | |
Gy Ottima risoluzione temporale . \
» sl |
15!5![?'3 . 15%03 ‘6;200 7 16;’}3 ‘ 17000 ' 17;303 ‘ .‘;&JC

r-ray energy [keV]
A.Giaz et al. NIMA 729(2013)910-921




Nuclear Spectroscopy with AGATA
with relativistic coulomb excitation of ®*Fe up to 430 AMeV v/c=0.73 !

Messhutte




Nuclear Spectroscopy with AGATA
with relativistic coulomb excitation of ®*Fe up to 430 AMeV v/c=0.73 !

MhitY:MhitX:hitZ
150 ¢
100/
50|
0
ol
100
150 |
.200§
DC spectra: 250
Tracking 0455
cleans
background! 50 ”
\ | | swl_{ No tracking FE
- as0 i1 J[F .
X : o s ’ tracking No DC
No traCkmg ZSOfMeV 6AFE ol Ty mlf 1 | «target excitation»
0 Beta 0.71 - r %U‘”‘m 'U[fl _ 596kev 74Ge line
500 lfl_ SFE AGATA 300 l’h,_g 'FLP' .
g | DC o [ ‘Llﬁr-l : "-'11‘7
! " g
T " AGATA R g
X% AT 150 i
U L A N
- . . g —n frS— 1C0
s TraCk|ng, near |In61 o L‘"w_*rr_"JL 400 450 500 550 | 80  es0 700 750
T 70 e00 800 1000 1100 1200 R. AVlgO 583KeV 298Pp 5- > 3-

NUSTAR Week 2014 Valencia - Wednesday, 24 September 2014




Matrix_EDeiltaEtwelve 3

0,16

Coulex

@400AMeV

AGATA

Ge-Cluster

Production f
target / f

SCiH

SCI2
Reaction
target
AGATAtrackedDopC
600 ~ , .
E L Tracking of events
550 —
sk | 64Fe IN
= 64Fe OUT
4505_ 7?? Coulex

400 — el s 64Fe 2+@746KeV

350 — : :
= -
o = \Q
- Geant gives FWHM 25 KeV ;

-~ (need exact beta and X y,z coordinates of target and array)
200';;,_,,__,__ s 1 L
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1105
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144346
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2012 High Energy AGATA data (replay)

2012 runs with long range segments (16 MeV) show that summing energy
segments allows to overcome the core saturation energy. Events at so high
energies are a good test for MGT libraries and for other possible algorithm used
for tracking gammas

= COTe energy

PREL IM ’NAR Y — SEgment sum energy

Low Energy spectrum comparison

- SEgment sum energy

WPREL”\/”NARY = COre energy

High Energy spectrum comparison




Spettri preliminari ®*Fe

Lo spettro gamma a bassa energia ottenuto con AGATA mostra un accumulo in corrispondenza
dell’energia del livello 2* che conferma che si stanno osservando le reazioni sul nucleo di interesse

.
INFN

NUSTAR Week 2014

MH-TDC & AGATA

746 keV

N
Ground State

bk 64F@ 2"

/e 2" @ 746 keV

40 *
-
4 +
:R A R 4
\g -
v 650 700 70 &00 850 800 850 1000 106

" keV
R. Avigo

CLMINARY B G ATA
SFe ¢

4
4%4@@)
\ %
2 6 10 mmm Mj

Ground State
Energy|MeV

6-8 MeV

R. Avigo
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Spettri preliminari ®2Fe

Lo spettro gamma a bassa energia ottenuto con AGATA mostra un accumulo in corrispondenza
dell’energia del livello 2* che conferma che si stanno osservando le reazioni sul nucleo di interesse

“Fe2'@877keV  62F@ 2" 877 keV

M .

Ground State Y

MH-TDC & AGATA

an BY 00 990 1000 1050 "W 1% kev

6-8 Me
ARY =CTORS: G

. HECTOR< 4@@

~ Ground State

L/’ 2 6 0 18 22 R Avigo
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=
o

Arb. Units

64Fe: expected dipole strength

== RPA (SKI2) Wieland

e RMF (NL3) Arteaga

10 EnergylﬁVIeV]
LL-E1 PDR GDR

20
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Multipolar character of strength

Dweiko calculations can be exploited to
obtain E1 and E2 angular distribution

HECTOR+ array coupled with AGATA allow to
have angular distribution in a wide range of
angles
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RESUME:

E1 Strength Distribution in n-rich

and future' measurements ? >>2>2>2>2>>->
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heoretical
Predictions

m Z=50(Sn) .
O Z=28(Ni)
v Z=82(Pb)| ™

6L  RQTBA .

EB(E1) [e *fm ]

0.00 0.02 0.04 0.06 0.08

o

E.Litvinova et al, PRC 79, 054312 (2009)

+possibly (Lower states 1-,2+,.
(large scale) Shell model
Calculations to be done

(in ®8Ni K. Langanke,)

S [ fm® / MeV]

N

o

8 10 12
E [MeV]

6 12

6, 8 10
I E[MeV

Elena Litvinova, Peter Ring and Victor Tselyaev RQTBA-2 |
Phys. Rev. Lett. 105, 022502 (2010) I

“the 7072Nj isotopes can be suggested for future mea}urements."
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Experimental Setup for
v-ray detection with DALI2+

Liquid He, Au,.. Target

70,72,7XNi e g ' ﬁ' 3 ZDS ’

124,132G I sl S A MURAI

16,22,.. L A +
O Il Hector
LaBr,:Ce
[DYAY N
Nal (€..,=4% @ E =10MeV, m =1 — O
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To go further in the PDR, E1,GDR search:

(especially for r-process nuclei, which are of paramount interest for determining
v,n equilibrium in solar processes) we need =2

AGATA / SPEC @& FAIR

SPEC ,r NUSTAR
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