Under Extreme Conditions
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Measurement with exot/ic beams
1. The Pygmy Dipole Resonance (PDR) in neutron rich nuclei (°8Ni)

Measurement with sfabl/e beams

1. Measurement of the Isospin mixing in the N=Z nucleus 8Zr at
Tx2MeV with use of Giant Dipole Resonance (GDR)
(2. GDR in Highly Excited !32Ce Nuclei)

Study of LaBr;:Ce Scintillators Milano

ST -
for _application in High energy gamma ray spectroscopy [N _

di Fisica Nucleare




2.Measurements with exotic beams

3.The Pygmy Dipole Resonance (PDR) in neutron rich nuclei (°8Ni)
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(ziant rescnanee= are of paramount mpor-
tant for noclear astrophysics.  Often, relevant
reaction rates under astrophysical conditions
are dominated by glant-resonance contributions,
frequently in unstable nuclel.  For mstance,
neutron-rich nucled with locsaly bound valence
neutrons may exhibit very strong (v,n) strength
components near particle threshold and thos,
i turn, enhanced nentron-capture rates. He-
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Precise knowledge of neutron-skin

thickness could constrain the
density dependence of S(p)

should do the same job, but,
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Pygmy-Strength (since related to skin)

experimentally, is accessed much easier !
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How to excite this mode??
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Virtual photon breakup
or Virtual photon scattering

Dipole Magnet
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Virtual photon scattering technique (1)

Peripheral heavy-ion collision on a high Z target

Virtual photon excitation and decay
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Relativistic Coulomb excitation (v/c ~ 0.8%)
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FRS provides secondary radioactive ion beams:
- fragmentation and fission of primary beams

i Secondary * high secondary beam energies: 100 - 700 MeV/u
- - fully stripped ions
/ 1
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magnet
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Euroball 15 Clusters

Located at 16.5°, 33°, 36°
Energetic threshold ~ 100 keV

Hector & BalF.,
Located at 142° and 88°
Energetic threshold ~ 2 MeV
Miniball 7 HPGe segmented detectors

Located at 46°, 60°, 80°, 90°
Energetic threshold ~ 100 keV

Beam identification and tracking detectors
Before and after the target
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Spectrum of the ejectile measured

IN TNe Zero degree caiorimeter -
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“EKuroball Clusters” -
Add-Back and DC
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Structure @ 11 MeV
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0 *Ni@600 MeV/u
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Statistical emission of y-rays
from :
target nuclei (*¥7 Au)
beam nuclei (68Ni)

folded with Response Function
including Doppler correction!
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The functions n,, () are called the virtual photon numbers, and are given by
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T2 B2 5) Ky + ?BD
= number of equivalent photons
Does NOT depend on the nuclear structure !
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(GDR-PDR) Coulomb excitation of 2°Ne or %8Ni at relativistic energies
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J.Beene et al PLB 164(1985)1

G« = photo-absorption
cross-section

The compound term depends on the
ratio between the gamma and total
decay width

The gamma decay width
depends on

The value of the level density
at the resonance energy
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Background (statistical model) substracted Background (statistical model) substracted

“oBaF, *Ni@400 Meviu oBaF, *Ni@600 MeV/u
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Euroball Clusters of HPGe
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B(E2) of 68N
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Coulomb excitation of 5’/Ni (600 MeV A) . . .

HPGe Cluster 245
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Predictions are available
only for ®8Ni

for ’Ni we see a strength
at an energy 2 MeV lower.
As a simple rule the
energy of the PDR should
be correlated to the
neutron binding energy

Energy [MeV]

Eb (68Ni) ~ 7.8 MeV
E. (¢'Ni) ~ 5.8 MeV



In progress .. o extract information on the skin radius

In Framework:
Relation between
Dipole strength and L

will be also computed

From measured
strength get
the neutron
radius

- Compare with other
methods :

e. g. analysis of HI data
(isospin diffusion).
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4 Pygmy dipole strength from experiment
with unstable and stable nuclei
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Pygmy-Strength is related to skin and
could constrain the density

dependence of S(p)

A
106 110 114 118 120 124 128 132

Sn Isotopes (Z=50)

A FSUGold
—— Linear Fit

‘M

e b b b beva e
0.00 005 o040 0145 020 025 0.30

R R (fm)

FIG. 4. (Color online) Fraction of the energy-weighted sum rule

contained in the low-energy region (5—10 MeV) relative to that in the
high-energy region (10—25 MeV) as a function of the neutron skin
of the various Sn-isotopes.
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Figure 2: Dipole strength distributions
calculations for 2Ne in function of the gamma ray
energy. In the left panel predictions by QRRPA
calculations [17] are shown, in the right panel the
results of HFB+QRPA calculations are shown
[18]. The two different calculated strength
distributions for 2°Ne in function of the gamma
ray energy gives for the PDR state, 4,5% (of TRK
sum rule) at 8 MeV and 1,5% at 10.5 MeV
respectively.
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PRL 101, 212503 (2008) PHYSICAL REVIEW LETTERS 21 NOVEMBER 2008
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Decay Pattern of Pygmy States Observed in Neutron-Rich “*Ne 1 Gibelin et al.
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ays from Coulex of ®8Ni at 600 MeV/u.

eV has been observed in all three kind of detectors

We found an extra strenght at 11 MeV with around 5% (+/- 1.5%) of the
EWSR. The error is related by the assumption of the Level density.

» The theory (RMF and RRPA calculations) predicts 4-8%.

> The results opens new perspectives for other experiments and are very
promising for Future measurements especially with high resolution



Measurements with sfabl/e beams

1.Restoration of the Isopin mixing in N Z 3°Zr' at hlgh 'remper'afur'e
studied with the measurement of the y-decay of GDR




1
sospin ( |, :E(N -Z) ) is a good quantum number for the strong \

interaction and therefore the Hamiltonian is symmetric against exchange

of nand p

=» Coulomb interaction is isospin violating/breaking - MIXING (Isospin
is not conserved)

- in the 2.8 and in low lying states: isospin mixing a, around <5%

OPEN QUESTIONS

* how does mixing change (with Temperature>E*) for Z and A o7
*How to measure this in un/stable N=Z nuclei ??




E. Farnea et al. PLB 551,(2003)55




102
> o statistical y-decay
= 1 *  of GDR of 2 different
: CN systems
$
Ly v N=Z-1 N=Z N#Z
i Proj Ta CN
w0l ' 2> Iz0 -
107 o 31p

N=Z N:Z T= 27M€V: .
Proj Ta CN Z=16 "L

IO+IOQIO l%mixing

10 !
5 19 15 20 25

M.Kicinska-Habior et al. Nucl. Phys A731c (2004) 13

E1 (isovector GDR) transitions (AI=1)
Immﬂ- 0=> Ifmal- O are forbidden
ml‘ral 0=> Ifmal 1 are allowed

In the N=Z CN we have p(I=0) > p(I=1)
Y yield from CN is suppressed

WhCIl Imn‘al _CN~ =0

Comparison
of yield of GDR ina N= Z CN
to the one of N# Z CN
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The Isospin Mixing o,
Probability is predicted to
decrease with temperature
for T>1 MeV

0.045

0.040 |
0.035 ..
0.030 -
0.025 -
0.020 -
0.015 -
0.010 |
0.005 -

0.000

0 I | |

o os T!ETMCEV] 25 s

3.5



0.09

0.0s E From GDR decay _
- : Statistical model to
0.07 F 7=99 =30 determine isospin mixture
2 0.06 F s =20keV
> 0 E r, =100MeV full mixing
. E e =0 nomixing
0.04 ] increase(?)
0.03 F sa'rura're(")
0.02 E
- N=Z
0.01

30 35 40 45

E.Wojcik et al. Acta. Phys. Pol. B 37(2006)207 A

-up to mass ® 40 the isospin mixing a?, increases similarly to
its behaviour at T=0 MeV,

‘while at A = 60 it does not increase as one would expect?

*Measurement at A=80 will help to clarify |



INCLUSIVE

M. Kicinska-Habior et al./Nuclear Physics A731 (2004) 138-145
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GARFIELD+HECTOR @ Laboratori Nazionali di Legnaro
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Preliminary analysis
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Isopin mixing in N=Z 8Zr at high temperature

»It was possible to measure symmetric 4°Ca+#0Ca=80Zr reaction
at high temperature, not accessible with other methods

»Statistical model simulations together with experimental data
and teoretical analysis will give insight into restoration of Isospin
mixing at high temperature

»FUTURE:
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