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Quark-gluon
plasma

Hadron properties

Nuclear equation of state
Nuclear sructure

o
¥ ;s-““' " Nuclear astrophysics
e ®

¥ applications

Interlinks of these fields to address questions such as :
« Whatis the influence of meson and hadron properties

in the Quark gluon plasma

« What are the nuclear structure effects influencing the
nucleosynthesis and low energy nuclear reactions?
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Ulira relativistic heavy ion collisions

From the beginning
the big bang ......

the hot compressed matter and the
properties of the hot quark gluon plasma



Heavy ion Collisions : maiier under exireme condiiions

%200 e s (‘ S =
: 5 oumsandouo vt The Exploring QCD under
Whatdo we | | aim _ extreme conditions,
want to learn | & : :
from HIC ? g oy where the strong interaction
5 is really strong,
Some results / ¥
Nuck Net Baryon Density expectations & predictions :
Future weakly interacting plasma / ideal gas of (quasi-
free) quarks & gluons
partons are deconfined
(not bound into composite color neutral hadrons)
chiral symmetry is restored
Ihel \(por’rons =~ massless, vanishing gluon condensate)
ools

Relevant degrees of freedom
(and experimental observables) at high T :
ordinary hadrons are not sufficient




Heavy ion Collisions ;: matier under exireme condiiions

energy increase by

cerftr_a' f factor 104in ~ 30
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Very sirongly interactiing, almost perfect liquid' : sQGP

increasingly precise measurements of macroscopic properties
No quasi /S, & an eA, D, EoS, ¢,
free gas!! < ' ' ' .
From /s versus time
Collective 15 = lattice QCD ]
. = kinetic theory
properties — - - viscous hydro + flow data
- = AdS/CFT limit
O 1 i
Future: =
What is the = 1/4n
dynamics 0.5 i
1
‘Where is 0 . "0 T T in
the onset ? | 2004: 47n/s < 10 |, ideal hydro viscous hydro o
size & 2014: 4mn/s=1-2 2000 2003 2006 2009 2012 2020
energy time
density ¢ | “macroscopic’ piece of matter with amazing properties

« reaches thermo/hydro equilibrium incredibly fast & in

small volumes (< 1 fm)
« tiny viscosity reveals density fluctuations in the inifial

state, event-by-event |



Heavy ion Collisions : quark deconfinement

good evidence for deconfinement (J/W¥, Y)
Reconcile: J/W¥ coalescence = color conductivity,
Perfect Y suppression = resonance melting
Fluid Q::E 1.4 Inclusive Jiy — p'i, Pb-Pb | 8, = 2.76 TeV and Au-Au | s,,,, = 0.2 TeV I .
B ALICE (PLB 734 (2014) 314), 2.5<y<4, Ocp!cBGeV."c global syst.= + 15% :22“&‘., =276 TeV [ T uncenta inty ]
(The I’eleVGﬂT 1.2 [J PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, p >0 GeV/c  global syst.= + 9.2% 2_°-'°JJL*-7I-~" _:_:p;mwc :":1_
dof (particles, N ’ W i,
excitations, ..) i < F . | i
L . 14 L -
are NOT free 0.8 l IIE J/W  production 1 += ------ s i s
quarks & gluons 0 63_ I , . g E
e @@ﬁ . . . W, and Z productiq
and 0.4;— @ 8 o T ‘:Ig(T)I[G(iQ/] 0 100
- g o
0.2 : (W & il
Weak coupling 1) SN W FE S ST P FE S
_ 0 50 100 150 200 250 300 350 400
(deconfinement) (N,
at short _
distances — less suppression than RHIC (PHENIX, 1.2 <y < 2.2, p; > 0)
(from QCD) — weaker centrality dependence
> New regime c-cbar coalescence?




Heavy ion Collisions ;: matier under exireme condiiions

What do we
want to learn strangeness 222,- Behavior of multi strange barions
from HIC ? e
T b ALCE Preiminary P-Pb smoothly
soF bridges
Chiral < = 0
i SE =
symmetry ) abundances
Restoration ? | © Pt Yo = 502 ToV from pp to Pb-Pb
3 VOA Mult. Evt. Classes (Pb-side) |
- pp \'s = 900 GeV VOlueS
2
Some evidence = crmus2amod |
F = 155 MeV Pb-Pb | s,,, = 2.76 TeV
in low masses R P e
0 10 10°
(rho) (indirect)| — | -
B minary
. b & E H Future planned
é\ Lt e Rt Rl 4 o measurements
U = .
: H N o Focusing
e 1 e PbPb .
= H . mainly on heavy quarks
+  PPDASy=50<1e . . . .
VOA Ml Eu. Glssos (P o) with increased precision!
A ppis=7TeV
’ P = PbPb\|s,=276TeV
TR T T
<chh/d nlab>|77,ab|< 0.5




Heavy ien Collisions at 2GeV/u ; sirangeness produciion

6I-i +12C E (a2) d+7~ Lifeﬂme
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S I S 5ok
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" 2 ol and
o 20 <} E
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T
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of Lambdaq)

These states may be interpreted as
: the 2-body and 3-body decay of a
s neutral bound state :

2 neutrons and a hyperon, 3 ,n-

Residues

K* counter



Equation of state of Nuclear maiter and neviron siars

EOS : EOS Asymmetric term constrained by :
Constrains from isoscalar modes, * Heavy lon collisions
as the GMR (nuclear compressibility) * Neuiron Skin
, heavy ion collisions) polarizability (GDR and pygmy)
P-REX experiments
Recent result on ¢8Ni for the GMR * Nuclear masses
(GANIL- Active target Maya | | | | o
and RIB at 50 MeV/u) Qoo
9 L
T:(";' BRRTRIVA N > :
% o) 1
E‘ 10 b -
g 1 ()
£ > :
£ . 0
10% - 10 c .
PRL113(2014)032504 § N & .
Soft mode? Sl T
compressibility of Nl |
the skin?
Symmetry energy

EDF with effective interactions



Heavy ion Collisions and the nuclear equaiion of siaie
The EOS,

. . C _Ns'zs .'o
relationship 12F Ms ==, R .
between : F ...o-- A:0.04 <m,<0.08 g7 Caloric curve
) i --e- B:0.08 <m <0.12
F _.%- C:0.12<m_<0.16
Thermodyncmlc . 10:— — w - D:0.16< ms$0.20 el
and S [ —8— E:020<m<024 .9° .1 MeV decrease
= 9 ‘ - .

the bulk nuclear | & F - with d
properties 8E T Increase

JE o asymmetry

¢ :
. . C \ \ | \ \ \ \ \ :
Is relevant in 1 2 3 4 5 6 7 8
heavy ion E*/A (MeV)
collisions Evidence also of effects of clusterization on the Low- Density
and (see e.g. J P-G41 (2014) 075108- (LNL)

environments of | and J. P.G. 420(2013) 012087 from LNS)

nucleosynthesis. ,
Equation-of-State :

(see K. Hagel, J.B. Natowitz and G. Roepke, EPJA A 50 39-1 - 39-16
(2014)-

For fluctuation and symmetry energy in nuclear

fragmentation dynamics see M. Colonna, PRL110,042701(2013)



Nevuiron sldq and iis properties ....(pygmy-polarizability)
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Light nuclel : ab iniiio caleulaiions 2N and 3N inieraciions
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N N [N | 8N | 19N
'C | 15C [ 16C [ 17C | 1°C
B -l 2B | B 158 | 168 | 17B | 188
Be 19Be | "'Be | 2B 14Be |5Be | ®Be | 'Be
SLi L | SLi | toLj | ML | "2Li | oL
He | THe He |"°He
H SH [ ®H | TH 3

Quantum montecarlo
methds with chiral

inferactions

To be

studied:

Halo, radii, skins

low energy scattering, break up
high energy cross sections

Binding energies (masses)

The coupling of loosely bound

nuclei to the continuum
g.s and ex. resonances in very

short lived b.s. (di-n and di-p decay)

Excited states of light nuclei
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description of
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and radii
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(b) Energies calculated
from G-matrix NN 1
+ 3N (A) forces
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Neutron Number (N)
See e.qg:
T. Otsuka et
Drip line al.PRL105(2010)
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pave the way to

many:body systems
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Light nuelei : resonances and the eoniinuum

Halo nuclei,
radii

Two nevutron
decay

Proton radii from

charge changing reaction
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Hoyle siaies '2C

Particular attention
to the problem

of alpha clustering
and of Hoyle states:

« 3 alpha decay
« Excited bands

« Form factors

Transition.density
from

elastic scattering

PRLT13(2014)102501— & Gipha
5 decay

LT T 7,68 Mev 00
12C - : , 0.2% direct
3 alpha cluster 2 e branching
5 s L CYRIC
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equilater triangle

data
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Great success for theory!
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Super heavy

beyond p drip line

Maria Goepper Mayer

Different excitation modes.
Their properties need for

descripfion: Far from stability - New shells -
Theoretical Configuration and new magic numbers
a e:)ochlﬁ:s interactions
PP . shell disappearance -
overlap > Density
and Funchich shell robustness
bridges need Theory
fo be built Dynami « Deformation- shape fransition
between .
them Shape coexistance

« Collective effects and particle
vibration coupling

« Pairing interaction



New Shell 6losuresN532&34 the Ca - Ni Region

The frontier: neutron-rich -

calcium isotopes

F. Wienholtz et al.,

Nature 498, ~geet” ¢
346 — mass }
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Quenching of shell , and rebusi shell elosure
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Deformaiion, colleciivilty

Evolution of collectivity- rapid shape transitions
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Super-heavy
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Around the barier
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Nuclear landscape and nucleosynthesis

The Big Bang created only Hydrogen and Helium.

All the other elements are created in a continuing
cosmic cycle which involves the birth, life and

death of starts

Stable nuclei

82

7]
c
o
2., Varivuos nucleo-synthesis
s processes in different
£ regions of the
Z nucleal chart !
— rp-process
20 Nuclei known —— [r-process
to exist — P-process
- neutron star processes
8 - Ssupernova cores
, r = S=process
8 82 126

Number of Neutrons
—_—



Reaciions - Cross seciion measuremenis for asirophysies
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measuremenis for asirophysies = via 7 -ray speciroscopy

MSU-GRETINA

PRL 113(2014)032502
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Nuclear Physics Laboratories around the world

+gamma beams
EURISOL 4 MW + RHIC and ALICE

HI-13/BRIF RSP NSCL Coupled

JYFL .
/SI FAIR <AL 100skW Cyclotorn Facility
GeV/u 50 kW RIKEN TRIUMF 50 kW 1kW/ FRIB

1\DRIBSII 400kW

ISAC | and |l ANL
. bR ( 10 kW ARIEEL=* cARIBU
Lanzhou CSR CRIB f‘\
oy iMw  Osaka RIBs / \
DGIhIHIR'A(‘gcut’taVECC Texas A&M FSU
"GANIL 2y &Yy Cegnaro SPES /TG . Upgrade """ 7 RESOFUT.
LISE/SPIRAL | CERN
SPIRAL2 | rex.isoLDE .
Themba HIE-ISOLDE . AN
LABS Catania ANU N RIBRAS
EXCYPT SOLEROO Siao Paulo

Magenta - In-flight production
Black - In-target (ISOL) production

Major upgrades and new facilities are under construction!



LNL : SPES- CYCLOTRON
for the production of radioactive beams

Main Parameters

Accelerator Cyclotron AVF 4 sectors

Type

Particle Protons (H- accelerated)
Energy Variable within 30-70 MeV
Max Current 750 pA (52 kW max beam
Accelerated power)

Available 2 beams at the same energy
Beams (upgrade to different energies)

Max Magnetic 1.6 Tesla
Field

RF frequency 56 MHz, 4™ harmonic mode

lon Source Multicusp H™ I=15 mA, Axial
Injection

Dimensions ®=4.5m, h=1.5m

Weight 150 tons

Cyclotron assembled and
operated with 700 pA at 1MeV




Applicatiions: in many fields

NuPECC
Applications in medicine get a great attention Report
% é\ 149Th: targeted alpha therapy.
e %% 2014 tests establishing safe
) % usability limits, e.g. kidney

[ damage

1>5Th: Very promising results
about the effect of Auger
electrons for therapy.
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Efforts in different directions

Interconnections
and mutual inspiration

Angela Bracco



My presentation addresses only few of the interesting results
Apologies.... Hope a flavor is givem for a very lively field!!
For this week we are looking forward for:

« Presentations of the interesting ongoing work

» Discussions for the future plans

+ Active participation of students and young researchers
7,

Many thanks to the organizers m) _(‘ /?,,?
| ot
and enjoy the NN2015 conferencel!




