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Schematic view of nuclear (experimental physics) today in Europe

From the theory point of view
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Challenges for nuclear reactions.

Richness and complexity of nuclear reaction
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Illustration of the role of reactions on fragment production

Nuclei at the frontiers
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Nuclear Physics today
Nuclei at the frontiers

Challenge 2: describe new
aspects far from stability.

in temperature

proton excess

Extremes...
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Nuclear physics today: a nuclear structure perspective
New shapes ) Emerg/n:% M'eno.fgqna and theoretical challenges
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Motivation for Exotic nuclei: understanding the sructure of nuclei

Emerging phenomena and theoretical challenges

Correlated Density
systems VS Functional
approach in and
~ Beyond mean-field
LBIQ Stable and exotic nuclei:
z He
H L mm) Mesoscopic open systems.

— Correlation effect are enhanced

mm) Strongly constrains the Interaction

In-medium interaction



Experiments with exotic nuclei
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Nuclear physics today

Starting point : Chiral Lagrangian

EQC’D _*»CEFT Z,Cﬁw—F[,WN—F[:NN—F“'

Feynman diagrams
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The ab-initio breakthrough

Epelbaum et al, arXiv:0811.1338
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» “Direct” link to QCD (chiral)
» Systematic Constructive method

» Consistent NN, 3N, 4N ...



Nuclear physics today
The ab-initio breakthrough: another challenge for reaction theory

constituent quarks
@ “Empirical” , Ab-initio
Input ASSEHON “less empirical”
- - P models :
baryons, mesons (EDF, ...) Input

Another Challenge for the next decade:

Difficulty: convergence and power counting Provide a consistent “ab-initio”
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Study of specific dynamical phenomena per se



Probe of long-range correlations with nuclear evolution

2n-transfer reactions

2n-break-up reactions

2 particle radoactivity




V(R) [MeV]

Illustration:

Description of particle transfer below the Coulomb barrier
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Theory versus experiments

Unrestricted simulation of collisions with superfluid

nuclei can now be performed (TDHFB, TDHF+BCS) |—®/{\' ‘
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Scamps et al, PRC 87 (2013).

Collision between two superfluid nuclei: new aspects due to gauge-angle orientation?
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Large amplitude collective motion:
Bridging to the low excitation (order) to high excitation regime (disorder)

Many-body treatment of internal disorder

From empirical to less-empirical
Microscopic theories
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Time-dependent description of fission
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Large amplitude collective motion:

Bridging to the low excitation (order) to high excitation regime (disorder)

Tanimura et al, PRL118, (2017)

Unification?

Boltzmann-g,

Adapted from

J. Randrup et al, NPA538 (92).
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New species production

Quasi-fission  Spectator/participant

Quasi-elastic Transfer fragmentation

Entrance channel
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New opportunites at FAIR

Example : 2C + 2C -> A, Z + K*O + X

HypHI program at GSI (from Saito et al
YPHI Prog ( ! ) Constraint on the Hyperon-Nucleon interaction
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Challenges for nuclear reactions

Richness and complexity of nuclear reaction
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RECOMMENDATIONS

The full
exploitation
of existing and
emerging
facilities

R&D
Prodrammes for
possible future
facilities

ALICE and
the heavy-ion
programme at the
LHC with the planned

NuPECC ' experimental
WulPECC Long Range Plan 2017 ' blidy o
Perspectives '

in Nuclear Physics ; [ completion

of the detector
AGATA in full
geometry

Vidorous
prodrammes
on nuclear
applications

The
construction,
augmentation
and exploitation of
Europe's world-

www.esf.org/fileadmin/user_upload/esf/Nupecc-LRP2017.pdf

ISOL Facilities

leading ISOL The
facilities training
of the next
generation
of nuclear

scientists

. - . .
FOR MORE INFORMATION couuc, .

s .
NUPECC .



1. HADRON PHYSICS

Third recommendation: Support for
theory and computing

Many of the major insights of recent years
have been gained by confronting increasingly
sophisticated theoretical tools with experimental 2. PROPERTIES OF STRONGLY INTERACTING MATTER AT EXTREME
data. The interplay between complementary CONDITIONS OF TEMPERATURE AND BARYON NUMBER DENSITY
theoretical approaches such as lattice QCD, —

effective field theories and functional methods

- Theory developments
has been a great asset for obtaining a deep

understanding of hadronic properties in terms * Theoretical work in the field of heavy-ion col-
of fundamental interactions. Further progress lisions should be guaranteed continuous sup-
depends cucially on the availability of large- port, both in its phenomenological aspects
scale computing facilities. We recommend (theoretical support needed to interpret the
that European computing laboratories receive results and to provide feedback to the exper-
the support that is necessary to provide an imental programme) and in its more ab initio
erwironment for internationally competitive works (quantum chromodynamics).

calculations in lattice QCD. e A close collaboration between theorists and

experimentalists should be encouraged and
nurtured, since most progress in heavy-ion
physics stems from a continuous exchange
between them.

3. NUCLEAR STRUCTURE
AND REACTION DYNAMICS

I
Support is needed for theory focusing on a
universal description of nuclear structure to
provide bridges between the ab-initio, shell
model and EDF methods. Effort should be made
to integrate reaction dynamics and nuclear
structure so that the input required for reaction
calculations is based on state-of-the-art structure
calculations. The challenge of interpreting the
extraordinary variety of nuclear data requires
expansion of the theory community in terms
of available manpower and also in available
computational resources. ; auscl EAR ASTROPHYSICS

We recommend support for ECT* at Trento to
continue its leading role training young re-
searchers in theoretical nuclear astrophysics.




Theory network within the ENSAR2 consortium

European Commission EU
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