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Why do we need
to improve
DCM-QGSM-SMM?

Advatages

* Description of residual nuclei (mult1)fragmentation

« Adequate (more or less) description particles yield at
NICA energies

Shortcomings (in central collisions)
« Smaller yield of light nucle1 coming from coalescence
* Enhanced yield of some species

« Softer momentum spectrum of some species



What do we need

to improve
DCM-QGSM-SMM?

* Improve the yield of light fragments

» Modification of hadron properties 1n a dense
nuclear matter

e Take into account nuclear deformation



Nuclear Deformation: Motivation

Deformation of colliding nuclei leads to increasing fluctuations of many
observables

« multiplicities,
 centrality estimation,
 reaction plane estimation
o flows,

For example, Multiplicity Fluctuations

Total multiolicity: N = im N, — number of sources
Otal MUTHPHELLY- N ~ """ m; - multiplicity from a single source
Mean multiplicity: ~ (N) = (N, }(m) Shapes of nuclei

(f Geometry of collision
2 2 2




Nuclear Deformation

* Nucleil are not spherically symmetric
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Nuclear Deformation
Theory

- Nuclear density

- Nuclear radius
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Nuclear Deformation
Quadrupole Deformation

Intrinsic deformation of spheroid

Qy = f 322 —r)d’T

Electric Quadrupole Deformation



Nuclear Deformation
Experiment

EM Quadrupole Moment

For nucle1 with spin J > 1

_J2J-1)
Q= (]+1)(2]+3)Q0




How to implement deformation into a nuclear
model?

Problem

« EMQ <<Q,, forexp. ForJ=3/2 Q,=10Q

*  We know nothing about the shape of neutron distributions!
Solution

The Model: SCQM + FCC (N.Cook, G.Musulmanbekov PAN,2008)
(Strongly Correlated Quark Model + Face-Centered-Cubic lattice)

1. allows to construct the nuclear structure that unifies the
features of liquid drop, cluster and shell models

demonstrate that all nuclei are intrinsically deformed

3. allows calculate the shapes of proton and neutron distributions
inside nuclei



Quark Arrangement inside Nucle1




Quark-Antiquark System

Constituent Quarks — Solitons

Quark-antiQuark = Breather Solution of Sine- Gordon equation

0 ,0"p(x,t)+sing(x,1) =0

Breather — oscillating soliton-antisoliton pair:

o(x,t),_ . = 4tan”’

0p(x,t), ..
Ox

¢('x9 t)s—as —

smh(ut/\/l u )

ucosh(x/\/l u )

Is identical to our quark-antiquark
system.




Breather — quark-antiquark pair
Meson

¢(x,7) e(x,?)



SCOM
Nucleon — 3-color quark system

SUB)color &< RGB



Nucleon

SU(3)...... - singlet

color



Interplay between constituent and current quark states
Chiral Symmetry Breaking <——> Restoration

(=0 t="T/4 t=T/2
X = X,0x x=0 X = = Xnax
Constituent quaks current quarks Constituent quarks

Asymptotic freedom

During the valence quarks oscillations:

B> - a1%%%>+ a, %%%QQ> T d; Q1Q2Q3g>+m



Two Nucleon System in SCQM

Selection rules for binding two quarks of
neighboring nucleons at a junction:

* SU3)c,1or — Of different colors
* SU(2)g1.00r — OF different flavors
* SU(3)gpi, — 0f parallel spins



Two Nucleon System in SCQM

Quark Potential Inside Nuclei



Quarks 1nside nucleus

www.Bandicam:com




Three Nucleon Systems in
SCQ
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The closed shell n = 0,

nucleus “He
’He + neutron or *H + proton

1 Junctures
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Binding Energy of Stable Nucle1

Experiment
Nucleus | Eg MeV | Numberof | Free Nuclear
oer quark loops | quark forces
junction ends

d 1.1 no 4 2-body
(attr. + repul.)

3H 2.83 1 3 2-body +
3-body (attr.)

3He 2.57 1 3 2-body +
3-body (attr.)

“He 7.07 4 0 2-body +
4-body (attr.)




Three Nucleon Systems in

Iy J G

3He — block

SCQM
‘H

Quark Loops
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Basic building blocks
of Nuclear Structure

3H — block




The closed shell n =1, 1°O

Shell Closure
Face of 160 octahedron




The closed shell n = 2, 4°Ca

Shell Closure

Faces of 40Ca octahedron




SCQM 2>FCC Lattice




SCQM -2 Nuclear Structure

Nucleon are located on the sites of face-centered cubic lattice.
Protons and neutrons are strongly correlated

Nucle1 with a closure shells has a shape of tetrahedron (s-shell)
and truncated tetrahadron/octahadron (p, d, f, ...-shells).

Nucleons are arranged 1n alternating (antiferromagnetic) spin,
1sospin layers.

SCQM leads to Face-Centered-Cubic (FCC) Lattice symmetry of
nuclear structure!



Face — Centered — Cubic Lattice Model
(FCC) ( )



FCC Lattice Model

Particle in 3D box
-(h*/2m)(d*F/dr) + V(r) W(r) = E ¥(1)
For harmonic oscillator potential cartesian coordinate system
E,; = hoog(ng + 1, + n, + 3/2) = hag(N + 3/2)

N=0.1.2, 3, ...

Different combinations of ny, ny and n, that give the same total N — value denote
spatially distinct ““ degenerate” states, with the same energy.

If the origin of the coordinate system is taken as the center of the central
tetrahedron, then the closure of each consecutive, symmetrical (x=y=z)
geometrical shell in the lattice composes precisely the numbers of nucleons in the
shells derived from the three-dimensional Schrodinger equation.



Face — Centered — Cubic Lattice

N=(x+y+z—3)/2 = (rsinfcos¢ + rsin@sing +rcos@ -3)/2
j=l+s=x+y—-1)/2=(rsinOcos¢ +rsinGsing—1)/2

m=x/2=(rsin@cos@) /2



A

Resume on Nucleus structure

Close link between the nodes of a lattice with quantum
numbers of Shell Model.

Nuclei possess crystal-like structure

Nucleon locations are arranged according to FCC lattice
All nucle1 are deformed, even with shell closure!
Nuclear deformations are multipolar



Model vs Experiment
Electric Quadrupole Moment

Model

__J(@2J-1)
m-Exp, -Model Q_(]+1)(2]+3)Q0




Charged(proton) Quadrupole Moments
Neutron Quadrupole Moments
Nuclear Matter Quadrupole Moments

Nuclear Deformation
Model vs Experiment

Nucleus C Al Ar Cu 15In 118Sp 131X e 197Au | 28Pb 209Bj 85y
Exp. 0 0.15 0 -0.21 0.8 0 -0.12 0.54 0 -0.37 4.9
Charged
Q Model 0.18 0 -0.02 0.7 0 -0.6 0.58 0 -0.26 4.7
Model
Charged Qo, -0.08 | 0.49 | 0.16 -0.1 1.28 0.32 -1.92 2.96 -0.34 -0.49 10.1
Neutron Qo -0.08 0. 0.64 0 -2.56 -0,32 0.72 -1.28 -5.42 -3.96 2.3
Matter Qo -0.16 | 0.49 | 0.80 -0,1 -1.28 0 -1.2 1.68 -5.76 -4.45 12.4




40 Ar



63 Cu



131Xe



207Pb






Thank you for your attention!



Resume on Nucleus structure

1. Quarks and nucleons 1nside nuclei are correlated.
Quark loops are building blocks of nuclear binding.

3. Close link between the nodes of a lattice with quantum
numbers of Shell Model.

4. Nuclei possess crystal-like structure:
— Nucleon centers are arranged according to FCC lattice
— Even-even nuclei are composed of virtual a-clusters
— Closed Shells = Octahedral Faces
— All nucle1 are deformed, even with shell closure!
— Nuclear deformations are multipolar

5. ‘Halo’ nuclei — fruits of quark-loop bindings
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