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Fizica teoretica si computationala, Matematici:

» Fizica teoretica - repere istorice

» Fizica teoretica si computationala, Matematici

» licenta, masterat, doctorat

» Fizica teoretica si computationala, Matematici

» cercetare
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Fizica teoretica - repere istorice

Serban Titeica: founder of Romanian Theoretical Physics School

Acad. Serban Titeica (1908-1985)

= Founder of the Romanian School of Theoretical Physics

= PhD student of the Nobel Prize winner Werner Heisenberg;
thesis entitled Uber die Widerstandsédnderung von Metallen im
Magnetfeld, published in Annalen der Physik (Leipzig)

» Articole Stiintifice collected by T.A. Marian, published in 2008
at the Publishing House of the Romanian Academy

LECTH] DE TERLA RUCLEVLUL ATOMIC
SERRAN TITEICH

ELEMENTE
MECANICA STATISTICA |

Courses on:
Thermodynamics,
Statistical Physics,
Atomic Physics,
Quantum Physics
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Fizica teoretica - repere istorice

Professor Valeriu Novacu (1909-1992)

= Corresponding Member of the Romanian Academy in 1948

= numerous courses cover quantum mechanics, electrodynamics,
elementary particle physics, etc.

ELEGTRODINAMIGA

Professor Mihai Gavrila
» Corresponding Member of the Romanian Academy since 1974
= PhD student of Serban Titeica; thesis on The Relativistic Theory of the
Photoelectric Effect published in 1959 in Phys. Rev. 113, 514 (1959);
this is the first article published by a Romanian author in this
prestigious scientific journal.
‘ = Mihai Gavrila's academic career was impressive, as he quickly passed
from Assistant Professor (in 1956) to Professor (in 1968).

Departamentul de Fizica teoretica, Matematici, Optica, Plasma, Laseri




Fizica teoretica - repere istorice

Academician loan-lovit Popescu

~ Professor Gheorghe Nenciu
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Member of the Romanian Academy

Rector of the University of Bucharest (1981-1989)
Scientific contributions from plasma physics and laser spectroscopy to
linguistics

S. Olariu and I.I. Popescu, The quantum effects of electromagnetic
fluxes, Reviews of Modern Physics 57, 2, 339-436 (1985)

Corresponding Member of the Romanian Academy since 2015
Outstanding theoretical physicist with contributions in statistical
mechanics, spectral theory for Schrodinger and Dirac operators,
adiabatic invariants in classical and quantum mechanics,

G. Nenciu, Dynamics of band electrons in electric and magnetic
fields..., Reviews of Modern Physics 63, 1, 91-128 (1991)).



Fizica teoretica - repere istorice

Professor Apolodor Raduta
= Universally acknowledged internationally for his research on nuclear
Nuclear structure using the theory of coherent states

Structure =  Widely recognized for his mentorship of several generations of nuclear

_E,Vt';{‘e?he’e”t scientists that he prepared for scientific research

Professor Viorica Florescu
=  Well known for her work on photon scattering, in particular the elastic
LECTI DE MECAMICA CLAMTICA scattering of photons by electrons at high energies and nonlinear

l . .
- . Compton scattering with laser pulses
B
<l

VIORICA FLORESCU

Professor Tudor Marian
it = outstanding results devoted to quantum information and technology
which had a major impact on the international scientific community.
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Fizica teoretica - repere istorice

Professor Constantin Vrejoiu

= Distinguished theoretical physicist who mentored
numerous students

= Contributions on electromagnetic multipoles

Professor Adrian Costescu

= Accomplished professor and mentor, well known for work on retardation and
multipole effects in Rayleigh scattering by hydrogen-like ions at low and X-ray
photon energies and

Professor Lucian Burlacu

= Accomplished professor and mentor, well known for work on new analytic forms
for the classical Bremsstrahlung angular distribution in the Coulomb case.
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Fizica teoretica si Matematici
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Matematica, Fizica teoretica si computationala
- studii de licenta -

Processing of Physical Data and
Numerical Methods /
Prelucrarea datelor fizice si
metode numerice

Simulation methods in physics /
Metode de simulare in Fizica
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Limbaje de programare

Methods and techniques of
presenting the results in
physics/ Metodesi tehnici

de prezentare a
rezultatelor in Fizica




Fizica teoretica - studii de licenta -

Numerical methods in quantum mechanics/
Metode numerice in mecanica cuantica
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Theoretical and Computational Physics/
Fizica teoretica si computationala
- studii de masterat -

Interaction of laser
radiation with matter

Introduction to quantum
theory of identical
particles

Quantum Simulation methods in
Statistical theoretical physics
Physics

Quantum information and
communication
Theory of nuclear systems
and photonuclear reactions
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Relativistic quantum
mechanics and Quantum
electrodynamics (QED)



Theoretical and Computational Physics/
Fizica teoretica si computationala
- studii de masterat -

Nonlinear dynamics, chaos, Introduction to gravity
physics of complex systems theory and cosmology

Theory of hadronic matter
Introduction to quantum

in extreme conditions and
theory of fields (QFT)

quark-gluon plasma
Computational methods in
modern/ high-energy physics
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Non-abelian gauge theories
and standard model (SM) of
elementary particles



Theoretical and Computational Physics/
Fizica teoretica si computationala

- studii de doctorat -

» Teze de doctorat - fizica teoretica si computationala

» Teze de doctorat in domenii emergente (e.g., informatie cuantica, calculatoare
cuantice)

» Teze de doctorat inter- si transdisciplinare (e.g., high performance computing,
statistica cutremurelor din Vrancea, fonostatistica limbii Romane)

= Teze de doctorat in colaborare cu marile grupuri experimentale (e.g., CERN)
= Access la infrastructura de calcul stiintific avansat de ultima generatie

= Teze de doctorat in co-tutela cu cercetatorii de la Institutele de Fizica de pe
Platforma Magurele
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Fizica teoretica si computationala (FTC)
- oportunitati in cariera -

institute nationale de

cercetare (IFIN-HH, IFTM,
INFLPR, ISS etc.

mari grupuri experimentale
(CERN, Fermilab, ELI-NP, Fair
etc.) si institute internationale
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Grupul de Fizica teoretica si matematici
- CERCETARE -
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Fizica teoretica si matematici - cercetare

Modelarea interactiei luminii cu materia
(subiecte de interes la ELI-NP)

Studiul sistemelor atomice in campuri intense laser, electrodinamica cuantica
Descrierea folosind modele de transport performante a luminii laser cu plasma
(high performance computing si metoda Particle-in-Cell, ecuatii Vlasov)
Proprietati ale luminii helicoidale, interactie cu clusteri metalici, plasma si nuclee

Modelarea sistemelor nucleare si subnucleare
(subiecte de interes la ELI-NP, CERN si FAIR)

detectors

Stari colective in sisteme cuantice, rezonante pigmeu si gigant

dipolare la ELI-NP

» Descrierea fuziunii si fragmentarii nucleelor in modele cinetice de
neechilibru

Dinamica expansiunii de cuarci si gluoni, ruperi spontane de simetrii
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Fizica teoretica si matematici - cercetare

Sisteme cuantice in interactie

= Analiza corelatiilor si informatiei cuantice
» Dinamica gazelor cuantice ultra-reci, miscari colective, condensarea Bose-Einstein
» Fenomene de pairing si clustering in sisteme mezoscopice si tranzitii de faza

Cosmologie si gravitatie

= Modelarea dinamicii universului in prezenta materiei si energiei intunecate
= Fluide clasice si relativiste

Dinamica neliniara, haos si fizica sistemelor complexe

Haos in sisteme clasice si cuantice
Proprietati statistice ale cutremurelor

Proprietatile statistice ale structurilor muzicale
Fonostatistica limbii romane
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Grupul de Fizica teoretica si matematici
- colaborari internationale (selectie) -

University of Pittsburgh .!ustu;-.lriela.ig- Université de
Universitat GieBen Montpellier
University of Catania Max-Planc.k-Ins.titut fur Johapnes .G.ytenl:)erg-
Kernphysik Heidelberg Universitat Mainz
Universitatea Universitatea
Sapienza din Roma Complutense din Madrid
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Université de
Lorraine-Metz



Interactia campului electromagnetic cu

sisteme atomice si subatomice

Se continua astfel cercetari stiintifice incepute inca de la sfarsitul anilor ’50, prin seria de articole si studii
fundamentale datorate Profesorilor M. Gavrila, V. Florescu si A. Costescu.

In prezent, sunt abordate o serie de teme stiintifice , obtinandu-se rezultate originale deosebit de valoroase care
au fost publicate in reviste stiintifice internationale si care se bucura de o larga apreciere cum ar fi

Efectul fotoelectric (ionizarea unui
atom prin absorbtia de radiatie)
(Prof. A. Costescu, Dr. C. Stoica)

Imprastierea Rayleigh (elastica)
a luminii pe sisteme atomice
(Prof. A. Costescu, Dr. C. Stoica)

hv

hv hv R

v

Tratare perturbativa (probabilitatea ca starea sistemului sa se schimbe in urma interactiei cu radiatia incidenta
este mica, proportionala cu intensitatea acesteia).

Formalism valabil pentru intensitati mici.
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Interactia campului electromagnetic cu

sisteme atomice si subatomice

Imprastierea inelastica a fotonilor pe
electroni relativisti — efect Compton invers.

Imprastierea Compton (inelastica) radiatiei , (Prof. V. Florescu, dr. M. Boca)
de intensitate joasa pe atomi \.e\

(Prof. V. Florescu)

hVD —_ < Q@
—_—
e
hv R
e
\ hv>> hv Daca intensitatea fasciculului incident e

foarte mare, e posibila interactia

simultana cu N ~ 1000 fotoni. Proces
nelinear, tratamentul pertubativ nu mai e
posibil

Cursurile si seminariile de Mecanica Cuantica Relativista, Electrodinamica Cuantica si Teoria Ciocnirilor de la Masteratul
de Fizica Teoretica si Computationala sustin din punct de vedere didactic pregatirea viitorilor cercetatori pentru abordarea
subiectelor deenumerate mai sus, precum si a altora, izvorite din necesitatea descrierii fenomenelor cele mai noi aparute in

fizica contemporana.

Departamentul de Fizica teoretica, Matematici, Optica, Plasma, Laseri



Imprastierea radiatiei laser intense pe

electroni legati si liberi

Activitati legate de procesul studiat:
=

e descrierea analitica a imprastierii G 12
radiatiei, in cadrul teoriei cuantice 2 2x10
nerelativiste, cu tratarea “exacta” a = 0
interactiei electron — camp laser © 6
incident 2 8x10

e dezvoltarea unor aproximatii si o
modele simple si observarea 4x10°
valabilitatii lor

e investigatii numerice (bazate pe

expresia amplitudinii de tranzitie) 17
privitoare la distributiile spectrala si ® (keV)
unghiulara ale fotonilor emisi.

Figura: ilustrarea unor profile Compton pentru imprastierea Compton
neliniara (a) cu absorbtia a doi fotoni, pe atom de Hidrogen, in
aproximatia impulsului. Comparatie cu imprastierea Compton liniara
(b) la frecventa laser dubla
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Fascicule laser “twisted”
in interactie cu electroni

100 150 200 100 200

05 IIII|IIII|IIIIIIIIIIIIII—
© _,
e e de ” .. .. . 0.25
Radiatie “twisted” (helicoidala): radiatie electromagnetica avand A [ .
proprietatea de <= 0 \jr\,'l, sol°
a transporta moment cinetic pe directia de propagare -0.25 10 30 14
-0.5 -
Interes dublu: fundamental, dar si aplicativ 1 ]
0.5
Obiective principale ale temei: > 0
L]
- - - - - _0'5
e descrierea fasciculelor electromagnetice de tip twisted (Laguerre- L | | | |
Gauss, Bessel ...) 100 150 200 100 150
) studierea miscarilor electronilor liberi / legati in interactie cu . st t et de ¢ fd_ _
. . . . . . . . lgura: nustreaza un eftect ae capcana Inamica, O
fascicule elicoidale in functie de parametrii acestora (amplitudine,  -ricuiaritate interesanta a miscarilor clasice ale
frecventa, durata) electronilor in planul transversal (coordonate x,y) la

investigarea transferului de moment cinetic de la fascicule de tip ~ directia de propagare a unui puls twisted - aici de tip
Laguerre-Gauss (LG), avand polarizatie quasi-liniara in

twisted la sisteme mecanice, in regim clasic sau cuantic lungul axei Ox. Pe durata pulsului laser, peste oscilatia

cu frecventa laser (vizibila in legea de miscare x(t)) se
suprapune o0 miscare de oscilatie a pozitiei medii a
electronului in planul transversal.
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Electrodinamica cuantica nelineara* in

campuri ultraintense

Efectul Compton nelinear simplu si multiplu - emisia
de fotoni de catre o particula incarcata ce trece ,
printr-un camp laser ultraintens - corectii instantanee -~
si de schimb |

Reactia radiatiei - o particula incarcata care emite radiatie sufera un recul care ii modifica
energla/ lmpulsul - paradoxurl n descnerea clas1ca descriere cuantlca dificila

)

Final Angle (mrad)
=)

Final Energy (M eV)

100 200 300 400 500 600 -
Final Energy (MeV) 10

Intensity, ag
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Electrodinamica cuantica nelineara* in

cémpuri ultrai ntense

Efectul Trident- la trecerea
printr-un camp laser ultraintens,
un electron produce o pereche
electron-pozitron -  corectii
instantanee si  de  schimb
importante pentru pulsuri
scurte, pentru cele lungi doar la
energii foarte mari

i 7 L =) Al ]
:.“', ] g =i = o=l b " A - J‘ __ .‘
[ ol 1 A df /_J \_K
o “ = i 7

i _1__Jf _l/,,,;,¥

— =

Birefringenta vidului si Crearea de perechl Bre1t Wheeler apar la trecerea unui foton printr-un camp laser

Efecte de
focalizare si puls
finit

50 100 50.0 100.0

X
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» Teoria informatiei clasice + Mecanica cuantica = Teoria Informatiei Cuantice

» Scopul: sa studieze metode de transmitere, manipulare si stocare a informatiei intr-un mod in care fizica clasica nu
reuseste, folosind principiile mecanicii cuantice.

» Domenii de cercetare in Teoria Informatiei Cuantice:

>

>
>
>

» In teoria clasica a informatiei se foloseste notiunea de bit, care joaca rolul de unitate de informatie clasica. Acesta
poate lua una dintre valorile 0 sau 1.

» Prin analogie cu bitul se introduce conceptul de QUBIT, adica quantum bit, ca unitate de informatie cuantica.
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Teoria informatiei cuantice

Algoritmi cuantici;
Calculatoare cuantice;
Inseparabilitatea ca o resursa fizica;

Procese: codificarea superdensa, criptografia cuantica, teleportarea cuantica, transferul inseparabilitatii



Teoria informatiei cuantice

* Un qubit este un sistem cuantic pentru care dimensiunea spatiului starilor este egala cu
doi:

|W>=a |0>+Db |1>.
Exemple:
(i) Particula cu spinul 1/2: |0>=|spin-up> si |1>=|spin-down>.
(if) Fotonul - polarizarea: |0>=|Horizontal> si |1>=|Vertical>.
(iii) Atom cu doua nivele: |0>=|Ground> si |1>=|Excited>.

0>

7 (> -i1) T (o+il>)

1>
Fig. Orice qubit este reprezentat de un punct pe sfera Bloch.
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Directii de cercetare in
teorii gravitationale moderne

Teoria gravitatiei

Dinamica materiei obscure
Dinamica energiei intunecate
Teorii scalare F(R), F(P), F(G)
Cuantificarea gravitatiei

0 - ]

-15-10-5 0 5 10 15
n
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Fluide clasice si relativiste

» Universul la scara mare poate fi descris ca un fluid
(omogen si) izotrop guvernat de ecuatiile lui Einstein.
Expansmnea volumica a acestui fluid este una
accelarata §. in schimb, vorticitatea sa are o valoare
masurata extrem de mica. Se exclud reciproc
expansiunea si vorticitatea (rotatia) acestui fluid ca o
consecinta a ecuatiilor lui Einstein? Intrebarea a fost
abordata pentru prima data de Godel (1950), iar astazi
inca nu cunoastem decat raspunsuri partiale (de ex.
pentru o ecuatie de stare liniara ce leaga presiunea p
de denSItatea de energie p a fluidului*). Raspunsul
definitiv ramane o provocare teoretica in domeniul
cosmologiei.

Rap — %R gy = lap
Top = (1 + plugity + pg,.

§& Premiul Nobel 2011 - Perlmutter, Riess & Schmidt
* Slobodeanu, R. (2014). Shear-free perfect fluids with linear equation of
state. Classical and Quantum Gravity, 31(12), 125012.
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Fluide clasice si relativiste

Solutiile de echilibru magnetohidrostatic intelese la ora
actuala prezinta o forma sau alta de simetrie.

Simetria acestor solutii este o necesitate? Cu alte cuvinte,
exista solutii asimetrice ale ecuatiilor de mai jos, solutii ce
ar putea descrie configuratii de echilibru” ale plasmei
magnetizate cu proprietati mai bune de confinement,
utilizabile pentru crearea de reactoare de fuziune?

Conjectura lui H. Grad, 1967

v . v Alaturat schita unui tokamak, dispozitiv pentru
( X B ) X B - p obtinerea de reactii controlate de fuziune nucleara,
ce exploateaza simetria axiala a solutiilor. Mai sus,
v . B — 0 un stelerator ce nu mai este rigid simetric, ci doar

L]

quasi-simetric

» Studiul dinamicii haotice in campuri Beltrami
(solutii stationare particulare numite force-free
pentru ecuatiile Euler de mai sus) ca propotip
pentru fenomenul de turbulenta.

Alaturat o sectiune Poincaré ce pemite vizualizarea liniilor de
curent ale unui astfel de camp. Zonele cu densitate uniforma
de puncte reprezinta traiectorii haotice. Celelalte puncte
confirma organizarea traiectoriilor pe toruri numite KAM.
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Teoria omogenizarii si aplicatii

(materiale compozite, medii poroase, biologie)

e Homogenization theory is concerned with the study of partial differential equations with rapidly ’:;}:.:c’
oscillating coefficients. It is a rigorous version of averaging in P.D.E.’s and represents an essential tool for 3_?".::.0
understanding the macroscopic properties of systems having a very complicated microscopic structure. I‘.‘.';’..’:
Homogenization can be sought of being the study of the relationships between the local structure of a z.‘g.sjz‘(
highly heterogeneous medium and its macroscopic behavior (a homogeneous medium). f; sl’ -
e Applications to: composite materials, elasticity problems, diffusion processes in porous media, physical

and biological sciences. Homogenization can justify both known and, also, new models arising as effective

limits of complex microscopic problems.

I. Negative Poisson ratio materials. Common materials compress vertically when elongated horizontally

(they have positive Poisson ratio). Homogenization theory predicted materials with negative Poisson ratio,

i.e. materials which fatten vertically when one stretches them horizontally. <—

e Examples of practical applications: the cork of a wine bottle or auxetic materials that can be used in the

design of transducers.
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Teoria omogenizarii si aplicatii

(materiale compozite, medii poroase, biologie)

I1. Negative effective thermal expansion materials (the material shrinks when heated). Such a material was
obtained for laminated structures, made up of stratified materials whose elastic and thermoelastic properties
are very different and vary only in one direction. A proper choice of the thickness of the alternating layers

leads to the contractile deformations of the composite in the cross-layer direction when heated.

Applications: designing materials with controlled thermal expansion properties. For instance,
one can design special dental fillings made of a mixture of materials with positive and negative
thermal expansion, such that the overall expansion is tailored to that of tooth enamel. This

phenomenon occurs also in complex metal oxides, polymers, and zeolites.

e One can mix a negative thermal expansion material with a normal one which expands when
heated. It is possible to design a zero expansion composite material.
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Fenomene de transport in studiul
plasmelor cuantice

w

Im x(w.q) Im x*"(w.q)
5 l 5 l
4 20 g4 - 2.0
3 1.5 3 1.5
2 19 2 1.0
o J ' los 05
Quantum vorticity i 0
0 1 2 3 4 0 0 1 2 3 4 0
> , w
- | - - O
) o | ‘ Approximations of L
e . ﬁfﬂ + V:," =0

. b 3 i®]

| &y *® i v 4 My, =0
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lle cascade in a quantum plasma: density, potential and vorticity Quantum hydrodynamic Models >



Fenomene de transport in studiul

plasmelor cuantice
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Rezonante pigmeu si gigant dipolare

Proprietatile acestor moduri, in special energia de excitare, sunt de

maxim interes experimental la ELI-NP
Studiul numeric al acestor moduri s-a realizat folosind metode particulei

test pentru ecuatia Vlasov, atingand 8000 de particule test pentru
fiecare nucleon. Acestea sunt cele mai precise rezultate numerice

existente cu cele mai multe particule test

E’;‘l'.
Neutron threshold

Protons

\_ Neutron Skin J=

Respo

Neu‘rmnv '

0 5 10 13 20 25 30
Excitation Energy

Departamentul de Fizica teoretica, Matematici, Optica, Plasma, Laseri




Rezonante pigmeu si gigant dipolare

4.4 . I I ' 15 T T I T |
= 10|
P}
= |
£
3.8 I
L | ! | L | ]
375 500 1000 1500 0
t(fm/c) P T S H U EN N (T R B B
2 4 6 8 10 12 14 16 18
E(MeV)
= Verificarea stabilit3tii metodei = Functia de raspuns a sistemului prezinta
numerice prin monitorizarea razei corespund pygmy dipole resonance
medii a sferelor de neutroni si protoni resonance L .
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doua maxime vizibile pentru
atomice (%8Ni, 78Nj)



Simulari de tip Particle-in-Cell

Field solver

0 B)n = —(V X E),
(01 E)ns1p = (VX B— Mo In+112

Field interpolation

E? = Z S(xp — Xi ) E; j(ic)
i.jeC
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Current/charge deposition

Ty =Y, SGiy— %),
peC

Particle pusher

Pn+172 — Pn-112

At =Q(E:+Bn)XBn

- Pn+172 — Pn-112

Un
MYn

Xn = AtO,

Simularile de tip particle
bazeaza pe
= rezolvarea ecuatiilor ce

ansambluri de particule f
privite ca particule indivi

\

o maniera selfconsistenta de
cupla dinamica particulelor
ecuatiile de camp



Rezultate simulari particle-in-cell. Tinte solide

Pseudocolor 50 Pseudocolor
Var: Parti /Ek/elegtrol Var: Particles/Ek/profon
Units: J Units: J
8.877e-11 1967e-11
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44%9e-11 9.833e-12
30+ 30
2219e-11 4916e-12
1224e-2 2.585e-220
Max: 8.877e-11 Max: 1967e-11
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-30 -30
40 -40
T T T T T T T T T T T T T T
-40 -30 -20 -10 [ 10 20 30 40 50 -40 -20 0 20 40
X (x10%-6 m) X (x10"-6 m)

= Energia cinetica a electronilor (stanga) si protonilor (dreapta) dupa interactia
unui puls laser cu profil gaussian, de durata 25 fs, lungime de unda 800 nm si
intensitate 1022 W/cm?, cu o tinta solida (plastic, n=40n,).

= Simularile sunt bidimensionale si au fost efectuate cu EPOCH

= Simularile au fost facute pe un domeniu de 2750 x 2750 celule
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Rezultate simulari particle-in-cell. Tinte gazoase

Pseudocolor

Pseudocolor

Var: D]srivgéi/Number_Densﬂy/electron Var: Derived/Number_Density/electron

Units: 1/m

—2.797e+24

1.877e+24
9.568e+23
3.682e+22

Max: 3.717e+24 <
Min: 3.682e+22

Units: 1/mA3

3717e+24 2.627e+24

—1.991e+24

1.354e+24 10
7.182e+23 5
8.200e+22

Max: 2.627e+24
Min: 8.200e+22 o

Y (x10%-6 m)

-5

-10

-10 o 10 A20 30 40 10 20 30 40 50 60
X (x10"-6 m) X (x10%-6 m)

Densitatea electronilor dintr-o tinta gazoasa (n=103n.) la doua momente de timp dupa interact
puls laser cu profil gaussian, de durata 25 fs, lungime de unda 800 nm si intensitate 10'® W/cm?
Tinta gazoasa este o plasma de He de densitate joasa, intr-un domeniu dreptunghiular de 60 p
um, de tip moving window

Protonii sunt mult mai grei, dinamica lor e neglijabila
in dreptunghiul de marcaj se observa aparitia jetului de electroni accelerati care se deple
plasma

Simularile sunt bidimensionale si au fost efectuate cu EPOCH
Simularile au fost facute pe un domeniu de 1500 x 300 celule
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Rezultate simulari particle-in-cell. Tinte gazoase

DB: 0017.sdf
Cycle: 1541  Time:1.70012e-13

Pseudocolor
Var: Derived/Charge_Density/electron
Units: C/mA3

0.000

—-5.228e+05

-1.0468+0¢
pr

>

-2.0
Max: 0.000
Min: -2 01 e

\\\\\\\\\

82

Fp= VE2

4muw?

Forta ponderomotoare
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Densitatea de sarcina dintr-o
tinta gazoasa

Tinta gazoasa este o plasma de
He de densitate joasa, intr-un
domeniu dreptunghiular de 60
um x 30 pm x 30 pym, de tip
moving window

Protonii sunt mult mai grei,
dinamica lor e neglijabila

in dreptunghiul de marcaj se
observa aparitia jetului de
electroni accelerati care se
deplaseaza prin plasma
Simularile sunt tridimensionale
si au fost efectuate cu EPOCH
Simularile au fost facute pe un
domeniu de 1500 x 300 x 30C
celule




Haos cuantic si clasic

Classical

A A B D
H = 5(P3+p§)+ 5(‘13 +43) + 590(393 —qp) + Z(q3+q§)2

Quantum
Hamiltonian

B 2 3
Hp=A (a;r]ag + agag) + 7 [ (Sa;r]a; + 3apaz — a;r] — ag)

2 2
+3 (agag + a;r]ag — agag - a;r] ag + 2aga£a2 + QaEr]a;az) ]

_|__

16
4 4 2 12

+(a$ +a3+a£ +a§+2a3 ag +2a[2]a%)].
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D 2 2 2 2
[6 (ag, ag + ag a%) +2 (agag + aI, a%) +8a$aga£a2

3 3 2 2
—|—4(a3a3+a3 ag+a;a3—|—a£ (IQ‘F(I%(IE(IQ—F(IE (112-(124‘(13(10(1%4‘(13(10(112- )

The Hamiltonian
describes the constrained
motion of the vibrational
quadrupole degrees of
freedom of nuclear
surface.

(2)



Haos cuantic si clasic

700

-10

0

The initial conditions generated on the
constant energy surface.
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All numerical simulations were done in Julia.

The ODE-solver was Verner9 which has good
energy conservancy and is faster than symplectic
integrators.

Lyapunov  exponent is computed using
DynamicalSystems.|l package written in Julia.

The codes are are publicly available at:

https://github.com/SebastianM-C/ Nuclear-surface-
vibrations/releases/tag/v1.0

Reference: S. Micluta-Campeanu, M.C. Raportaru,
A.l. Nicolin, V. Baran, Fingerprints of global
classical phase-space structure in quantum
spectra, Rom. Rep. Phys. 70, 105 (2018)


https://github.com/SebastianM-C/

Haos cuantic si clasic

Poincaré surface (B=0.55, E=350)
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Haos cuantic si clasic

Computationally troublesome to 12
compute due to the long integration o
times
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Fonostatistica limbii romane

= Frequency of consonant cluster of length two in the Romanian lexicon
(90.000+ words); the larger the bubble, the higher the occurrence
rate.

= There is a clear asymmetry with respect to the first diagonal, meaning
that the frequency rates of a given cluster and its inverse are
substantially different.

t—O o—— yo—0~ )
St O o o0 .
o O 0o o QO O C)
P © © 1 To understand this property let us look at
; ; o | the “tr” cluster which is more frequent than
N . - o the “rt” cluster, or, more clearly at the “st”
gf o o and “ts” ones. The first order of the
di ° ° 1 consonants, “st”, corresponds to one of the
dr O : . . .

N most important Romanian cluster, while “ts”
cf ° © o004 . T,
b . o — 1S 1nexistent.
b ¢ d f g I m n p r s t




Fonostatistica limbii romane

The distribution of the consonant clusters follows a scale-free-like
distribution. Taking P(k) as the probability that a given cluster appears in k
words, we observed that P(k) goes like kY where y=3.2.

This statistical behavior shows a striking resemblance to the so-called Zipf law

lﬂﬂ_ N ! ! | ! ! ! ! | ! ! III''''I"'""I""‘I""'I""'E

Probability
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Ce este

Tunelarea? y > !
-
® Care sunt interactiile ‘
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Ce sunt condensatale
Bose-Einstein?

TATE ' b :
RELMN‘ OGIE o - .A BlAcy
COSNOL HOLEs

MACROCOSMOS

Vom intelege gravitatia?



