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Extended resolvent and applications

Boiti, Pempinelli

Extended resolvent generalizes the classical resolvent of differential operators.

It can be used to study the nonlinear integrable evolution equations, as the

Kadomtsev-Petviashvili | and Il equations
N solitons with N incoming rays and one outgoing ray
Complete description of the Jost solutions

Solution of the IVP for KPII

@ M. Boiti et al, Theor. Math. Phys., 159: 721733 (2009)

@ M. Boiti et al, Theor. Math. Phys., 165: 1237-1255 (2010)
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(i — Guty, + Uzyzy2q )2y, = —BUpyzy,

u' () = u(z) — 26)12,1 log det(En, + Fec

. elag—bi)(z1+(ag+bi)ws2)
o Fij(a) = —————

g+

a; — b

) +

Study of the Davey-Stewartson Equation
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Singular Sector of Hydrodynamical type Systems

Konopelchenko

Singular sector of the classical one-layer Benney system

dispersionless Toda equation and large N limit Hermitian Random Matrix Model
dispersionless KdV and Hermitian Random Matrix Model

Hermitian Random Matrix Model and Euler-Poisson-Darboux equation

Gradient Catastrophe and Thom's Catastrophe

A Instability of vortex filament by dispersionless da Rios system
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Algebro-Geometric structure in Sato-Grassmannians

Konopelchenko

Algebraic varieties and curves in Birkhoff strata of Sato Grassmannian

Isomorphism among co-dim associative algebras and algebraic curves in Birkhoff

strata
Regularization of degenerate algebraic curves.
Harrison's cohomology of algebraic varieties.
Deformations of hyperelliptic curves and the dispersionless KP hyerarchy.

[@ The Yano-Ako system and the Frobenius manifold theory.
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B G Konopelchenko and G Ortenzi, J. Phys. A: Math. Theor. 42 (2009) 415207

B. G. Konopelchenko, Theoretical and Mathematical Physics, 159(3): 842852
(2009)

B G Konopelchenko, J. Phys. A: Math. Theor. 42 (2009) 454003

B Konopelchenko,J. Phys. A: Math. Theor. 42 (2009) 095201

B Konopelchenko, L Martinez Alonso and E Medina, J. Phys. A: Math. Theor.
43 (2010) 434020
B G Konopelchenko and G Ortenzi, J. Phys. A: Math. Theor. 43 (2010) 195204

B Konopelchenko, L Martinez Alonso and E Medina, Physics Letters A 375
(2011) 867872
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L Landolfi

Simmetries and Entanglement in Quantum Systems

Landolfi

Entanglement in continuous solvable models. Witness observables.
Darboux transformations to quadratic Hamiltonians

Spectral properties of the Weyl-ordered operators involving powers of position

and momentum and their eigenfunctions
Observables canonically conjugated to the Hamiltonians.

Stationary position-momentum correlated states of time-dependent

hamiltonians.
Generalized heterodyne detection for linear multimode fields.

Decoherence phenomena for non-autonomous quantum systems
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@ M. Gianfreda,. G. Landolfi and M. G. A. Paris, Theor. Math. Phys., 160(1):
925932 (2009)
@ M. Gianfreda,. G. Landolfi, Theor. Math. Phys. (in press)

@ M. Gianfreda,. G. Landolfi:Spectral problem for Weyl-ordered form of operators,
preprint 2011

@ M. Gianfreda,. G. Landolfi:On the feasibility and robustness of steady
position-momentum correlations for time-dependent quadratic systems, preprint
2011

@ L. Martina , G. Ruggeri, G. Soliani : Correlation Energy and Entanglement Gap
in Continuous Models, Int. J. Quant. Inf. 6, n. 3 (2011), 766
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L Prinari

Inverse Scattering Transform: extensions and Applications

(o co I ~ I > I =~

IST for defocusing V-NLS equation with nonvanishing boundary conditions.
Dark-dark and dark-bright soliton interaction for 2-NLS.

Asymptotic states for solitons of the 2-NLS equation, to be generalized to

N-components case.

NLS in non euclidean spaces

IST for discretized NLS

Algebraic methods for NLS with nontrivial boundary conditions.
Dispersive shock waves and NLS with discontinuous initial data.
IST for coupled Maxwell - Bloch systems

Analysis of a nonlinear nonlocal ODE system modeling the performance and

rlinical anteame Af an eviering medical ward
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[§ B. Prinari, G. Biondini, and A. D. Trubatch:/nverse Scattering
Transtform for the Multi-Component Nonlinear Schr”odinger
Equation with Nonzero Boundary Conditions, Studies in
Applied Math. 126 (2011) 245-302.

[ M. Lo Schiavo, B. Prinari, A.V. Serio,Mathematical modeling
of quality in a medical structure: a case study, Math. Comp.
Mod. 2011 (in press)

[d G. Dean, T. Klotz, B. Prinari, F. Vitale: Dark-dark and
dark-bright soliton interactions in the two-component
defocusing nonlinear Schrédinger equation, preprint 2011.

iq, = q.. —20]lql’q
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Chaotic systems and applications

Renna

Qualitative behavior of a periodically kicked mechanical oscillator, with damping.

Numerical analysis with (i) sinusoidal and (ii) Gaussian pulses

Forcing symmetry and resonance symmetry dominance

The mechanisms of diseases spread by a SIRS model with a variable population
size

The mechanisms of diseases spread by a SIRS model with seasonal variability

[@ Climate change detection by use of bayesian approaches.

[§ L. Renna, F. Paladini, Theor. Math. Phys. 168 (2011)
1010-1019
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Symmetries in Nonlinear models

Symmetries and solutions for the infrared limit of the pure Yang-Mills theory

and the generalized 2-components Ginzburg-Landau Model
Symmetries for Dynamics in Non-Commutative Spaces and Generalizations

Symmetries of continuous and discrete Surfaces in Lie Algebras
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L. M., A. Protogenov, V. Verbus, Theor. Math Phys. (2008)

L. M., A. Protogenov, V. Verbus, J. Nonlinear Math. Phys. 15, 343-351 (2008)
L. M., A. Protogenov, V. Verbus, Theor. Math. Phys. 160, n. (2009), 1058

L. M., A. Protogenov, V. Verbus, Theor. Math. Phys. 167(3)(2011), 843855
L.M. G. Martone, S. Zykov: Studies on the pure Yang-Mills model, in preparation
P. A. Horvathy, L. M., P. C. Stichel, SIGMA 6 (2010) 060, P. Aschieri et al.
ed.s Noncommutative Spaces and Fields

L. M., Theor. Math. Phys. 167 (3) (2011), 816825, arXiv:1011.3545

A.M. Grundland, L.M.:Symmetries of the CPN=1 model and the continuous

deformations of their associated Surfaces, in preparation
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The pure Yang-Mills theory

Pure SU(2) Yang-Mills - No Matter

SZ/F/\*F,

F=A+ANA, A= -T?A (x)x!, T?e€su(2)
*F+AANKF —xFANA=0, F+AANF-FAA=0.
local gauge invarianceA — VAV~ 4+ W™V € SU(2)

1 1
F =5 T2 (0045 = 0,80+ FPEABAC) X Ax” = 5 T2Fl, X" AX".
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Spin-Charge Separation
Uc(l)  Al— (A, XF), XF=ALxA, A=A

X =rea+1ts, Xy = (X)) =via+ e, ee, =0, €8 = 1.
Pas = 5 (103" = 02" ) (a2 — es5).

Ui(1) — inner symmetrye, — e e,, 1 — My, o — e M.
_ _ _ Lo . . 1
pi = = (es& — ei&s), gi = S€ijk€j€k, p-g=0, \P|2 + |¢7|2 =7
2 2 4
Zop 1, 1 X 1" — |2 S
ng =" Sy, 0o =T ey, mg = 4] 2|1/J | L
P P P
LN 20,8
Co= Coot Oun = sty = —2(d| (K xT-0.6) = -
p

>
o
\1
\-cu
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Quantizing in background

Path-Integral Quantization Faddeev-Popov gauge fixing

/DAS[A] = </Da> /DAS[A]zS[G[A]] det (%).

InfraRed limit : Classical background + Quantum fluctuations
XE o XEF+XE, A, — A+ A,

g.—f. LUc() GIA] =D}, (X +XF) - ¢,

1 1 1 &\ 2 o -,
Lym = Z]:azb + > (aap)z + épz (Df"> +p [(aap)z + (6a‘7)2]
2
p a 2 A \2 1 2 2 3 2 3
+ 5 (n+ (028b)" + n— (Da8p) ) + 3P Ji+ 3 (1—n3)p* - §p47
Fas = (ads— Opda) + % ii-DE7 x DEA — ns (aa(”:,, - a,,é,.,) — 2pnsHab

b = (VDS — enDSYT +iDEs — vaDGs )
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Uc(1) x Ug(1) -Invariant Fields

i — O(3) - nonlinear ¢ model

(P, G) — G (4, 2)-nonlinear o model
Interaction terms: T*19§% x T*01§2 — R
Static Limit

1 1 1 & 2
Hstatica = 1}—3 + 5 (3,'/))2 + §p2 (D,- n) + —-p
2

N { [(m—7)-a]" 0 [(m

1 3
+ 500 45 (L =nd) et — 2o

Fij = 6iJj — 0jdi +

()
+ /N
L R
~

. ~—~

[S)

> - D,véﬁ X Djéﬁ-‘r n3 (7 8,'7>< 8]7— p2€ijklk>

pER; 4-v.-f J, €R;2independent comp.s i € R, A2 =1, 4 comp.s &,
m London Limit p — A,

4(1_ 2
AA(l 3) M

4 L[5 D x D - 2m (0,5 — 05C5)] .
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Reductions of the static pure Yang-Mills Model

L.M., G. Martone (2011)

m 77 #cost, p=A =cost e J, =0,

A2 o 2 1 S a = PR 2 2 3 4 2
L:?(dan) +R(n~dan><dbn—4A n3H,p) _§A n2; (2a)

[ ] ﬁ:é‘:cost,p;écosteJa;éO,

1 1 1
L= n (Badp — Opda — 2szab)2 +3 (0ap)® + 59213 - §P4? (2b)

m 77 # cost, p= A = cost e J, # 0, (Current States)

1 1 2
L= 7 (8adp — OpJa) + 5 (7 - 927 x Bpii) — 20203 H,,,
(2¢)
A2 A2 3
+ - 24 5 (8a7)% — A A*n3.
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The Skyrme Faddeev- Model

@ T. H. R. Skyrme, Proc. R. Soc. Lond. A 260 (1961), 127; Nucl. Phys. 31
(1962), 556.
@ L. Faddeev, Quantisation of Solitons, preprint IAS Print-75-QS70, 1975

E ] = /R {(aaﬁf + (; (7 - D7 abﬁ)>2}3x,

x = Ax = (0,7)%3x — /\/ (9,7)% 3x
R3 R3

/ (7 - 0,7 x Bpi)*3x  — /\—1/ (7- 0,7 x Bpi)*3x = A =1
R3 R3

937 — (0aFap) (7 x Opit) = (7 - O37) 7.
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The Hopf Charge: hopfions

lﬁl|im A(X) = oo = (0,0,1) & 7:S* = §?
X|—00

The Hopf Invariant N [7] € m3 (S?) =

H =3 (7 0ail X Opil) xa A xp is cIosed H=0

H?(S*) ={0} = A=Ax, : H=

N [7] = /”HAA

n + np =(M=1%) §in @, n3 = cos © =T, S

C

.\’

xS
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The energy bound

Efd > cIN[@P*, ¢~ (3/16)*°
A. F. Vakulenko, L. V. Kapitansky, Sov. Phys. Dokl. 24 (1979), 433
A. Kundu e Y. P. Rybakov, J. Phys. A 15 (1982), 269
R. S. Ward, Nonlinearity 12 (1999), 241
M. F. Atiyah e N. S. Manton, Phys. Lett. A 222 (1989), 438
L. D. Faddeev e A. J. Niemi, Nature 387 (1997), 58.

R. Battye e P. Sutcliffe, Proc. Roy. Soc. London A 455 (1999), 4305;Phys. Rev.
Lett. 81 (1998), 4798; J. Hietarinta e P. Salo, Phys. Lett. B 451 (1999), 60.

P. Sutcliffe, Proc. R. Soc. A 463 (2007), 3001
|

vortices of higher topological charge are metastable configurations
N =T Trefoil Knot configurations

A 1 0 1 1 1
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Stereographic form of the Skyrme-Faddeev model

2 > wtw i(w=w) 1-—ww — mitm
5 Cin= (W|7v+1’ ww—+1 WV|_/+1> w = 1—n3

_ > i o 8i0iw O; N )\Zij:o,iq gi g (Oiw 0 — Ojw ;)
812 (14 w)? 1672 (1 + w)* '
U:(W,) U, =0;U, U,'J:a,'ajU.
> KylU,Up,...,Us] Uj = Ko [U, Ug,.., Us] = 0
0<i<j<3
Ki= & {05 [(1+2UM0) %00+ 305 (1— )@l ® U] - A (1 - 85) AgiU @ Uy}

Ko = {(1 +3UTU) AB Yoo /381U @ Uy — H;ﬁ 2 o<i<m<3 818m [ACU ® Um]z} u

Lie-point Symmetry Group R* ® SO (3,1) ® SO (3)
— Lagrangian Symmetries
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Hedgehog Solutions
symm. 1D s.alg. vV =1(x0y — yOx) + a(wdy, — 0) =
w = e'*? (cot[f] + v cot[x (r)] csc[d])
i-d = Ui -5) Ut
U=exp[x(r)7 (W, ¢)-a] = cosx(r)!+sinx(r)v(9, p) -7
7 (9, ¢) = (sin (m) cos (np) , sin (md) sin (ny) , cos (m}))

167 - ) } sin? .
ElX] peppe1 = TA . {(r2 +2smzx) Y2 4+ 2sin®y + F2X} F

"
(?2 + 25sin® X) X" +sin 2y X% + 2Fy’ — sin 2y (1 + 5"12X> =0
7

F=(1/2)Ar X (0) =7 and x (c0) =0
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Hedgehog Solutions

g (F) =sin Xg).
(8g4_8g2_":2) (g2_1)g/l+g[8g2 (g2_2) +F2+8]g/2

2g (2% — 1) (g2 — 1)° (4g* — 4g% — 72
(1) - 2878 ;2)(g £-")_,

NO Painlevé
Approximated solutions by rational f.

(r) 1+ ai7 + aoF?
r pr—
Erat 1+ a17 + byP2 + b3 + byt

a1 =0.216, ap=0.230, by =0.752, b3 = —0.018, by =0.302,
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Hedgehog Profile

X0

301\
\

05

Figura: Blu : numerical solution. Green: x,,; = 2arcsin g,5:- Red: test
Xp-function. Orange: Atiyah - Manton test function. Length unity 2A~!
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Hedgehog Shape

Figura: Hedgehog N=1 level surfaces n3 = 0.9 e n3 = —0.9. Color
= Hue[arctan (ny/ny)]
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Rational Maps Ansatz

i:s3—-5%— $2xS 5 52
! 0
CP! <z =tan[0/2] e'? — w(z,r)
w e SO (3)
On the sphere ws (z) = i?z'g laf2 + |82 = 1
In inner A or w-space & wT (w) = 41‘%’;3, V2 + 62 =1

symmetric map w (ws (2)) = wt (w (2))
R(z): CP* — CP!, deg(R) = N 2-dim + 2-dim Irreducible representations of the
SO(3) subgroups (Platonic symm) — Klein Polynomials

F. Klein,Lectures on the Icosahedron,(London, Kegan Paul, 1913)
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Rational Maps Ansatz

D’R:ﬁ(R—I—R’,—’L(R—R’),l—\RP) Ur = exp[x (r) g - 7]

16
E[X]R—Tﬂ-A {(r +2BRsm X)X +2BR5|n X—f—lem X}r
_ 14212 | dR \° 2idz dz
Br= N o (ril 1) e
= <1+\Z\2 )4 Ndz dz
clrelal) Gigey
Rp = 2° , Rt —V/3uz — 2'42V3ui 41 _ 21257721

f@zz U0 T oz Y T 274572241
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Rational Maps Ansatz
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Conclusions and open problems

m 2¢-GL model in Condensed Matter and Pure Yang- Mills in
intermediate energies are relevant

Reduce to similar equations: Skyrme-Faddeev model
Localized perturbations are Knotted Vortices

Knotted Vortices are stabilized by Hopf index

Current states possess different energy bounds

Approximate solutions can be found in the axisymmetric

setting and/or in the rational map ansatz

m Higher symmetries (if any) are unknown

m Reduction/ modification to integrable systems is unknown (not
even in 2D)

m Interaction among hopfions is under considerations by

numericals and by lattice toroidal moment models

(Protogenov,Verbus)
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Dynamics in Non-Commutative Spaces and Generalizations

[§ V. Bargmann
On Unitary ray representations of continuous groups
Ann. Math. 59 (1954) 1.

¥ J.-M. Lévy-Leblond
(2—|—1)D [K]_./KQ:I:I.FL
Group Theory and Applications, Loebl Ed. (1972)
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The “Exotic” Galilean symmetry

Can Physics carry “exotic” structure ?

Kirillov - Konstant - Souriau method of the Group Coadjoint
Orbits

B



Nonlinear Systems: Theory and Applications LE41 2011/'12

I—Dynamics in Non-Commutative Spaces and Generalizations

The “Exotic” Galilean symmetry

Can Physics carry “exotic” structure ?

Kirillov - Konstant - Souriau method of the Group Coadjoint
Orbits

Acceleration-dependent Lagrangian

B
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The “Exotic” Galilean symmetry

Can Physics carry “exotic” structure ?

Kirillov - Konstant - Souriau method of the Group Coadjoint
Orbits

Acceleration-dependent Lagrangian

[4 A. Ballesteros et al.
Moyal quantization of 2 + 1 dimensional Galilean systems
Journ. Math. Phys. 33, 3379 (1992).

B
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The “Exotic” Galilean symmetry

Can Physics carry “exotic” structure ?

Kirillov - Konstant - Souriau method of the Group Coadjoint
Orbits

Acceleration-dependent Lagrangian

[4 A. Ballesteros et al.
Moyal quantization of 2 + 1 dimensional Galilean systems
Journ. Math. Phys. 33, 3379 (1992).

[ D.R. Grigore
Transitive symplectic manifolds in 1 + 2 dimensions
Journ. Math. Phys. 37, 240 (1996).
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The “Exotic” Galilean symmetry

Can Physics carry “exotic” structure ?

Kirillov - Konstant - Souriau method of the Group Coadjoint
Orbits

Acceleration-dependent Lagrangian

3] C. Duval, P. A. Horvathy
The Exotic Galilei group and the Peierls substitution
Phys. Lett. B 479, 284 (2000).

B
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The “Exotic” Galilean symmetry

Can Physics carry “exotic” structure ?

Kirillov - Konstant - Souriau method of the Group Coadjoint
Orbits

Acceleration-dependent Lagrangian

3] C. Duval, P. A. Horvathy
The Exotic Galilei group and the Peierls substitution
Phys. Lett. B 479, 284 (2000).

[4 J. Lukierski et al.
Galilean-invariant (2 + 1)-dimensional models with a
Chern-Simons-like term and d = 2 noncommutative geometry

Annals of Physics (N. Y.) 260, 224 (1997).
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LThe Duval - Horvathy Model

The Duval - Horvathy Model

Q=Q¢+eBdg Ndgo, H=Hy+ eV
B=B(xt), V=V(t)

DH-model

m*x; = p;—embe;E;, anomalous velocity
pi = eEi+eB €jjxj  Lorentz F.
m* = m(l— efB) effective mass

Poisson Structure

m m m
{x1, %} = 0 {xi,pj} = — % {p1,p2} = e
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LThe Duval - Horvathy Model

Coupling to an external E.M. field

Cartan . . N B? e
I-form A= (pl —A; )Xm T om dt + 2 €jj Pi dpj
Lagrange 2 — form o = d\ o(y,-)=0

4 = [r= [G@F-HE & [e=®A), T=(ni)C TR xR]
Y Y
oL aL \ . [
£ /:YBVidx +(L—8Viv,> dtf/tl Ldt

=1, HY, (6.6} =|(0efs— )|

y

1 PN Constrained Symplectic

*
m°—0&
eB., System reduction
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|—The Duval - Horvathy Model

The Symplectic Reduction

= —
Q=x+—p— —eiipj» Pi = \ P 5

(m*—0) A=£(Q)dQ' - H(0,5)

oH pi E; .
. = — =¢&j Hall’

op 0= =i B, all’s motions

oH
_ _E
0Q!
{Q1, @} = L 9, H=V (@) (Peierl’s subst.)
eBer
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Quantization and Anyons

z:@(oﬁi@)—ip%ﬂ dz A dz + dw A dw
VB ; :P1—iP> QK =
w =% (Q1—iQ) — =7 2
Bargmann - Fock w.f. 1/} — f (27 W) exp [_ ZZEWW}

m*~0 and Wf=0=V="Ff(z)e &
ANYONS at the Lowest Landau Level

[§ R. B. Laughlin
Phys.Rev.Lett. 50 ,1395(1983)
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General noncommutative mechanics

L = pix; + ,Z\I.()‘<'7 p)pi — H(p, X)
{xi,x} = ;B (é = exeDp, Ae(%, 5)) » i iy = 03y {pipj} =0

~ Commutative
Xi — qi = X; — A,'(X,,D) Coordinates

R i d -~
pixi + Aipi = pigi + E(Aipi)
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|—Examples
= A; = A;(p),
(x5, x} = GB(B) {pi,pj} =0 DH model
{xi, pj} = &ij Berry phase in momentum space

4 fPD)ey
w A = ()R- ppy, U9} T T kP
{Xi;Pi} = Oij + 157 sy f(zp,) > DiPj
—p2f(p?)
0

) f=—"_
) 1+ p20

@ H.S. Snyder, Phys. Rev. 71, 38 (1947)
2) f — 00, H=rklIn(p?/2)

5;:p% —2p; p;
2 G, p;j} = L——1,

Conserved q. G; = pjt + ix,- {Gi, pi} o
2 {(H, G} =pi, {Gi,Gj}=0

r-deformed Galilei algebra {H, p;, J, G;}
@ de Azcarraga et al. J. Math. Phys. 36, 6879 (1995)



Nonlinear Systems: Theory and Applications LE41 2011/'12
L General noncommutative mechanics

|—Physical origin of the exotic structure

Group Coadjoint Orbit SO (2,1)

S apyPadps A dpy

Q, = dpa ANdx®* + € TOUE
H, = L (p — m2c2)
r 2m

[§ L. Fehér, Ph. D. Thesis (1987);

[§ Skagerstam , Stern, Int. Journ. Mod. Phys. A 5, 1575 (1990)
Lorentz alg. J, = €upx"p’ +s—= Pu {Je, Jﬁ} - eaﬁvJ%

Y

Jackiw-Nair limit s/c2 — m?0
c— 0 H —0

—>Qo

r
H,=0

E“ — Ki = mx; — pjt + mbej;
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Minimal substitution/addition

minimal addition for NC variables - Souriau method

DH - model LpH—em = Lpn + € (Aix; + Ag)

local gauge T. Au(X t) = Au(X, t) + 0uN(X, t)

Gauge Invariance LpH—em — LDH—em + %/\
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Minimal substitution/addition

minimal addition for NC variables - Souriau method

DH - model LpH—em = Lpn + € (Aix; + Ag)

local gauge T. Au(X t) = Au(X, t) + 0uN(X, t)

Gauge Invariance LpH—em — LDH—em + %/\

minimal substitution for NC variables

Lot = P,'X,' + g&,'jP;Pj = %(P,' = 612\,')2 aF eZ\o
SALX, 1) = A (X +6X,t) - AuX,t) = .N(X, 1)
(5X,' = 7696,’1'(91'/\, 5P, = 6(9,'/\

= 5Zext = e% (/\ + géf,la,/\ pj)



oA (X, 1) = AL(X,t) = Au(X,t) = BuA(X, t) + efAu(X, £), A(X, 1)}
B = 0,A —0,A,+e {Zx“, 2\,,} ({X:, Xi} 57 = 005)

[§ R. Jackiw,Phys.Rev.Lett.41(1978) 1635

LSZ - DH correspondence

(Xi, Pi)Lsz) < (xi, pi)(oH), 2”(7 t) = (7’ t)
xi = Xi + 696,'_,'2](7, t), pi = Pi — eA; 7, t
3 =0 = dox; = e{xi,\}
0 ; B(X.1)
{Xiyxi}DH:TB(X—*’t)7 & B(X,t)= m
Fu (%, t) = %

classical (*pjopar — ) Seiberg-Witten transformation
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Non canonical systems in 3D

r= af{;'((k) —k x O(k), k=—eE—efxB(r) (Bloch electron)
. aEs(k) ) a y 2 .
F= +k x 6, k = —eE, (Spin-Hall effect)
h2 ) 7\ k 1 .3
Es(k)—2m (A— Bs?) k?, 6 —s<2s —2> et s=45.45
r=p-— S grad(=) x p, B = —n’w?grad(=), (Optical Magnus)
w
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Lagrange-Souriau 2-form

1 B2
2D) ODH = dp,'/\dXH—EQ €jj dpi/\dpj+eB dxy ANdxo+d <§ + eV) Adt
m

3D)o = [(1—pi)dpi —eE; dt] A(dr; — g dt) + L e By ey dri Adr;
1Kk €kij dpi A dpj + Qi €xjj dri A dp;

only gauge invariant quantities

closure condition do =0 ( Maxwell’s principle)
Kernel condition o (dy, ) =0, oy = (07, 0p, dt)
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Dual Maxwell Laws

OpEj = 0p,Bj =0
0, B; =0, ekijOr, Ej = —0¢ Bk,
Ip;kj = 0, €kijOp; [(1 = 115) gj] = Ockix,
Oepti = 0y [(1 — i) &il s€iij O [(1— 1) &1] = Or
O 1j = €ijkOr; i, Onkj = €jjkOp, i + Op; qj — 6;i0p, qk
O [(1 = i) &l + 0, [(1 — 1) gi] = 0 i#j=123

O (Z ,u,-) + 0, [(1 — pi) gi] = 0 mass conservation

ki = > zi (r0p;qi (P) — ri0p;4j (B)) + xi (P)
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Equation of Motion

o(dy,")=0 &y = (0ri,dpi,0t)

M*F = ((1 — diag (1)) & +e KM~ E')
. e
~ det (M)

M*5 (RE-g7NE)

M* = M+ (2 (e gx) —e OMB) , M =1 —diag (i) — (ejjx q«)
©j = e€jikkk, Bij = €jjkBx, det (M) # 0
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Hamiltonian Structure

HA=0R=0=0=w—dHAdt dw =0,
H=E(p.t)+p(F 1)

— 1
w:wagdga/\dfﬁ:(5,-,j+:,-j)dr,-/\dpj+E[B,-jdr,-/\drjfe),-jdp,-/\dpj]

e xae299)

{( @+£)E,@] —5+0[E,B] > +[1-ir (22 +B0O)] ( _01 (1) >

<_( 0 (Z2+x0)"

=*+B9) 0 ’
Vdet (wap) =1—3Tr (22 +B(1+23)0) #0
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Monopole in Momentum Space

k
0= Gﬁ (k #0)
A. Bérard, H. Mohrbach Phys. Rev.(2004)
0, E=E&, en(k)=k2/2

~

((t) = x(t)ko + y(DE + z(t)i,  koLE, i = k/F

[§ Fang et al.Science 302, 92 (2003)
Perovskite structure:SrRuO3;, AHE, Rashba-Dresselhaus spin-orbit

Hamiltonian
H=> fi(k)o
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Charge in Magnetic and Dual Monopole

. ri 3
M = <Pi—€0_»l_,3> \r\3\p|3,
18|71
M*p;i = eciupjrdlBl®
M* = |7P|p]> —e0 7B

@ D.J. P. Morris et al. Science 326, 411 (2009)
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Conclusions and Outlook

m Generalized models of noncommutative mechanics can be considered

m Quantization of the exotic models allows to identify the classical
analogs of the Anyons

m The second central extension can be considered as a nonrelativistic
shadow of the particle spin in relativistic models.

m In noncommutative models the Minimal Coupling and the Minimal
Addition of a gauge field are not equivalent procedures (modulo
total time derivatives). A local Seiberg-Witten transformations
allows to map systems in different phase spaces ( endowed with
different symplectic structure) and fields acting on, in order to
obtain the same physical results.

m Monopoles in momentum space can be conveniently described in
the presented formalism.

m The general Hamiltonian Structure of systems described by non
commutative configuration variables is described.
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