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e Symmetry algebra of RN-Smorodinsky-Winternitz system

o CN-Smorodinsky-Winternitz system in a constant magnetic
field and its symmetry algebra

e Quantization of CN-Smorodinsky-Winternitz in a constant
magnetic field

@ Reduction of C2-SW by U(1) and its symmetry algebra

Hovhannes Shmavonyan !CN—Smorodinsky—WinternitZ system in a constant magnetic field



RN-Smorodinsky-Winternitz system
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The symmetry algebra of RY-SW and quantization

Redefinition
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The symmetry algebra of RY-SW and quantization

Redefinition

2
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Mj =1l Moi=1 Mi=g} Moo = - Ry = Tise Rijo = Sy

The symmetry algebra
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Ri = —16( MM i Mi+ M3 My +Mie M+ Mz, My —4Mjy My My )
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The symmetry algebra of RY-SW and quantization

Redefinition
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Mj =1l Moi=1 Mi=g} Moo = - Ry = Tise Rijo = Sy

The symmetry algebra

{Myy, M1} = 0 Riyt + dik Ruke — 0 Rike — S Rk
Ri = —16( MM i Mi+ M3 My +Mie M+ Mz, My —4Mjy My My )
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CN-Smorodinsky-Winternitz system
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Hidden constant of motion
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CN-Smorodinsky-Winternitz system

2
H= "l ly=maiat Zga + w2727 {1y} =0

323

a

{Wa>zb} = dab {ﬁaazb} = dab {Wayﬁb} =1Bdap

Hidden constant of motion

2_bzsb 2_aza
g§52°z 8.2z
Lo = La,;ng—( R ) (Lo, H} =0 a#b

SU(N) generators
L;= ’L(TraZb —TpZ7) — Bz"7 {Laz, H} =0

{La§> /b} = {La§7 Ibc} — {La57 LbE} = 0
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The symmetry algebra of CN-Smorodinsky-Winternitz

Non-trivial commutators
{/aa Ibc} - 5absac - 5acsab

{Lsbs led} = Obe Tabd + Oac Thed — Obd Tacd — 0ad Tabe
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The symmetry algebra of CN-Smorodinsky-Winternitz

Non-trivial commutators
{/aa Ibc} - 5absac - 5acsab

{labs led} = Obe Tabd + 0ac Thed — Obd Tacd — Oad T abe
where
S20 = 4aplaly — (Lasly + Lygla)? — 4g212 — 4g2 12 — 4w? Lp(Lp — LasLyg)
+4wgi L2 + 4g2w’ L3 + 16g2gow® — 2B(ly — LasLyp)(Lazly + Lypls)
*Bz(/ab - LaéLbE)2 + 4B(glflaLaé + gaZ/bLbE) + 482ga2g§
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Non-trivial commutators
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Redefinition of symmetry generators for CV-SW

1
M,, = ng + 4g§ Map = lp — §L35Lb5 My =1,— =Lz
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Redefinition of symmetry generators for CV-SW

1 B
M,, = ng + 4g§ Map = lp — §L35Lb5 My =1,— ELaé

Symmetry algebra
{Mab7 Mcd} = 5bc 7—abd + 5ac 7_bcd - 5bd Tacd - 5ad Tabc
{M307 ab} - 5absac - 5acsab
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Redefinition of symmetry generators for CV-SW

1 B
M,, = ng + 4g§ Map = lp — §L35Lb5 My =1,— ELaé

Symmetry algebra
{Mab7 Mcd} = 5bc 7—abd + 5ac 7_bcd - 5bd Tacd - 5ad Tabc
{M307 ab} - 5absac - 5acsab

2, = AMaoMoo Moo+ (45 ) (Moo Mot 2, M3 My M M
1
Tabe = 4MapMcMac— Mgy Mee—Mac My — Mg Maa 5 Maz M Mcc
Introducing Mgg = 4w? + B?
{Mag,Mcp} = dgcRasp + dacRecp — 08D Racp — dapRasc

1
Rasc = 4MagMpgcMac—MagMcc—Mac MBB_M?BCMAA‘FZ MaaMpgMcc
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Quantization of CN-Smorodinsky-Winternitz

Can be reduced to 2D problem
iawa(zaa Za) = ana(zmza) 'L\I\Utot = ErotVtor

N N
Vit = H wa(zayza) Etor = Z E,
a=1 a
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Quantization of CN-Smorodinsky-Winternitz

Can be reduced to 2D problem
i\awa(zaa Za) = ana(zmza) 'L\I\Utot = ErotVtor

N N
Vit = H wa(zayza) Etor = Z E,
a=1 a

U(r,¢) = R(r)®(¢) L& =hmo
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Reduction of C2-SW by U(1)

U(1) generator

Jo=Li1+ L :Z(Zﬂ'—fﬁ')— Bzz = 2s
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Reduction of C2-SW by U(1)

U(1) generator

Jo=Li1+ L :Z(Zﬂ'—fﬁ')— Bzz = 2s

_ ZOKT + ToKZ
qk = Z0kZ, pk:?7 k:172a3

dm
{a, 0} =0, {px;q1} =, {pw.p1} = SEkImW
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U(1) generator
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Reduction of C2-SW by U(1)

U(1) generator

Jo=Li1+ L :Z(Zﬂ'—fﬁ')— Bzz = 2s

qk:ZJkE7 pk:M7 k:172’3

2zz

{a, 0} =0, {px;q1} =, {pw.p1} = SEk/m%

Esw—Bs ._ w1 B%/4

2 o 2
Hamiltonian of the reduced (generalized MICZ-Kepler) system
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The symmetry algebra of reduced system

Introduce SO(3) geberators

i Bzoyz
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| \ ) 2
Reduction of constants of motion
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The symmetry algebra of reduced system

Introduce SO(3) geberators

i Bzoyz
Ik = €xmPiGm — =(zom — 7oK Z) —
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Reduction of constants of motion
h—»hL B x3v | gi(r—x3)  &(r+xs)
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symmetry algebra

{Z,J}=S {£,J}={L,TI}=0
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Conclusions

The spectrum of CV-SW depends on N + 1 quantum numbers

Presence of constant magnetic field in the initial problem does
not affect the reduced system

Supersymmetrization is straightforward

@ Generalizations on CPV

Quaternionic generalizations and SU(2) instanton
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Thank You for attention!
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