ȷURNAL F�ZIQNIH DOSL�DȷEN^ t. 1, ˝ 3 (1997) s. 314–316

JOURNAL OF PHYSICAL STUDIES v. 1, No 3 (1997) p. 314–316

SUPERZAR˚DI U VIPADKU RUHU ELEKTRONA V NESTAC�ONARNOMU MAGNETNOMU POL�

V. M. Tkaquk L~v˛vs~kiȷ derıavniȷ un˛versitet ˛men˛ ¨vana Franka, kafedra teoretiqnoÝ f˛ziki UkraÝna, UA–290005, L~v˛v, vul. Dragomanova, 12 E-mail: tkachuk@KTF.Franko.Lviv.UA (Otrimano 14 s˛qnffl 1997)

Vivqa‚t~sffl supersimetr˛ffl nestac˛onarnogo r˛vnfflnnffl Paul˛. Pobudovan˛ superzarffldi, fflk˛ ‚ ˛nteİralami ruhu v c~omu vipadku.

Kl¸qovfi slova: supersimetr˛ffl, r˛vnfflnnffl Paul˛, nestac˛onarne magnetne pole.

PACS number(s): 03.65.-w, 11.30.Pb

P˛slffl pofflvi rob˛t [1–3], de buli vveden˛ supersimetriqn˛ model˛ kvantovoÝ teor˛Ý polffl, ˛deffl supersimetr˛Ý poqala poxirvatis~ v ˛nxih galuzfflh f˛ziki ˛ matematiki [4, 5]. Odnovim˛rna supersimetriqna kvantova mehan˛ka bula zaproponovana v [6, 7]. Odn˛‚ z kvantovomehan˛qnih zadaq, de supersimetr˛ffl ‚ f˛ziqno simetr˛‚, ‚ zadaqa pro ruh elektrona v stac˛onarnomu magnetnomu pol˛ [4, 8].

Nedavno v [9] bula vstanovlena supersimetr˛ffl odnovim˛rnogo qasozaleınogo r˛vnfflnnffl Xred˛ngera. C ˛de v dan˛ȷ robot˛ mi rozviva‚mo dlffl vipadku ruhu elektrona u zm˛nnomu v qas˛ magnetnomu pol˛, paralel~nomu do os˛ z, fflkiȷ opisu‚t~sffl nestac˛onarnim r˛vnfflnnfflm Paul˛ i ∂ψ ∂t = H_pψ, (1) de H_p = 1 2 (π^2_x + π^2_y + p^2_z − eBσ_z), (2) π_α = p_α − eA_α, p_α = −i ∂ ∂x_α ,

A_x = A_x(x, y, t), A_y = A_y(x, y, t), A_z = 0 ‚ komponentami vektornogo potenc˛alu,

B = B_z(x, y, t) = ∂A_y ∂x − ∂A_x ∂y ‚ magn˛tne pole, paralel~ne os˛ z. Tut vibrana sistema odinic~, v fflk˛ȷ stala Planka, xvidk˛st~ sv˛tla ˛ masa elektrona r˛vn˛ odinic˛.

Osk˛l~ki p_z ‚ ˛nteİralom ruhu, to rozv’fflzok (1) xuka‚mo u viglffld˛ ψ(x, y, z, t) = e^{−ik2 t/2+ikz} ψ(x, y, t), de k — znaqennffl ˛mpul~su pri rus˛ vzdovı os˛ z. Tod˛ dlffl ψ(x, y, t) oderıu‚mo r˛vnfflnnffl Paul˛, fflke opisu‚ ruh elektrona v dvovim˛rnomu prostor˛ z gam˛l~- ton˛fflnom H = 1 2 (π^2_x + π^2_y − eBσ_z ). (3)

Nadal˛ mi budemo mati spravu z dvovim˛rnim gam˛l~- ton˛fflnom Paul˛ (3).

Nagada‚mo spoqatku osnovn˛ momenti supersimetr˛Ý dvovim˛rnogo r˛vnfflnnffl Paul˛ u vipadku stac˛onarnogo magnetnogo polffl [4, 8]. Xukaqi rozv’fflzok u viglffld˛ ψ(x, y, t) = e^{−iEt}ψ(x, y), oderıu‚mo stac˛onarne r˛vnfflnnffl Paul˛ Hψ(x, y) = Eψ(x, y). (4)

Dvovim˛rniȷ gam˛l~ton˛ffln Paul˛ moına zapisati u viglffld˛ [4, 8]

H = ( H_+ 0 0 H_− ) = 1 2 ( π_−π_+ 0

0 π_+π_− ) , (5)

abo u nastupn˛ȷ supersimetriqn˛ȷ form˛

H = {Q_+, Q_−}. (6)

Superzarffldi Q_+, Q_− mat~ viglffld

Q_+ = π_−σ_+ √ 2 , (7)

Q_− = π_+σ_− √ 2 , de π_± = π_x ± iπ_y,

SUPERZARDI U VIPADKU RUHU ELEKTRONA V NESTAC¨ONARNOMU MAŢNETNOMU POL¨

σ_± = σ_x ± iσ_y 2 . Zruqno vvesti kompleksn˛ zm˛nn˛ z = x + iy. Tod˛

π_+ = −2i ∂ ∂z^∗ − eA(z, z^∗), (8) π_− = −2i ∂ ∂z − eA^∗(z, z^∗), A(z, z^∗) = A_x + iA_y. Prfflmiȷ rozrahunok pokazu‚, wo

(Q_±)^2 = 0, (9)

[Q_±, H] = 0.

Sp˛vv˛dnoxennffl (6) ˛ (9) utvort~ algebru supersimetr˛Ý, fflka pofflsn‚ dvokratne virodıennffl energetiqnih r˛vn˛v elektrona, kr˛m nul~ovogo, nav˛t~ u vipadku neodnor˛dnogo “dvovim˛rnogo” magnetnogo polffl B(x, y).

Zauvaıimo, wo superzarffldi Q_± komutut~ ˛z gam˛l~ton˛fflnom ˛ u vipadku stac˛onarnogo magnetnogo polffl voni ‚ ˛nteİralami ruhu. U vipadku nestac˛onarnogo magnetnogo polffl vs˛ sp˛vv˛dnoxennffl (5)–(9) zalixat~sffl spravedlivimi, prote Q_± uıe ne ‚ ˛ntegralami ruhu. Meta c˛‚Ý roboti znaȷti superzarffldi Q̃_±, fflk˛ buli b ˛nteİralami ruhu. Dlffl c~ogo Q̃_± povinn˛ zadovol~nfflti r˛vnfflnnffl

i ∂Q̃_± ∂t + [Q̃_±, H] = 0. (10)

Mi rozglfflnemo vipadok odnor˛dnogo nestac˛onarnogo magnetnogo polffl B = B(t) z vektornim potenc˛ffllom A_x = −B(t)y/2, (11) A_y = B(t)x/2. Tod˛ π_− = −2i ∂ ∂z + i eB(t) 2 z^∗, (12)

π_+ = −2i ∂ ∂z^∗ − i eB(t) 2 z.

Superzarffldi Q̃_±, fflk˛ zadovol~nfflt~ r˛vnfflnnffl (10), xuka‚mo u viglffld˛, pod˛bnomu do (7)

Q̃_+ = π̃^−σ^+√ 2 , (13)

Q̃_− = π̃^+σ^−√ 2 , de π̃_− = −f_1(t)2i ∂ ∂z + f_2(t)i eB 2 z^∗, (14)

π̃_+ = −f^∗_1 (t)2i ∂ ∂z^∗ − f^∗_2 (t)i eB 2 z. Navedemo komutac˛ȷn˛ sp˛vv˛dnoxennffl, korisn˛ dlffl podal~xih obqislen~

[π_−, π_+] = −2eB, (15)

[π̃_−, π̃_+] = −eB(f_1f^∗_2 + f^∗_1 f_2),

[π̃_−, π_+] = −eB(f_1 + f_2),

[π_−, π̃_+] = −eB(f^∗_1 + f^∗_2 ),

[π_−, π̃_−] = [π_+, π̃_+] = 0.

P˛dstavlfflqi Q̃_+ ˛z (13) v (10), oderıu‚mo r˛vnfflnnffl dlffl π̃_−

i ∂π̃_− ∂t + π̃_−H_− − H_+π̃_− = 0, (16)

zv˛dki, vikoristovuqi fflvniȷ viglffld π̃_− (14), a takoı (15), ˛ prir˛vnqi v (16) do nulffl virazi b˛lffl ∂ ∂z i z^∗, ma‚mo nastupnu sistemu r˛vnffln~ dlffl f_1 i f_2

i ∂f_1 ∂t = eB(t)(f_2 − f_1), (17)

i ∂(f_2B(t)) ∂t = eB^2(t)(f_1 − f_2).

Rozv’fflzok xuka‚mo u viglffld˛

f_1 = fe^{iΩ}, (18)

f_2 = 1 eB ϕe^{iΩ},

de Ω = ∫ eB(t)dt. Tod˛ f i ϕ zadovol~nfflt~ sistemu i ∂f ∂t = ϕ, (19) i ∂ϕ ∂t = (eB)^2f,

fflka zvodit~sffl do diferenc˛ffll~nogo r˛vnfflnnffl drugogo porffldku dlffl f

V. M. TKAQUK

∂^2f ∂t^2 = −(eB)^2f. (20)

Otıe, u vipadku odnor˛dnogo nestac˛onarnogo polffl problema znahodıennffl superzarffld˛v Q̃_± zvelas~ do rozv’fflzannffl diferenc˛ffll~nogo r˛vnfflnnffl (20). Rozv’fflzavxi (20), mi znaȷdemo f_1, f_2, a tim samim ˛ superzarffldi (13) Q̃_±. C˛ superzarffldi ‚ ˛nteİralami ruhu gam˛l~ton˛fflna H ˛ utvort~ superalgebru

{Q̃_+, Q̃_−} = H̃, (Q̃_±)^2 = 0, (21) de H̃ = 1 2 ( π̃_−π̃_+ 0 0 π̃_+π̃_− )

‚ takoı ˛nteİralom ruhu gam˛l~ton˛fflna H.

C˛kavo rozglfflnuti post˛ȷne pole. V c~omu vipadku znahodimo

f_1 = (c_1e^{iωt} + c_2e^{−iωt})e^{iωt}, (22) f_2 = (−c_1e^{iωt} + c_2e^{−iωt})e^{iωt}, de ω = eB, c_1, c_2 — dov˛l~n˛ konstanti.

Vib˛r c_1 = 0, c_2 = 1 da‚ v˛dom˛ superzarffldi (7). Drugiȷ nezaleıniȷ rozv’fflzok c_2 = 0, c_1 = 1 da‚ nov˛ superzarffldi, fflk˛ pov’fflzan˛ ˛z (7) nastupnim qinom

Q̃_+ = e^{i2ωt}Q_+(−B), (23) Q̃_− = e^{−i2ωt}Q_−(−B),

de Q_±(−B) ‚ superzarffldi (7) z protileınim za naprfflmkom magnetnim polem. Pod˛bno H̃ sp˛vpada‚ ˛z gam˛l~ton˛fflnom (3), u fflkomu naprfflmok magnetnogo polffl zm˛neniȷ na protileıniȷ H̃ = H(−B). Nagada‚mo, wo Q̃_± i H̃ ‚ ˛nteİralami ruhu gam˛l~ton˛fflna H. C˛kavo zaznaqiti, wo gam˛l~ton˛ffln z magnetnim polem −B ‚ ˛ntegralom ruhu togo samogo gam˛l~- ton˛fflna z magnetnim polem B.

Avtor vislovl‚ wiru podfflku uqasnikam Hovor˛qnih diskus˛ȷ za korisn˛ obgovorennffl.

[1] “. A. Gol~fand, E. P. L˛htman, Pis~ma ”ETF 13, 452 (1971).

[2] D. V. Volkov, V. P. Akulov, Pis~ma ”ETF 16, 621 (1972).

[3] J. Wess, B. Zumino, Nucl. Phys. B 70, 39 (1974). [4] L. E. Gendenxteȷn, N. V. Krive, Uspehi fiziqeskih nauk 146(4), 553 (1985).

[5] G. Junker, Supersymmetric Methods in Quantum and Statistical Physics, (Springer, Berlin, 1996).

[6] E. Witten, Nucl. Phys. B 185, 513 (1981). [7] H. Nicolai, J. Phys. B 70, 39 (1974).

[8] L. E. Gendenxteȷn, dernaffl fizika 41 (5), 261 (1985). [9] Vladislav G. Bagrov, Boris F. Samsonov, Phys. Lett. A 210, 60 (1996)

SUPERCHARGES IN THE CASE OF ELECTRON MOTION IN NONSTATIONARY MAGNETIC FIELD

V. M. Tkachuk Ivan Franko Lviv State University, Chair of Theoretical Physics 12 Drahomanov Str., Lviv UA–290005, Ukraine E-mail: tkachuk@KTF.Franko.Lviv.UA

The supersymmetry of nonstationary Pauli equation is studied. The supercharges which are integrals of motion in this case are established.