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Paccunranbl MaTpU4HBIE 3JEMEHTHI TPEX U YETHIPEX(OTOHHBIX ONTHYECKHUX MEPEXO0JI0B MEX-
Jly TIOJI30HaMH BaJICHTHOH 30HBI IOJIYIIPOBOJHUKA KyOnueckol cummeTpud. [Ipu sTom yuTteH
BKJIa]] OTHOBPEMEHHOT'O TPeX()OTOHHOTO B3aMMOICHCTBHS B CYMMAapHBI MaTPUYHBIN 3JIEMEHT
TpeX M YeTHIPEX(OTOHHBIX ONTHUECKUX TEPEXO/I0B, M NMOKA3aHO, YTO 3TOT BKJIA[ 3aBUCUT KaK
OT 3HaKa, TaK ¥ YMCICHHOTO 3HAYCHUS MapaMeTpa repes KyOHu4ecKrM Mo BOJTHOBOMY BEKTOPY
JBIPOK ClaraeMbIM B 3(p(heKTHBHOM raMIIIbTOHUAHE.

Kiaouesble ci0Ba: TPEX U 4eThIpeX (OTOHHBIC ONTHYECKUE MEPEXO/Ibl, HAYATBHOE, BUPTYAIbHOE
N KOHCYHOC COCTOsHMA, TOJIHBIH ManI/I'-IHHﬁ JJICMCHT, 3d)(beKTHBHLIﬁ TraMHWJIbTOHHAH, JIMHEHHO-
HHpKyJ’[HpHBIﬁ JUXPOU3M, 3aKOH COXpaHCHUSA SHEPI'UU B TPEX (bOTOHHLIX OINITUYCCKUX MEPEXOoJax.

Matrix elements of three- and four-photon optical transitions occurring between the subbands
of the valence band of semiconductor of cubic symmetry are calculated. In this case, the con-
tribution of the simultaneous three-photon interaction to the total matrix element of three- and
four-photon optical transitions is taken into account, and it is shown that this contribution de-
pends on both the sign and the numerical value of the parameter of the term cubic in the hole
wave vector in the effective hamiltonian.

Keywords: .three- and four-photon optical transitions, initial, virtual and final states, total matrix ele-
ment, effective Hamiltonian, linear-circular dichroism, law of conservation of energy in three-photon op-
tical transitions.

I. Bseaenme

[Ipy TOTJIOIMEHUN JIMHEHHO W IHUPKYISAPHO
MOJSIPU30BAHHOTO CBETAa pa3pelIeHbl MHOTOKBAaH-
TOBBIE ONTHYECKUE IIEPEXOAbl 4Yepe3 BUPTYyaIbHbBIE
9JIEKTPOHHBIE COCTOSIHUS, HAaxOASAIIMecs Kak B
BAJICHTHOH W B 30HE NMPOBOJMMOCTH, TaK M B JAJIEKO
pacmosioxkeHHBIX 30Hax [1-11]. ITo 3akoHy coxpane-
HUS YTJIIOBOIO MOMEHTa HOCHTENEH TOoKa (pu3nyecKast
NpUpOJa ONTHUYECKHX IIEPEXOJ0B  3aBHCHT  OT
CTeNeHH Toispu3anuu cBera. B wactHocTH, mpu N
()OTOHHOM TMOTJIOMIEHUN IUPKYJSIPHO TOIIPU30OBAH-
HOro cBera (POTOBO3OYKACHHBIE HOCUTENH OYyAyT
MUMETh OTJIIMYHBIC OT HYJIA YTJIOBBIE MOMEHTHI, TaK
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4TO cienayromue GOTOHBI OYAyT B3aUMOACHCTBOBATH
C ONTHYECKH OPHUCHTHPOBAHHBIMH HOCHUTEIISIMH TOKA.
[To mpaBuimy otbOopa paccMaTpPHBAEMOrO ONTHYE-
CKOI'0 Mepexo/a i MPOeKIUA MOMEHTOB HOCUTENEH
TOKa OTHOCHUTEIBHO BOJHOBOTO BeKTOpa (HOTOHA
BEPOSTHOCTH IBYX- M TPEX(POTOHHBIX ONTHUECKHX
MEepexo/10B OYAyT 3aBUCETh KaK OT YaCTOTHI, TaK U OT
creneHd noispuzauuu csera [7-11]. Ilocnegnee
MPUBOAUT K BBIABICHUIO JTHHEHHO-ITUPKYJISIPHOTO
MUXpOU3Ma TIOTJIONICHUSI CBETa. DJTO BEPHO TOIJA,
KOIJIa HE YYTeHa 3aBUCHMOCTh  IOTJIOLICHUS
MOJIIPU30BAHHOTO  HM3IyYEHUS OT aHU30TPOIHS
MOJIYITPOBOTHUKOBOTO KPUCTAILIA.
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3aMeTuM, YTO TIPU HCCICIOBAHUUA HEKOTOPBIX
OTNITUYECKUX napameTpoB MOJTYPOBOJIHUKA,
HaIpUMep, MPU pacyeTax OJHO- U MHOTO(OTOHHOIO
KOO UIMEHTa  MOTJOUICHUS  TOJISIPU30BAHHOTO
W3y4YCHUs]  WIH  TOJSIPHU3AIMOHHO-3aBUCHMOTO
tdototoka (cMm., H-p, [7-10]), TpeOyeTcs mMpou3BECTH
pacdeTsl MATPUYHBIX JJIEMEHTOB PacCMaTpPUBAEMBIX
ONTHYECKUX TMepexoaoB. [loaromy panee Oynem
aHAJM3UPOBATh MATPUYHBIC DIIEMEHTHI ONTHYCCKUX
NEPEXOA0B I KOHKPETHLIX CIIy4acB.

II. Tpex¢oTOHHBIA JUHEHHO-LHPKYJISAPHBIH
AUXPOH3M

[Mpoananuszupyem Tpex(HOTOHHBIE ONTUYECKUE
Mepexoapl MEXIY IOA30HAMHU TSKENbIX W JIETKUX
IOBIPOK  BAaJIGHTHOH  30HBI  TOJYNPOBOJHHKA.
MaTtpudHbIe 3J€MEHTHI BCEX THIOB TPEX(OTOHHBIX
ONTUYECKUX MEPEX00B BBIPAXKAIOTCA KaK:
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OTMeTHM 31eCh, YTO BKJAJ OJHOBPEMEHHOTO
MOTJIONIEHUsT TpeX (POTOHOB B KOA((UIIMEHT MOTIIO-
IICHNS CBETA MW JIMHEHHO-IIUPKYISIPHOTO TUXPOH3-
Ma HE uCCienoBaH B paborax [2, 3, 7-11], T.e. mpe-
HeOperaiay MOCIEIHUM cliaraeMbIM B (1).
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III. Yerbipex)OTOHHBIA JIMHEHHO-LUPKYJIAP-
HBIIl TUXPOU3M

Hwmwxke paccMoTpuM 4eThIpex(OTOHHOE MOTIJIOo-
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MPOBOJHUKAX KyOMYECKOH cHMMeTpuH, 00yCIIOBIeH-
HO€ MNpSIMBIMM OITHYECKHUMH IIEPEXOJaMU MEXIy

ManI/I‘IHI)II\/'I QJICMCHT ONTHUYCCKUX MEPCXOJ0B MCIKIAY
IMOA30HAMM TSKEJIBIX W JIETKUX JBIPOK BaJICHTHOM

IMOA30HaMM JICTKHUX W TSKCIIbIX IOBIPOK, I'IC, B OTJIM- 30HLBI MOJIYIIPOBOJHHKA OIIPEACTIACTCA
gue oT [1-9], yureM OAHOBpPEMEHHOE MOTJOUIEHHE COOTHOILEHUEM:
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Takum 00pa3om, B y3KO30HHOM KpHCTaIlIe OBLIN
KJIaCCU(PUIMPOBAHBI MEXK30HHBIC TPEX M YEThIPEX
dotouabie OIl W MOMydYEeHBI BBIPAXKCHUS IS
MaTPUYHBIX 3JIEMCHTOB B 3aBUCHMOCTH OT 30HHBIX

MapaMeTpoB, CTENEHH MOJSPU3aLUM H YacTOTHI
CBeETA.
MeTagaHHbIe

On the theory of three and four photon linear-
circular dichroism in p-GaAs

R.Ya. Rasulovl, V.R. Rasulovl, L Eshboltaevz, M.Kh.
Kuchkarov?

'Ferghana State University, Murabbiylar str. 19, 150100, Fer-
gana, Uzbekistan
2Kokand State Pedagogical Institute, Turon str. 19, 150700, Ko-
kand, Uzbekistan

Matrix elements of three- and four-photon optical transi-
tions between subbands of the valence band of a semicon-
ductor of cubic symmetry are calculated. In this case, the
contribution of the simultaneous three-photon interaction
to the total matrix element of three- and four-photon opti-
cal transitions is taken into account, and it is shown that
this contribution depends on both the sign and the numeri-
cal value of the parameter of the term cubic in the hole
wave vector in the effective Hamiltonian.
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P-GaAs na y4 Ba TYpT (OTOHIN YM3MKJIM HUPKY-
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Ky0 cuMMerpusuin SIpUMYTKa3rHMy BaJICHT 30HACHHHHT
TaApMOKJIAPHAPO Y4 Ba TYPT (POTOHIHM ONTHK YTHUIILIAP MAT-
pHLIABHI 3JIEeMEHTIIapu XucobOiaHraH. bynna y4 Ba TYpT
(OTOHJIM ONTHK YTUIUIAPHUHI TapKUOMH MaTpuia siie-
MeHTHTa OMp BaKTHHHT y3uAa y4 (OTOHIH ¥3apo TabCHUP-
HUHT KyIITaH X#Wccacu JbTHOOpra ONMHTaH xamuaa Oy
VIYOIHUHT ~caMapaBUi TraMWIBTOHMAHNArd KOBaKJap
TYJIKAH BEKTOPH KyOHMHYH Japakaid Xai oya Kodhduiu-
SHTUHHHI COH KMHMTHUTa, XaM HIIopacura OOFIINK SKaHIIH-
TH KYpCaTUIITaH.

Kanut cy3map: yu Ba Typr ¢QoToHNIM onTHK YTHOUIAp,
OoluTaHFUY, BUPTYaJ Ba SIKYHHH X0JaTiiap, MaTpHIla JIeMEHTIIap,
caMapaBUil TaMWIBTOHWAH, YM3HKIH LUPKYJIAp AUXPOU3M
k03] dHIeHTH, Y4 (OTOHIM ONTHK YTHILIAPAA SHEPTUSHHHT
CaKJIaHUII KOHYHH.
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