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PE®EPAT

Junnomuas pabora: 53 crpanmisl, 24 wutrocTpanuu, 1 Tabmuna,
4’7 UICTOYHUKOB.

Knwouesvie cnosa. KBAHTOBO-KACKATHBIN JIA3EP,
TEPATEPLIEBBIA JTUAITA30H, BOJIHOBAS ®VHKIUS, MATHUTHOE
ITOJIE, YPOBHU JIAHIAAY, BEPOATHOCTDB PACCESHUA HA ITPUMECAX.

Obvekm uccnedosanusi: KBAaHTOBO-KACKAJHBIM Jazep TeparepleBoro
JMana3oHa.

Ilpeomem uccnedosanus: MaTPUYHBIA 3JIEMEHT KYJIOHOBCKOTO B3aWMO-
JEUCTBUSL M MOIIHOCTHBIE XapaKTEPUCTUKU KBAHTOBO-KACKaJHBIX JIa3€pOB B
MAarHuTHOM IIOJIE.

B pabore mnpoBeAeHO UCCIENOBaHME KBAaHTOBO-KAaCKaJHOTO Jia3epa
TeparepleBoro JMana3oHa BO BHEIIHEM MAarHUTHOM IoJsie. BoInosHeHo mMoenu-
pOBaHUE KBajJpaTa BOJHOBBIX (YHKIUW, PACCUMTAHBl MATPUUYHBIC DJIEMEHTHI
paccesiHus 3JEKTPOHOB Ha 3apsDKEHHBIX Hpumecsx. llpencraBineHa ammpokcu-
Mauus JJi1 YCPEeAHEHHOTO KBaJpaTa MaTPUYHBIX 3JIEMEHTOB M HAlJIEHO XOpollee
COOTBETCTBUE pE3YyJbTATOB YHCIECHHOTO MHTEIPUPOBAaHUSA M PaACUYETOB IO
NPUOIMKEHHBIM (OPMYIIaM.

[IpensioxkeHHass anmpoKCUMAaIUsl YCPEeAHEHHOTO KBajpaTa MaTPUYHBIX
AJIEMEHTOB MO3BOJIWJIA CHU3UTH BpEMSl pacyéTa BEPOSTHOCTH pPACCESHUS Ha
HECKOJIBKO MOPSAKOB U MPOBECTU PACUYETHI BBIXOJIHBIX XAPAKTEPUCTUK KBAaHTOBO-
KaCKaJIHbIX JIa3€pOB B MarHUTHOM TIOJIE.

[IpoBeneHHbIE YHCIIEHHBIE PACUETHI MOATBEPKAAIOT 3KCHEPUMEHTAIBHO
HaOM0aeMble TPU M3MEHEHUH MAarHUTHOTO TOJS OCHWUISIUU BBIXOJHOU
MOIIIHOCTH JIa3€pa, CBSI3aHHBIE C COBMEIICHUSIMHU YpoBHEH JlaHIay BEpXHEro u
HUKHETO JIa3€pPHBIX YPOBHEN.

[TosryueHHbIe pe3ynbTaThl MOKHO HCHOJIB30BaTh AJI NMPOECKTHUPOBAHUS U
ONTUMM3ALMN KBAHTOBO-KACKaIHBIX JJa3€POB BO BHEIIIHEM MAarHUTHOM IIOJIE.

[lo pesyapraram paboThl oOmNMyOJMKOBAaHAa CTaThsi B Marepuaiax
XIV  MexnayHaponHoii Hay4yHO-TEXHUYECKOM KoH(epenuun «KBaHTOBas
anekTpoHukay (MuHck, 21-23 Hos6ps 2023 r.).



PODEPAT
JpimiomHas mpana: 53 crapoHki, 24 umrocTparlisli, 1 Tadmina, 47 KpbIHiIl.

Kniouasvisa cnosvi: KBAHTABA-KACKAJIHBI JIA3EP, TOPAT'EPIIABbBI
JIBISATIABOH, XBAJIEBASI ®YHKIIBIS, MATHITHAE I1OJIE, Y3POVHI
JIAHJIAY, BEPATOJTHACLIb PACCEMBAHHS HA ITPEIMECSIX.

Ab'exm Oacnedasanns. KBaHTaBa-KacKaJIHbI Ja3ep Tepareplanara
TBISTIA30HY .

[IpanMer nacnenaBaHHs: MATPBIYHBI AJIEMEHT KYJIOHAyCKara y3aemMaa3esiHHs
1 MaryTHAaCHBIS XapaKTapbICThIKI KBAHTaBa-KaCKaJHBIX Jia3epay ¥ MarHiTHBIM IOJIL.

Y mpaunbl mOpaBen3eHa JaciefaBaHHE KBaHTaBa-KacKajHara Jiazepa
TeparepiiaBara JbIsMa30Hy Y 3HENTHIM MarHiTHBIM TOJi. BeikaHaHa MamdisiBaHHE
KBaJpaTa XBaJECBBIX (YHKIBIN, pasiiiyaHbl MATPBIUHBIS JJIEMEHTHI pacCcelBaHHS
AJIEKTPOHAY Ha 3apa/pKaHbIX TpbiMecsx. [lpaacTtaynmena ampakciMamplsa IS
ycsipaaHeHara KBaJpaTa MaTPBIYHBIX JIEMEHTAY 1 3HOWI3eHa 100pae aanaBeHaCIb
BBIHIKAY KOJIbKAaCHAra 1HTArpaBaHHs 1 pasiiikay rna HaOiabkaHbIM (hopmyTiax.

[IpananaBaHass —ampakciMamblsd VCApdAHEHAra KBaapaTa MAaTPBIYHBIX
AJIEMEHTAY J1a3BOJILIA 3HI3IIb Yac pa3iiKy BeparoJHacili pacceiiBaHHs Ha HEKaJIbKi
napajgkay 1 mpaBecll pa3fiiKi BBIXaJHBIX XapaKTapbICTHIK KBaHTaBa-KaCKaJHbIX
Jazepay y MarHiTHBIM TOJi.

[IpaBen3eHbiss JIIKaBbld  pas3iiiKi  MaUBAPIKAIOLb  HKCHEPHIMEHTAJIbHA
Ha3ipaHbIs MIPbl 3MEHE MarHiTHara roJjs aclbUIALbIl BBIXaIHOM MaryTHacll Jlazepa,
3BSI3aHBISA 3 CYMSIIUIHHAMI y3poyHsY Jlanmay BepxHsra 1 HDKHSTA Ja3epHBIX
Y3pOYHSY.

ATpbIMaHbld BBIHIKI MOKHA BBIKapbICTOYBAllb [JIsi TPAaeKTaBaHHS 1
anThIMI3allbli KBAaHTaBa-KACKAIHBIX JIa3epay ¥ 3HEIIHIM MarHiTHBIM TTOJII.

[Ta  BbIHIKax mpampl  amyOdikaBaHbl — apThIKYJ Yy MaTAIpbIsiax
XIV MixnapoaHaili HaByKOBa-TIXHIUHal kaH(epaHibll «KBaHTaBast AIEKTPOHIKA
(Minck, 21-23 micranaga 2023 1.).
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Keywords: QUANTUM CASCADE LASER, TERAHERTZ RANGE,
WAVE FUNCTION, MAGNETIC FIELD, LANDAU LEVELS, PROBABILITY
OF SCATTERING BY IMPURITIES.

The object of research: a terahertz quantum cascade laser.

The subject of research: the matrix element of the Coulomb interaction and
the power characteristics of quantum cascade lasers in a magnetic field.

The study of a terahertz quantum cascade laser in an external magnetic field
is carried out. The simulation of the square of wave functions is performed, the
matrix elements of electron scattering on charged impurities are calculated. An
approximation for the averaged square of matrix elements is presented and a good
agreement is found between the results of numerical integration and calculations
using approximate formulas.

The proposed approximation of the averaged square of matrix elements made
it possible to reduce the calculation time of the scattering probability by several
orders of magnitude and to calculate the output characteristics of quantum cascade
lasers in a magnetic field.

The numerical calculations carried out confirm the experimentally observed
oscillations of the laser output power associated with the combination of the Landau
levels of the upper and lower laser levels when the magnetic field changes.

The results obtained can be used to design and optimize quantum cascade lasers in
an external magnetic field.

Based on the results of the work, an article was published in the materials of
the XIV International Scientific and Technical conference “Quantum Electronics”
(Minsk, November 21-23, 2023).



