Line of the TrCR is observable at filling factors > 1.
Theintensity of the TrCR lineis proportional to the second
power of the 2DEG density
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Surprising Trion stability against free
electron screening
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DKCHUTOH MCYE3AET U3 CIEKTPa MPXU OTHOCUTEIBHO MaJbIX

KOHIOCHTPAHAX 3JICKTPOHOB, 4 TPUOH OCTACTCAI
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Cuna ocunnnaTopa 3KCUTOHAa He 3aBUCUT OT NIIOTHOCTU 2DEG

Fermi energy (meV)
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PL Intensity (a.u.)

CnekTpbl nornoweHns (PLE) kak pyHKUmMA KOHueHTpaJMM
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Absorption (arbit.un.)

Absorption (arbit.un.)
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Absorption spectra of CdTe/CdMgTe quantum
Solid lines are

Figure 5:
wells at different densities of free electrons.
experimental spectra, svimbols present results of calculation
at Ep = 2.5 meV [(upper panel}) and Ep = 10 meV (lower
panel), respectively. Dashed lines are contributions of trion
and exciton.
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Trion Zeeman splitting as a function
of the electron density
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The value of the exciton and trion Zeeman splitting?
€. + Ph—>Tr =(Ex+ey,)

Because the initial and the final state of the electron are
the same (the same spin and the same Landau level)
we should see only the exciton Zeeman splitting on exciton

and on trion line

trion
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PL Intensity, a.u.

Photol uminescence

In PL the exciton and trion

Zeeman splitting are equal 1,626 | -
1,625 | -
>
= 10 2
= _ ]
1T
1,623 | .
. , . , . 1,622 .
1,615 1,620 1,625 1,630 P R NS SRR SR U SR
Erergy, eV 0 1 2 3 4 5 6 7 8

Magnetic Field (T) 63



Exciton and trion Zeeman splitting at high electron concentrations
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Thisispossible only inthe caseif theinitial and
final spin state of the electron are not the same —
we need spin-flip

For spin-flip we need spin-orbital interaction.
This can be the triplet-singlet splitting of the trion

In the initial state the photon creates virtual state of the triplet
trion. Because of very fast spin-flip of one of the electrons in the
final state we have the singlet trion (already real).
Thisisthe process reversal to the EXCR
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An incident photon creates a virtual trion in the triplet state. Thistrion

produces a spin-flip with one of the electrons on the first Landau level.

Asaresult, in the final state, we get atrion in the singlet state plus an
electron on the second Landau level with opposite spin.

This reaction |ooks

e +el +phoTri+e 5Tré+e;
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Cuna ocumnnaropa aKCUToHa
NpUXoOALLasiCs Ha SNIeMEHTapPHY
SYENKY paBHa cune ocumnmnsaTop
TPUOHA Ha OAMNH 3NEKTPOH, TAKXKE
Kak ans cBsi3aHHbIX 3KCUTOHOB
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The value of the exciton and trion Zeeman splitting?
€. + Ph—>Tr =(Ex+ey,)

Because the initial and the final state of the electron are
the same (the same spin and the same Landau level)
we should see only the exciton Zeeman splitting on exciton

and on trion line

trion

71



Ewe cunbHee adbdekT nogceeTku [(b) 1s-Ih
nposiensieTcst B cnektpax PLE Ha ECR
nnHnm EXCR
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Triplet trion in high magnetic fields

Photoluminescence
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We can neglect the trion binding energy because EQX >>ha, >> E?r

ExXCR
m = -

Polarization, P

e+ ph= Ex+e .

PL intensity

1ha);f +hw=E__ +§ha)§
2 2

(b) n,=8x10""cm™

| EXCR

The intensity of the EXCR
absorption line is comparable
with the intensity of the exciton
line 1,605

Reflectivity
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TPHUOHDbLI B KBAHTOBbLIX
AMAX

KOYEPELLKO B.I.

Trions at low electron density limit
1. Charged exciton-electron complexes (trions)
2. Singlet and triplet trion states
3. Modulation doped QWs
4. Trionsin optical spectra
5. Action of magnetic fieldson thetrions
Trions at high electron density limit

6. Combined exciton cyclotron resonance

7. Combined trion cyclotron resonance

8. Combined exciton electron processesin PL spectra
9. Trion Zeeman splitting
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CnuH 3aBUCUMOE SKCUTOH — AJIEKTPOHHOE paccCedh

ine
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The circular polarization of the trion
absorption (reflectivity line) in magnetic
fields can be used to determine electron
concentration by pure optical method
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I3MeHEHNE 3KCUTOHHbIX U TPNOHHbIX NapamMeTpoB B MarHUTHOM [10J1¢
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