o HMEHE
TLH Jlededesct
Poccuiickoii AKAJEMHHA HAYK

du3nKa CBepXNPOBOAUMOCTU U KBAHTOBLIX MATEpUAnoe

PykoBoauTtens: B.M. Nyaanos., un.-kop. PAH
(pudalov@lebedev.ru), 7(499)132-6780

ba3sa: LleHTp BbicokoTEMMNEPATYPHOWN CBEPXNPOBOAMMOCTU U

KBAHTOBbIX MaTepuanos nm. B.J1. TnH3bypra («LleHTp MMH30ypra»)
Punsumyecknnt MHCTUTYT UM. IN.H. Jlebegesa PAH

M®TU, 22 pespaus 2019r.


mailto:pudalov@lebedev.ru

[1Ba HobeneBckux oTkpbITna 1980x:
KBaHTOBbLIM 9dpdpeKkT Xonna
(LlenouuncrnenHbi u pOOHbIN)

B.M. lyoarnos

http://sites.lebedev.ru/ru/sces/3176.html
- 351 mpe3eHTAlMA U3 4X




KBaHTOBbLIV adpdPeKT Xonna:
LerioyncrieHHbIn (1985) n apobHbIn KOX (1998)

"for the discovery of the quantized Hall effect" “for their discovery of a new form of quantum fluid with fractionally
charged excitations"

Klaus von Klitzing 28
i Robert B. Laughlin HorstL. Stérmer Daniel C. Tsui
Federal Republic of

(SErTnary @ 1/3 of the prize @ 1/3 of the prize B 1/3 of the prize

Max-Planck-Institut fir s Federal Republic of sa

Festlkirperforschung Germany

Stuttgart, Federal

Republic of Germany Stanford University Colurmnbia University Princeton University
Stanford, CA, USA Mew vark, NT, US4 Princeton, N1, USA

b. 1943

Titles, dats and places given above refer to the tirme of the aw ard. b. 1950 b. 1949 b, 1939

Photos: Copyright @ The Mobel Foundation {in Henan, China)




Knaccunyeckun adpdpekT Xonna
(Edwin Hall, 1879) - 3D
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2 Edwin H. Hall's Data from November 12th 1878
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Figure 6. Edwin Hall’s Hall data of 1878 as plotted from a table in his publication. The vertical
axis is proportional to the Hall voltage, V,; of Fig. 5 and the horizontal axis is proportional to the
magnetic field of Fig. 5. A linear relationship between Vy; and B and hence between R;; and B is
apparent. Since the days of Edwin Hall this strictly linear relationship has been confirmed by
many, much more precise experiments.

Pyy = Ry
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Kak npurotoBuTb 2D 3NEKTPOHHYIO cUCTEMY
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HabnogeHne nnato R, npu ApoOHbIX
3anosiHeHnax yposHen JlaHgay
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Figure 9. Data of Oct. 7, 1981 on the specimen # 6-19-81(3) ( see Fig. 8) on millimeter paper. The
top panel shows the Hall resistance, R, at temperatures 4.2 K and 1.5 K versus magnetic field, B.
The bottom panel shows the magneto resistance, R, versus B at similar temperatures. 1T is equiv-
alent to ~1.5 cm. Features at ~3 cm and ~7cm are due to the IQHE. Weaker features at ~21 ¢m
are due to the FQHE. The scribbles in the top panel are from reuse of the millimeter-paper for
data reduction from other traces.
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Figure 11. First successful operation of our dilution refrigerator in high-magnetic field. The sign
reads: 85mK, 280kG, Feb. 16, 84. The proud operators are clockwise from upper left: Albert
Chang, Peter Berglund (who was largely responsible for the design and implementation of the
instrument), Greg Boebinger, Dan Tsui and Horst Stormer.



TeopeTnyeckoe obobsacHeHne AKX
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OTa BO 6bina npeanoxeHa Kkak BapuvaunoHHas, HO
okasanacb To9yHou anga v=1/3.

Ee cBouncrBa:
1) aHTUCMMMETPUYHA NO NepecTaHoBKe Nobon napbl YacTuy, (NP M-HEYETHOM));

(2) obecnevnBaeT HaxoXxaeHWe YacTul, ganeko apyr ot gpyra, Tak YTo OHU UMEIOT
MEHbLIYIO KyrOHOBCKYIO 3HEPIUNIO OTTanKUBaHUS;

(3) B TEpPMOAMHAMMYECKOM Npeaerie oHa OMNUCLIBAET CUCTEMY ANIEKTPOHOB C
NNOTHOCTbIO 1/2nma?,, , T.e. C PaKTOPOM 3anosfiHEHNS v = 1/m - YTO COOTBETCTBYET

SKCMEPUMEHTY.



TeopeTnyeckoe obobsacHeHne AKX

Laughlin npeanoxumn, 4To HU3KOIHEpreTn4yeckoe Bo30yxaeHne
COOTBETCTBYET ApOOHOMY 3apsany e/m

Bo3byxgeHHoe COCTOAHME OTAENEHO OT OCHOBHOIO
COCTOSAHUA Wenbio A.

T.0. OCHOBHOE COCTOSIHUE Vv=p/m eCTb HECKMMAEMAS XKNOKOCTb



JKCrepuMeHTbI Mo npoBepke koHuenunn OK3X
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V. Goldman et al. (Stony Brook Univ. 2007)



JKCnepumMeHTbIl: ocumnnaumm AapoHoBa-boma
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Conductance 3G (e%3h)

JKCnepumMeHTbIl: ocumnnaumm AapoHoBa-boma
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HoBble koMno3nTHble YacTuubl (CP)

[MpncoeanHeHne

Tpex BUXpen K

KaXkOoMY 3JIEKTPOHY
MUHUMWN3NPYET SHEPTUIO

Komno3uTtHaa yacTtuua

e + 3D,

Coulomb forces flux quantum attachment

Figure 14. Schematic drawing of electron vortex attraction at fractional Landau level filling,
v=1/3. Now there are three times as many vortices as there are electrons. The Pauli principle is
satisfied by placing one vortex onto each electron (a). Placing three vortices onto each electron
reduces electron-electron (Coulomb) repulsion (b). Vortex attachment can be viewed as the at-
tachment of magnetic flux quanta to the electrons transforming them to composite particles (c).

3]‘IeKTpOHbI C TpemM4d rnpuncoeamnHeHHbIMMU KBaHTaMi NMNOTOKa ABUTatOTCA CBO60,EI,HO,
NMOYTUN HE BSaMMOﬂeﬁCTByﬂ C APYIr'MMKN 3NeKTpoHamMun —
T.0., 3agada cBenacb K ragy cBobogHbIX KOMMO3UTHbIX YacCcTuL,




Ctatuctuka CP

UT0ObI BBISCHUTL CTAaTUCTUKY, Oyaem aenaTtb NepecTaHOBKM YacTuLl
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CocTtogHue 1/3 — bo3oHHas
XNOKOCTb

\ / depmu-ra3 aneKkTpoHoB
\
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Hecxnmaemas
bose-xngkoctb

Figure 16. Schematic representation of 1/3 charged quasiparticles. At slightly higher B fields
than at v=1/3 additional vortices are created. They represent dimples in the electron lake. In the
dimples exactly 1/3 of an electron charge is missing. These are the fractionally charged quasi-

particles of the FQHE.



[NKOX B 0bpa3sLe co cBEpPXBbICOKOMN NOABUKHOCTbIO
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Hall Resistance, Ry (h/e2)
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Figure 18. The FQHE as it appears today in ultra-high mobility modulation doped GaAs /
AlGaAs 2DESs. Many fractions are visible. The most prominent sequence, v=p/(2p+1), converges
toward v=1/2 and is discussed in the text.



[Mpeobpa3oBaHunsg cummeTpum B KI3X

1. CummeTpuna no gobasneHUo Lenoro Ynucna yposHen JlaHpay
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[TlpeobpasoBaHua cummeTpum B KX

2. ONeKTPOHHO-AblpoYHasA CUMMETPUS
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[TpeocbpaszoBaHusa cummeTpun B KOX

3. CummeTpua no NpMcoeanHEHU0 2X KBaHTOB NOTOKa

MopgenbHbIn akcnepumMeHT ApoHoBa-boma
H=20D/S H*=4®/S
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3.4. lyanbHOCTb KBAaHTOB NOTOKa U 3apsaaosB
(npeobpasoBaHue ¢ NPUCOEANHEHNEM KBAaHTOB MOTOKA)
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Fig. 3. The dashed diagonal line represents the classical Hall resistance and the full drawn
diagonal stepped curve the experimental results. The magnetic fields causing the steps are



[lovyepHne cocTtosiHUA B APOOHOM KBAHTOBOM 3dbdekTe
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Fig. 3. The dashed diagonal line represents the classical Hall resistance and the full drawn
diagonal stepped curve the experimental results. The magnetic fields causing the steps are
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[NK3X anst 9anekTpoHoB |
ectb LIK3X ansa CF B |
PMKTUBHOM MarHUTHOM D
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CocTogaHune v=1/2 ectb coctoaHue B B*=0 ana CF
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Magnetic field (T)

Fig. 3. The dashed diagonal line represents the classical Hall resistance and the full drawn
diagonal stepped curve the experimental results. The magnetic fields causing the steps are
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ckrnoyeHne: aHoMarnbHoe COCTOsIHUE 5/2 ecTb pesynbTaT
octaTto4yHoro B3anmogencteusa CF nocpencreom
dnykTyaumn puktuBHoro nons B*

3 and
n=2.2x10""cm®
p=1.2% 10'cm’/Vsec
i T~15mK
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Figure 20. FQHE at v=5/2. A FQHE state at such an even denominator fraction should not be al-
lowed. The origin of the state remains unclear. An exciting possibility for the origin of this state
is the formation of composite fermion pairs. These unpublished data were taken by J.-S. Xia and
Wei Pan at the NHMFL in Gainesville, FL.



Cnacu6o 3a BHuUMaHue!

[1obpo noxanoBaTb B LleHTp
CBepXnpoBOAUMOCTU U KBAHTOBbIX
maTtepuanos PUAH !
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