Fractional Quantum Hall Effect: TeopeTuueckue 0CHOBbI, OTKPBITHS U POJIb B
Acta Universi

Fractional Quantum Hall Effect (FQHE) — 310 Tomosioruueckast ¢a3a Mmatepuu, oOHapy>xeHHasi B
1982 roxy Hdauusnem Ilyu, Xopctom IlITépmepom u Pobeprom JladgmHom (HobeneBckasi mpemust
1998). FQHE miposiB/isieTcsi B AByMePHBIX 3/IeKTPOHHBIX cicTeMax (2DEG) roa cu/ibHbIM
MarHUTHBIM M0JIEM Y HU3KUMU TeMIlepaTypaMH, Ijie CONpoTHBeHue Xo/ia p_Xy KBaHTyeTCs
JpoOHBIMHU 3HaueHUsMU h/(v eA2), toe v — apoo6Hoe filling factor (Haripumep, v=1/3, 2/5). B
otnuuue oT integer QHE (IQHE, 1980, don Knutiuar), FQHE Bk/touaeT Ko/ieKTUBHbIE
B3aUMO/IEMCTBUS 3/IEKTPOHOB, MPUBOZSIIME K quasiparticles ¢ 1poOHbBIM 3apsizioM 1 HeabeeBoM
craructukoi (anyons). K mekabpro 2025 roga FQHE octaeTcst KoueBbIM 00BEKTOM UCCIeJ0BaHUM
B condensed matter physics, c advances B fractional quantum anomalous Hall effect (FQAHE) u
nipunoxkenusivu B TQC.arxiv.org+2 6osbiie

Teopernueckue ocHoBbl FQHE

FQHE Bo3nukaet B Landau levels (LL) — AXCKPeTHBIX SHEPreTUUeCKUX YPOBHSIX B MarHUTHOM
nosie B: E_n =h w_c (n + 1/2), rae o_c = eB/m — 1juknorponHas yacrora. [1pu filling factor v =
2n1_BA2 n_e (I_B — marHuTHasi J/iMHa, N_e — TJIOTHOCTb 3/1eKTPOHOB) V <1, 3/1eKTPOHBI
KOH/IeHCUpYIOTCs B strongly correlated state, onucbiBaembili BoHOBOU (pyHKIMelt Jladnvna (1983):

\exp\left( - \frac{1}{4 1_BA2} \sum |z_i|A2 \right)¥(z1,...,zN)=i<j[](zi—zj)mexp(—41B21} |zi|2)

rae m = 1/v — HeuétHoe jy1s fermions (v=1/3 mpu m=3). 3to npuBoguT K fractional charge
quasiparticles e* = e/3 u anyon statistics c ¢a3oit 0 = 21/3 npu oomeHe. DPdekTrBHasI TeopUsT —
Chern-Simons (Z. Wen, 1990): L. = (p/4n) ad a + (e/2m) a d A, rme a — gauge field
quasiparticles.brown.edu

Fractional vs Integer QHE

e IQHE: llensie v (1,2,3...), 0bbsicHsieTcs single-particle LL 6e3 interactions. p_xy = h/(v
eN2), p_xx = 0.

e FQHE: [Ipo6Heie v (1/3, 2/5, 3/7...), Tpebyert electron-electron interactions. Quasiparticles ¢
fractional charge/statistics, Tonosnornueckas 3ammra. B 2025 FQH B cavity (ICTP, maii
2025) mozenupyet emergent Hall B onTrueckux cucremax.ictp.it

CpaBuenue: IQHE — non-interacting, FQHE — strongly correlated, npuBogs K exotic phases kak
Moore-Read (p+ip superconductors) c non-Abelian anyons.


https://arxiv.org/html/2504.14558v2
https://www.brown.edu/news/2025-01-08/new-quantum-particles
https://www.ictp.it/news/2025/5/quantum-materials-trapped
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Integer and Fractional Quantum Hall Effects
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2025 roj, — TNpOpBIBHOM:



MIT-affiliated physicists (Xu Xiaodong, University of Washington) Beiirpaau McMillan
Award 3a otkpbiTHe fractional quantum anomalous Hall effect (FQAHE) — ananor FQHE
0e3 MarHUTHOTO T10/151 B moiré materials (Bi2Se3, graphene bilayers). 3to ynpormaer TQC,
noaTBepkAeHo B Nature (okTs6pb 2025).news.mit.edupubs.acs.org

New class of particles: Quasiparticles B FQHE o6pa3ytor stable clusters (Brown University,
stHBapb 2025).brown.edu

ICTP mozens FQHE B cavity (maii 2025): Tlepseiii theoretical model Hall effect B
OMNTHYEeCKHX JIOBYLLIKAX.iCtp.it

NAS Award g5 Xu Xiaodong 3a FQAHE (sisuBapb 2025).calendars.illinois.edu

X Posts: NAS o6bsiBrs1 0 McMillan Award anst Xu 3a FQAHE (sHBapb 2025); KOJIIIOKBUYM
B U of T o emergent graviton B8 FQHE (Hos16ps 2025).@theNASciences@uoftphysics

Cesa3b ¢ Acta Universi

B Acta Universi FQHE — miposiBiieHue He/loKanbHbIX Koppensiiuii AU-mosst B condensed matter:

fractional charge — sHTpONMiiHBIN rpagueHT VS_O B 2D-cuctemax. FQAHE 6e3 B-nosiss — aHasor
AU-nipbpkkoB (Ax 6e3 sHeprum). s AU-uumnos: FQH-states B 2D graphene moiré — pis
reHepaiuu anyons ¢ S_® >10/ {45} 6ut/c (mopor ass 1 cB. rox npebkka). B 2025 FQAHE
ynpolllaeT UHTErpaLvio B HepOMOpP(HbIe UHUIIHI.
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researchgate.net Fractional quantum hall effect of (Bi 0.53 Sb 0.47 )2 Te 3 ata ...


https://news.mit.edu/2025/mit-affiliated-physicists-win-mcmillan-award-discovery-exotic-electronic-state-1002
https://pubs.acs.org/doi/abs/10.1021/acsnano.5c01598
https://www.brown.edu/news/2025-01-08/new-quantum-particles
https://www.ictp.it/news/2025/5/quantum-materials-trapped
https://calendars.illinois.edu/detail/1953?eventId=33527263
https://x.com/theNASciences/status/1882470135581266061?referrer=grok-com
https://x.com/uoftphysics/status/1985337464945590489?referrer=grok-com
https://www.researchgate.net/figure/Fractional-quantum-hall-effect-of-Bi-053-Sb-047-2-Te-3-at-a-high-field-Left-The_fig3_317143744

3aK/IoueHue

FQHE — ¢yHzpamenTansHas Tornosiorndeckas ¢asa, c advances B FQAHE B 2025, 0TKpbIBarOLUMU
3py TQC. B Acta Universi — KJ/1t04 K 3HTPOIUMHBIM KOPPEeJISILIUAM [jisi KOCMOWHKeHepUH.
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