arXiv:hep-th/0507111 v1 12 Jul 2005

Recent Research Developments in Physics

A UNIFYING CONFORMAL FIELD THEORY APPROACH TO THE QUANTUM HALL EFFECT

Gerardo Cristofano

Dipartimento di Scienze Fisiche, Universitá di Napoli “Federico II” and INFN, Sezione di Napoli-Via Cintia - Compl. universitario M. Sant’Angelo - 80126 Napoli, Italy

Giuseppe Maiella

Dipartimento di Scienze Fisiche, Universitá di Napoli “Federico II” and INFN, Sezione di Napoli-Via Cintia - Compl. universitario M. Sant’Angelo - 80126 Napoli, Italy

Vincenzo Marotta

Dipartimento di Scienze Fisiche, Universitá di Napoli “Federico II” and INFN, Sezione di Napoli-Via Cintia - Compl. universitario M. Sant’Angelo - 80126 Napoli, Italy

Adele Naddeo

Dipartimento di Scienze Fisiche, Universitá di Napoli “Federico II” and Coherentia-INFM, Unità di Napoli-Via Cintia - Compl. universitario M. Sant’Angelo - 80126 Napoli, Italy

Giuliano Niccoli

Sissa and INFN, Sezione di Trieste - Via Beirut 1 - 34100 Trieste, Italy

RUNNING TITLE: A UNIFYING CFT FOR THE QUANTUM HALL EFFECT

ABSTRACT

We review the main results of the effective description of the Quantum Hall fluid for the Jain fillings, ν =^m_{2pm+1} , and the non-standard ones ν =^m_{pm+2} by a conformal field theory (CFT) in two dimensions. It is stressed the unifying character of the m-reduction procedure to construct appropriate twisted CFT models, called Twisted Models (TM), which by construction reproduce the Quantum Hall topological properties at those fillings. Indeed for the Jain plateaux we find that the different descriptions given in the literature fall into different sectors of the TM for the torus topology. Other interesting aspects are explicitly seen for the m = 2 non standard filling ν =^1_{p+1} (the pairing case) as the merging of non-Abelian statistics or the instability of the TM model (c = 2) versus the Moore-Read one (c =^3_2 ). Furthermore by using Boundary CFT techniques the presence of localized impurities and/or dissipation is shown to be closely connected with the twisted sector of the TM, whose presence assures the consistency of the construction and whose role in describing non trivial global properties of 2D quantum condensed matter systems is still under study.

Keywords: Vertex operator, Conformal Field Theory, Quantum Hall Effect

References

[1] S. Fubini, C. A. Lutken, Mod. Phys. Lett. 6 A (1991) 487.

[2] G. Cristofano, G. Maiella, R. Musto, F. Nicodemi, Phys. Lett. B 262 (1991) 88; G. Cristofano, G. Maiella, R. Musto, F. Nicodemi, Mod. Phys. Lett. A 7 (1992) 2583.

[3] G. Cristofano, G. Maiella, R. Musto, F. Nicodemi , Nucl. Phys. B 33C (1993) 119. [4] J. Fröhlich and A. Zee, Nucl. Phys. B 364 B (1991) 517; X.-G. Wen and A. Zee, Phys. Rev. B 46 (1993) 2290. J. Fröhlich and E. Thiran, J. Stat. Phys. 76 (1994) 209; J. Fröhlich, T. Kerler, U. M. Studer and E. Thiran, Nucl. Phys. B 453 (1995) 670.

[5] A. Cappelli, C. A. Trugenberger and G. R. Zemba, Nucl. Phys. B 448 (1995) 470; for a review, see: Nucl. Phys. (Proc. Suppl.) B 45A (1996) 112; A. Cappelli, G.R. Zemba, Nucl. Phys. B 540 (1999) 610.

[6] G. Cristofano, G. Maiella, V. Marotta, Mod. Phys. Lett. A 15 (2000) 547. [7] M. Fukuma, H. Kawai, R. Nakayama, Comm. Math. Phys. 143 (1992) 371. [8] B. Bakalov, E. Horozov, M. Yakimov, J. Phys. A 190 (1996) 5565.

[9] V. Marotta, J. Phys. A 26 (1993) 3481; V. Marotta, Mod. Phys. Lett. A 13 (1998) 853; V.

Marotta, Nucl. Phys. B 527 (1998) 717; V. Marotta, A. Sciarrino, Mod. Phys. Lett. A 13, 2863 (1998).

[10] G. Cristofano, G. Maiella, V. Marotta, Mod. Phys. Lett. A 15 (2000) 1679. [11] G. Cristofano, V. Marotta, A. Naddeo, Phys. Lett. B 571 (2003) 250; Nucl. Phys. B 679 (2004) 621.

[12] P. Bouwknegt, K. Schoutens, Phys. Rept. 223 (1993) 183.

[13] A. Cappelli, C. A. Trugenberger and G. R. Zemba, Nucl. Phys. B 396 (1993) 465; Phys. Lett.

B 306 (1993) 100; Phys. Rev. Lett. 72 (1994) 1902; for a review, see: A.Cappelli, G. V. Dunne, C. A.Trugenberger and G. R. Zemba, Nucl. Phys. B (Proc. Suppl.) 33 C (1993) 21.

[14] V.A. Fateev, A.B. Zamolodchikov, Sov. Phys. JETP 62 (1985) 215, Nucl. Phys. B 280 (1989) 644; V.A. Fateev, S.L. Lukyanov, Int. J. Mod. Phys. A 3 (1988) 507.

[15] G. Moore and N. Read, Nucl. Phys. B360 (1991) 362.

[16] G. Cristofano, D. Giuliano and G. Maiella, J. Phys. I France 7 (1997) 1033. [17] V. G. Kac, I. T. Todorov, Comm. Math. Phys. 190 (1997) 57. [18] V. Pasquier, D. Serban, Phys. Rev. B 63 (2001) 153311. [19] B. I. Halperin, Helv. Phys. Acta. 56 (1983) 1031.

[20] For a review, see: X. G. Wen, Int. J. Mod. Phys. B 6 (1992) 1711; Adv. in Phys. 44 (1995) 405.

[21] G. Cristofano, G. Maiella, V. Marotta, G. Niccoli, Nucl. Phys. B 641 (2002) 547. [22] A. De Martino, R. Musto Int. J. Mod. Phys. B 9 (1995) 2839.

[23] G. Cristofano, V. Marotta, G. Niccoli, JHEP 0406 (2004) 056.

[24] V. Kac, A. Radul, Comm. Math. Phys. 157 (1993) 429; E. Frenkel, V. Kac, A. Radul, W.

Wang, Comm. Math. Phys. 170 (1995) 337; H. Awata, M. Fukuma, Y. Matsuo, S. Odake, Prog. Theor. Phys. (Supp.) 118 (1995) 343.

[25] F.D.M. Haldane and E.H. Rezayi, Phys. Rev. Lett. 60 956 (1988); Phys. Rev. Lett. 60 1886 (1988).

[26] J.D. Naud, L. P. Pryadko, S.L. Sondhi, Nucl. Phys. B 565 (2000) 572. [27] A. Cappelli, G. R. Zemba, Nucl. Phys. B 490 (1997) 595.

[28] A. Cappelli, L. S. Georgiev and I. T. Todorov, Commun. Math. Phys. 205 657 (1999) [29] K. Ino, Nucl. Phys. 532 B (1998) 783.

[30] P. Di Francesco, P. Mathieu and D. Senechal, Conformal Field Theories, Springer-Verlag, (1996).

[31] D. C. Cabra, A. Lopez and G. L. Rossini Eur. Phys. J. 19 B (2001) 21. [32] T.L. Ho, Phys. Rev. Lett. 75 (1995) 1186. [33] C. Nayak, F. Wilczek, Nucl. Phys. B 479 (1996) 529. [34] M. Oshikawa and I. Affleck, Nucl. Phys. B 495 (1997) 533.

[35] N. Ishibashi, Phys. Lett. A 4 (1989) 251; J. L. Cardy, Nucl. Phys. B 324 (1989) 581. [36] V.B. Petkova and J.B. Zuber, Phys. Lett. B 504, (2001) 157; U. Grimm, “Duality and conformal twisted boundaries in the Ising model”, hep-th/0209048.

[37] A. Cappelli, G. D’Appollonio, JHEP 02 (2002) 039; J. Fuchs, C. Schweigert, Phys. Lett.B 414 (1997) 251.

[38] I. Affleck, A.W.W. Ludwig, Phys. Rev. Lett. 67 (1991) 161; I. Affleck, A.W.W. Ludwig, Phys.

Rev.B 48(1993) 7297.

[39] C. Nayak, M.P.A. Fisher, A.W.W. Ludwig, H.H. Lin, Phys. Rev. B 59 (1999) 15694; H. Yi, C.

L. Kane, Phys. Rev. B 57 (1998) R5579.

[40] P. Nozières, A. Blandin, J. Phys.(Paris) 41 (1980) 193; C.L. Kane, M.P.A. Fisher, Phys. Rev.

B 46 (1992) 15233.

[41] G. Cristofano, D. Giuliano, G. Maiella, L. Valente, Int. Jou. Mod. Phys. B 9 (1995) 707; Int.

Jou. Mod. Phys. B 9 (1995) 3229; G. Cristofano, D. Giuliano, G. Maiella, Jou. de Phys. I (1996) 861.

[42] C. G. Callan, I. R. Klebanov, J. M. Maldacena, A. Yegulalp, Nucl. Phys. B443 (1995) 444. [43] L. Cappiello, G. Cristofano, G. Maiella, V. Marotta, Mod. Phys. Lett. A 17 (2002) 1281. [44] G. Cristofano, V. Marotta, G. Niccoli, hep-th/0412085.