Physics 598
Fall Semester 2022, Academic Year 2022/2023
List of Suggested Term Papers

Professor Eduardo Fradkin
October 24, 2022

1. Non-linear Sigma models and quantum spin chains.

References: F. D. M. Haldane, Phys. Lett. A 93, 464 (1983); Phys. Rev.
Lett. 50, 1153 (1983).

2. Frustrated Quantum Magnets

References: S. Sachdev, N. Read, Int. J. Mod. Phys. B 5, 219 (1991)
(arXiv:cond-mat,/0402109 ); Phys. Rev. Lett. 66, 1773 (1991)

R. Moessner and S. L. Sondhi, Phys. Rev. B 63, 224401 (2001);

O. Tchernyshyov, R. Moessner, and S. L. Sondhi, Phys. Rev. B 66, 064403
(2002)

3. Quantum Dimer Models

References: S. A. Kivelson, D. S. Rokhsar, and J. P. Sethna, Phys. Rev.
B 35, 8865 (1987)

D. S. Rokhsar and S. A. Kivelson, Phys. Rev. Lett. 61, 2376 (1988)

E. Fradkin, Field Theories of Condensed Matter Systems, Second Edition
(Cambridge University Press, 2013), Chapter 9

X. G. Wen, Phys. Rev. B 44, 2664 (1991)

C. Mudry and E. Fradkin, Phys. Rev. B 49, 5200 (1994)

R. Moessner and S. L. Sondhi, Phys. Rev. Lett. 86, 1881 (2001) ; Phys.
Rev. B 68, 054405 (2003)

R. Moessner, S. L. Sondhi, and E. Fradkin, Phys. Rev. B 65, 024504
(2001)

E. Fradkin, D. A. Huse, R. Moessner, V. Oganesyan, and S. L. Sondhi,
Phys. Rev. B 69, 224415 (2004)

R. Moessner, S. L. Sondhi, and M. O. Goerbig, Phys. Rev. B 73, 094430
(2006)

C. Castelnovo, C. Chamon, C. Mudry, P. Pujol, Ann. Phys. 318, 316-344
(2005)

S. Papanikolaou, E. Luijten, E. Fradkin, Phys. Rev. B 76, 134514 (2007)

. Localization theory and the IQHE.
References: E.Abrahams, P.W.Anderson , D. C. Licciardello and T. V.



10.

Ramakrishnan, Phys. Rev. Lett. 42, 673 (1979)

A. M. M. Pruisken, Nucl. Phys.B 235, 277 (1984)

M. P. A. Fisher, G.Grinstein, A. W. W. Ludwig and R.Shankar, Phys.Rev.B
50, 7526 (1994)

Chapter 5 of the book by S.Girvin and R.Prange, The Quantum Hall
Effect.

Quantum Hall Effect on a Lattice, Berry Phase, and Topological Invariants
References: D. J. Thouless, M. Kohmoto, P. M. Nightingale and M. den
Nijs, Phys. Rev. Lett. 46, 405 (1982)

M. Kohmoto, Ann. Phys. 160, 343 (1985)

Q. Niu, D. J. Thouless, and Y. S. Wu, Phys. Rev. B 31, 3372 (1985).

Laughlin’s theory of the FQHE.

References: R. Laughlin, Phys. Rev. Lett. 50, 1395 (1983)

R. Laughlin in Chapter 7 of the book by S.Girvin and R.Prange, The
Quantum Hall Effect.

. Hierarchies of Fractional Quantum Hall States

References: F.D.M.Haldane, Phys. Rev. Lett. 51, 605 (1983)
B.I.Halperin, Phys. Rev. Lett. 52, 1583 (1984)

F.D.M.Haldane, Chapter 8 of the book by S.Girvin and R.Prange, The
Quantum Hall Effect

J. K. Jain, Phys. Rev. B 40, 8079 ( 1989); Adv. Phys. 41, 105 (1992)

Landau-Ginzburg Theory of The FQHE

References: S. C. Zhang, T. H. Hansson and S. Kivelson, Phys. Rev. Lett.
62, 82 (1989)

Shoucheng Zhang, Int. J. Mod. Phys. B 6, 25-58 (1992)

Z.F. Ezawa, M. Hotta, and A. Iwazaki, Phys. Rev. B46,7765 (1992)

N. Read, Phys. Rev. Lett. 62, 86 (1989)

S.Kivelson, D.H. Lee and S. C. Zhang, Phys. Rev. B46, 2223-38 (1992)
Dung Hai Lee, S.Kivelson and Shoucheng Zhang, Phys. Rev. Lett. 67,
3302 (1991)

Fermion Chern-Simons Theory of the FQHE

References: Ana Loépez and Eduardo Fradkin, Phys. Rev. B44 5246
(1991); 47, 7080 (1993); 51, 4347 (1995); 59, 15323 (1999); 63, 085306
(2001)

Duality in the FQHE

References: M. P. A. Fisher and D. H. Lee, Phys. Rev.B39, 2756 (1989)
D. H. Lee and M. P. A. Fisher, Phys. Rev.B46, 2290 (1992)

Dung Hai Lee and M P A. Fisher, Phys. Rev. B39, 2756-9 (1989); Int. J.
Mod. Phys. B5, 2675-99 (1991)

E. Shimshoni, S. L. Sondhi, and D. Sahar, Phys. Rev. B 55, 13730 (1997)
E. Fradkin and S. Kivelson, Nucl. Phys. B 474, 543 (1996).



11.

12.

13.

14.

15.

16.

17.

Hart Goldman and Eduardo Fradkin, Phys. Rev. B 97, 195112 (2018).
Hart Goldman and Eduardo Fradkin, Phys. Rev. B 98, 165137 (2018)

Fractional Statistics

References: J. M. Leinaas and J. Myrheim, Il Nuovo Cimento 37, 1 (1977)
F. Wilczek, Phys. Rev. Lett. 48, 1144 (1982)

D.Arovas, J.R.Schrieffer and F. Wilczek, Phys. Rev. Lett. 53, 722 (1984).

Gauge Theories, Chern-Simons actions and the Theory of Knots.
Reference: E. Witten, Comm. Math. Phys. 121, 351 (1989).

Fractional Statistics and Chern-Simons Theory

References: A. M. Polyakov, Mod. Phys.Lett. A3, 325 (1988)

E. Witten, Comm. Math. Phys. 121, 351 (1989)

X. G. Wen, Advances in Physics 44, 405 (1995)

E. Fradkin, Field Theories of Condensed Matter Systems, Chapter 10.

Edge States and Chiral Luttinger Liquids.

References: B.I.Halperin, Phys.Rev.B25, 2185 (1982)

Xiao-Gang Wen, Phys. Rev. B41, 12838 (1990); Adv. Phys. 44, 405-73
(1995); Int. J. Mod. Phys. B6, 1711-62 (1992)

M. Stone, Phys. Rev. B42, 8399 (1990); Ann.Phys.(NY)206, 38 (1991);
Int. J. Mod. Phys. B5, 509 (1991).

Skyrmions and other topological excitations

References: S.L.Sondhi, A. Karlhede, S.Kivelson and E.Rezayi, Phys.
Rev. B47, 16419-26 (1993)

K. Moon, H. Mori, Kun Yang, S. M. Girvin, A. H. MacDonald, L. Zheng,
D. Yoshioka and Shoucheng Zhang, Phys. Rev. B51, 5138-70 (1995)

Non-Abelian FQH States

References: N. Read and G. Moore, Nucl. Phys. B360, 362 (1991)

M. Greiter, X.G. Wen and F. Wilczek, Phys. Rev. Lett. 66, 3205 (1991)
M. Milovanovic and N. Read, Phys. Rev. B53, 13559 (1996)

N. Read and D. Green, Phys. Rev. B61, 10267 (2000)

N. Read and E. Rezayi, Phys. Rev. B59, 8084 (1999)

Xiao-Gang Wen, Phys. Rev. B60, 8827 (1999)

B. Andrei Bernevig, F.D.M. Haldane, Phys. Rev. Lett. 101, 246806
(2008)

Tunneling in FQH states

References: X.G.Wen, Phys. Rev. B44, 5708 (1991)

C.Kane and M.P.A Fisher, Phys. Rev. Lett. 68, 1220 (1992); Phys. Rev.
B46, 15233 (1992); Phys. Rev. Lett. 72, 724 (1994)

P. Fendley, A.Ludwig and H.Saleur, Phys. Rev. B52, 8934 (1995)

C. de C. Chamon, D.Freed and X.G.Wen, Phys. Rev. B51, 2363 (1995);
Phys. Rev. B53, 403 (1996)

C. Chamon and E. Fradkin, Phys. Rev. B56, 2012 (1997)



18.

19.

20.

21.

P. Fendley, M.P.A. Fisher, and C. Nayak, Phys. Rev. Lett. 97, 036801
(2006); Phys. Rev. B 75, 045317 (2007).

Quantum Interferometers and Fractional Statistics

References: C. Chamon, D. E. Freed, S. A. Kivelson, S. L. Sondhi and X.
G. Wen, Phys. Rev. Lett. 55, 2331 (1997)

E. Fradkin, C. Nayak, A. Tsvelik and F. Wilczek, Nucl. Phys. B516, 704
(1998)

A. Stern and B. I. Halperin, Phys. Rev. Lett. 96, 016802 (2006)

P. Bonderson, A. Kitaev, and K. Shtengel, Phys. Rev. Lett. 96, 016803
(2006)

P. Bonderson, K. Shtengel, and J. K. Slingerland, Annals of Physics 323,
2709 (2008); Phys. Rev. Lett. 97, 016401 (2006)

W. Bishara, P. Bonderson, C. Nayak, K. Shtengel, and J. Slingerland,
Phys. Rev. B80, 155303 (2009)

D. E. Feldman and Alexei Kitaev, Phys. Rev. Lett. 97, 186803 (2006)
Eddy Ardonne, Eun-Ah Kim, J. Stat. Mech. (2008) L04001

Experiments on Quantum Interferometers

References: F. E. Camino, Wei Zhou, V. J. Goldman, Phys. Rev. B 72,
075342 (2005)

R.L. Willett, L.N. Pfeiffer, K.W. West, arXiv:0807.0221; arXiv:0911.0345
M. Dolev, M. Heiblum, V. Umansky, Ady Stern and D. Mahalu, Nature
452, 829 (2008)

Tuliana P. Radu, J. B. Miller, C. M. Marcus, M. A. Kastner, L. N. Pfeiffer,
K. W. West, Science 320, 899 (2008)

J. B. Miller, I. P. Radu, D. M. Zumbiihl, E. M. Levenson-Falk, M. A.
Kastner, C. M. Marcus, L. N. Pfeiffer, and K. W. West, Nature Phys. 3,
561 (2007).

J. Nakamura, S. Liang, G. C. Gardner, and M. J. Manfra, Nature Physics
16, 931 (2020)

H. Kundu, S. Biswas, N. Ofek, V. Umansky, and M. Heiblum, arXiv:2203.04205.

H. Bartolomei, M. Kumar, R. Bisognin, A. Marguerite, J. -M. Berroir, E.
Bocquillon, B. Plagais, A. Cavanna, Q. Dong, U. Gennser, Y. Jin, G. Feve,
Science 368, 173 (2020).

Effective Theories of the abelian and non-abelian FQHE

References: X. G. Wen and A. Zee, Phys. Rev. B46, 2290 (1992)

J. Frohlich and A. Zee, Nucl. Phys. B364, 517 (1991)

X. G. Wen, Adv. Phys. 44, 405-73 (1995)

E. Fradkin, C. Nayak, A. Tsvelik and F. Wilczek, Nucl. Phys. B516, 704
(1998)

E. Fradkin, C. Nayak and K. Schoutens, Nucl. Phys. B546, 711 (1999)
Xiao-Gang Wen, Phys. Rev. B60, 8827 (1999)

M. Barkeshli and Xiao-Gang Wen, Phys. Rev. B 81, 155302 (2010.

Quantum Loop Models and Topological Phases
References: Michael H. Freedman, Comm. Math. Phys. 234, 129 (2003)



22.

23.

X. G. Wen, Phys. Rev. Lett. 90, 016803 (2003)

M. H. Freedman, C. Nayak, K. Shtengel and K. Walker, Ann. Phys. 310,
428 (2004)

E. Ardonne, P. Fendley and E. Fradkin, Ann. Phys. 310, 493 (2004)

P. Fendley and E. Fradkin, Phys. Rev. B72, 024412 (2005)

M. Levin and X. G. Wen, Phys. Rev. B67, 245316 (003); Phys. Rev.
B71, 045110 (2005)

M. Troyer, S. Trebst, K. Shtengel and C. Nayak, Phys. Rev. Lett. 101,
230401 (2008)

P. Fendley, Annals of Physics 323, 3113 (2008)

M. Oshikawa, Y.B. Kim, K. Shtengel, C. Nayak, and S. Tewari, Ann.
Phys. 322, 1477 (2007)

A. Kitaev, Ann. Phys. 321, 2 (2006)

Topological Quantum Computing

References: Alexei Kitaev, Ann. Phys. 303, 2 (2003) and arXiv:quant-
ph/9707021

M. H. Freedman, A. Kitaev, and Z. Wang, Comm. Math. Phys. 227, 587
(2002)

N. Bonesteel, L. Hormozi, G. Zikos and S. H. Simon, Phys. Rev. Lett.
95, 140503 (2005)

S. B. Chung and M. Stone, Phys. Rev. B 73, 245311 (2006)

Sankar Das Sarma, Michael Freedman, and Chetan Nayak, Physics Today
7, 32 (2006)

Chetan Nayak, Steven H. Simon, Ady Stern, Michael Freedman, and
Sankar Das Sarma, Rev. Mod. Phys. 80, 1083 (2008)

Michael Freedman, Chetan Nayak, Kevin Walker, Phys. Rev. B 73,
245307 (2006)

S. Das Sarma, M. Freedman, C. Nayak, Phys. Rev. Lett 94, 166802
(2005)

P. Bonderson, M. Freedman, C. Nayak, Phys. Rev. Lett. 101, 010501
(2008); Ann. Phys. 324, 787-826 (2009)

J. Preskill, www.theory.caltech.edu/~preskill/ph219/topological.pdf
Alexei Kitaev, Chris Laumann, arXiv:0904.2771

E. Ardonne and K. Schoutens, Ann. Phys. 322, 201 (2007)

S. Tewari, S. Das Sarma, C. Nayak, C. Zhang, and P. Zoller, Phys. Rev.
Lett. 98, 010506 (2007).

Quantum entanglement in 1D critical systems

References: C. Callan and F. Wilczek, Phys. Lett. B333, 55 91994)

C. Holzhey, F. Larsen and F. Wilczek, Nucl. Phys. B424, 443 (1994)
P.Calabrese and J. Cardy, J. Stat. Mech. (JSTAT)04, P06002 (2004)

P. Calabrese and J. Cardy, J. Phys. A42, 504005 (2009)

I. Affleck, N. Laflorencie and E. Sgrensen, J. Phys. A42, 504009 (2009)
G. Vidal, J. I. Latorre, E. Rico, and A. Kitaev, Phys. Rev. Lett. 90,
227902 (2003)



24. Quantum Entanglement and Quantum Criticality
References: P. Calabrese and J. Cardy, J. Phys. A42, 504005 (2009)
E. Fradkin, Journal of Physics A: Math. Theor. 42, 504011 (2009)
Benjamin Hsu, Michael Mulligan, Eduardo Fradkin, Eun-Ah Kim, Phys.
Rev. B 79, 115421 (2009)
Eduardo Fradkin, Joel E. Moore, Phys.Rev.Lett. 97, 050404 (2006)
Max A. Metlitski, Carlos A. Fuertes, Subir Sachdev, Phys. Rev. B 80,
115122 (2009)
H. Casini, M. Huerta, R. C. Myers, JHEP 05, 036 (2011).

25. Quantum entanglement in topological phases
References: A. Kitaev and J. Preskill, Phys. Rev. Lett.96, 110404 (2006)
M. Levin and X. G. Wen, Phys. Rev. Lett. 96, 110405 (2006)
S. Dong, E. Fradkin, R. G. Leigh, and S. Nowling, J. High Energy Phys.
(JHEP) 05, 016 (2008)
Yi Zhang, Tarun Grover, Ari Turner, Masaki Oshikawa, and Ashvin Vish-
wanath, Phys. Rev. B 85, 235151 (2012).

26. Theory of Topological Insulators
References: J. E. Moore, L. Balents, Phys. Rev. B 75, 121306(R) (2007)
R. Roy, Phys. Rev. B79, 195321 (2009); 79, 195322 (2009)
M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010)
Jeffrey C.Y. Teo and C.L. Kane, Phys. Rev. Lett. 104, 046401 (2010)
Jeffrey C.Y. Teo, Liang Fu, C.L. Kane, Phys. Rev. B 78, 045426 (2008)
Liang Fu, C.L. Kane, Phys. Rev. B 76, 045302 (2007)
C.L. Kane, E.J. Mele, Phys. Rev. Lett. 95, 146802 (2005)
B. Andrei Bernevig, Taylor L. Hughes, Shou-Cheng Zhang, Science, 314,
1757 (2006)
Xiao-Liang Qi, Taylor Hughes, Shou-Cheng Zhang, Phys. Rev. B 78,
195424 (2008)
Chaoxing Liu, Taylor L. Hughes, Xiao-Liang Qi, Kang Wang, and Shou-
Cheng Zhang, Phys. Rev. Lett. 100, 236601 (2008)
Shuichi Murakami, Naoto Nagaosa, Shou-Cheng Zhang, Phys. Rev. Lett.
93, 156804 (2004)
Yi Zhang, Ying Ran, Ashvin Vishwanath, Phys. Rev. B 79, 245331
(2009)
Kai Sun, Hong Yao, Eduardo Fradkin, Steven A. Kivelson, Phys. Rev.
Lett. 103, 046811 (2009)
Andreas P. Schnyder, Shinsei Ryu, Akira Furusaki, and Andreas W. W.
Ludwig, Phys. Rev. B 78, 195125 (2008)
Alexei Kitaev, ATP Conference Proceedings 1134, 22 (2009); arXiv:0901.2686.

27. Theory of Topological Superconductors
References: M. Stone and S. B. Chung, Phys. Rev. B73, 014505 (2006)
M. Stone and R. Roy, Phys. Rev. B69, 184511 (2004)
A. Stern, F. von Oppen and E. Mariani, Phys. Rev. B 70, 205338 (2004)
D. A. Ivanov, Phys. Rev. Lett. 86, 268 (2001)



28.

29.

30.

T. M. Rice and M. Sigrist, J. Phys.: Cond. Matt.7, 1643 (1995)

R. Roy, Phys. Rev. lett. 195, 186401 (2010); arXiv:0803.2868; arXiv:cond-
mat /0608064

Xiao-Liang Qi, Taylor L. Hughes, Srinivas Raghu, Shou-Cheng Zhang,
Phys. Rev. Lett. 102, 187001 (2009)

Pavan Hosur, Shinsei Ryu, and Ashvin Vishwanath, Phys. Rev. B 81,
045120 (2010)

S. Tewari, S. Das Sarma, and D. H. Lee, Phys. Rev. Lett. 99, 037001
(2007).

Quantum Simulation of Topological Order

K. J. Satzinger et al, Science 374, 1237 (2021)

Google Quantum Al and collaborators, arXiv:2210.10255

Y. D. Lensky, K. Kechedzhi, I. Aleiner, and E.-A. Kim, arXiv:2210.09282
H. Bombin, Phys. Rev. Lett. 105, 030403 (2010)

M. Barkeshli, X.-L Qi, Physical Review X 2, 031013 (2012

J. C. Teo, T. L. Hughes, and E. Fradkin, Annals of Physics 360, 349
(2015).

Dualities in 241 dimensional field theory

Michael E. Peskin, Annals of Physics 113, 122 (1978)

C. Dasgupta and B. I. Halperin, Phys. Rev. lett. 47 1556 (1981)
Eduardo Fradkin and Fidel A. Schaposnik, Phys. Lett. B 338, 253 (1994)
Chong Wang and T. Senthil, Phys. Rev. X 5, 041031 (2015)

Nathan Seiberg and Edward Witten, Prog. Theor. Exp. Phys. 2016,
12C101, arXiv:1602.0525

Nathan Seiberg, T. Senthil, Chong Wang, and Edward Witten, Ann.
Phys. 374, 395 (2016).

Dirac fermions on lattices and quantum anomalies:

L. Susskind, Phys. Rev. D 16, 3031 (1977).

Paul H. Ginsparg and Kenneth G. Wilson, Phys. Rev. D 25, 2649 (1982)
H. B. Nielsen and M. Ninomiya, Phys. Lett. B 105, 219 (1981)

H. B. Nielsen and Masao Ninomiya, Phys. Lett. B 130, 389 (1983)

H. B. Nielsen and M. Ninomiya, Nucl. Phys. B 185, 20 (1981); Nucl.
Phys. B 193, 173 (1981)

Maarten F. L. Golterman, Karl Jansen and David B. Kaplan, Phys. Lett.
B 301, 219 (1993)

Eduardo Fradkin, Elbio Dagotto and Daniel Boyanovsky, Physical Review
letters 57, 2967 (1986)

Daniel Boyanovsky, Elbio dagotto and Eduardo Fradkin, Nucl. Phys. B
285, 340 (187).



