Physics 268r Problem Set 4 Due: Monday, May 3, 2004

Problem 1
Consider an SO(5) quantum rotor model
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Here n, (i) describes the SO(5) superspins defined for each lattice site i and Ly (7) are
operators of the SO(5) rotations. The operators obey the commutation relations

[Lab(i)a Lcd(])] = _iéij (5acLbd + 5deac - 5adLbc - 5bcLad)
[Lab (i), ne(5)] = —i6ij (Gacrp — Gpenia)

[na(i), 7 (5)] = 0
a) Discuss the phase diagram of (1).

b) Calculate the excitation spectrum of (1) in various phases. Hint: write Heisenberg
equations of motion for Lg(7), ng(7) and linearize them.

Problem 2

Consider the 1-dimensional electron system in Fig 1. Let ai’  be creation operators for
the right/left moving electrons of momentum +k; + k. We define total spin, total charge,
and 6 operators
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We also introduce order parameters for triplet superconductivity and antiferromagnetism
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a) Show that spin operators S, obey the SO(3) spin algebra



[Sa; Sﬂ] =1 Eapy Sy

b) Show that one can combine operators #%,6 and @ in such a way that they form an
SO(3) isospin algebra

[Iaa Ib] =1 5abclc

c*) Show that one can combine real vectors N,, Re1,, and Im 1), in such a way that we
have an order parameter which transforms as a vector representation under both spin and
isospin SO(3) symmetries. Hint: Vector representation corresponds to [Og, Vs] = 7 €46c Ve,
where 0, is a symmetry generator and V} is an order parameter.



