






generate unphysical non-analytic terms in the effective
action. So we obtained the RG equations by [18] using
a soft cutoff at scale Λ, and by taking a Λ derivative of
the renormalized vertices and self energies. We obtained
equations for all the velocities, the dynamic exponent z,
and the field anomalous dimensions to one-loop order in
the non-linearities λ, u, v. For (D,E,F) a simple and ro-
bust effect preempts a fixed point: the structure of M1,2

produces opposite sign renormalizations for vF,∆, in a
manner that both flow equations cannot simultaneously
be at a fixed point; (G) required a more detailed analysis.

Our main result is that, among the 7 transitions con-
sidered here, only for those involving onset of dx2−y2 + is
or dx2−y2 + idxy pairing in a dx2−y2 superconductor did
we find a universal critical theory of coupled fermionic
and bosonic order parameter modes below its upper crit-
ical dimension. Such transitions naturally satisfy (a).
Upon further imposing condition (b), case (B), with
dx2−y2 +idxy pairing, is uniquely selected: from the basis
functions in Fig 1 we see that φ couples to fermions in all
directions for (A), while the fermionic coupling vanishes
along the (1, 0), (0, 1) directions for (B)—so the gapped
fermions along (1, 0), (0, 1) will [will not] develop a tail in
their spectral density above the gap, arising from emis-
sion of numerous φ quanta, for (A) [(B)].

Pairing in the dx2−y2 + idxy channel has been consid-
ered in numerous works recently [19], with the order in
the ground state either global (induced spontaneously or
by an external magnetic field) or local (in the vicinity of
defects [20], surfaces [21], or vortices [22]). Here we only
require strong fluctuations of such order, induced by a
proximity to a hypothetical point in the phase diagram
where global order arises. While experimental discov-
ery of such a point is of course preferable, tests of our
proposal would also be provided by signals of φ fluctu-
ations. This is a spin-singlet mode with dxy symmetry,
odd under time-reversal, and at T = 0 it has spectral
weight with mean frequency and width both of order an
energy scale∼ (r−rc)zν (where ν is the usual length-scale
exponent)—we estimate this scale is ∼ 5 − 10 K; in the
quantum-critical region the characteristic energy scale is
kBT/h̄. Fluctuations of φ should lead to anomalies in
Raman scattering [23] and Hall transport [24]: these is-
sues will be discussed in future work.
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[18] E. Brézin, J. C. Le Guillou, J. Zinn-Justin in Phase

Transitions and Critical Phenomena, 6, C. Domb and
M. S. Green eds, Academic Press, London (1976), Sec-
tion 5.

[19] See the review M. Sigrist, Prog. Theor. Phys. 99, 899
(1998).

[20] F. Tafuri and J. R. Kirtley, cond-mat/0003106.
[21] M. Covington et al., Phys. Rev. Lett. 79, 277 (1997);

S. Kos cond-mat/0006047.
[22] M.-R. Li, P. J. Hirschfeld, and P. Woelfle, cond-

mat/0003160; J. H. Han and D.-H. Lee, cond-
mat/0003222.

[23] B. S. Shastry and B. I. Shraiman, Phys. Rev. Lett. 65,
1068 (1990); S. Yoon et al., cond-mat/0003250.

[24] K. Krishana et al., Phys. Rev. Lett. 82, 5108 (1999).

4

http://xxx.lanl.gov/abs/cond-mat/0003243
http://xxx.lanl.gov/abs/cond-mat/0003243
http://xxx.lanl.gov/abs/cond-mat/0002349
http://xxx.lanl.gov/abs/cond-mat/9910224
http://xxx.lanl.gov/abs/cond-mat/9912380
http://xxx.lanl.gov/abs/cond-mat/9912380
http://xxx.lanl.gov/abs/cond-mat/0005457
http://xxx.lanl.gov/abs/cond-mat/0005443
http://xxx.lanl.gov/abs/cond-mat/0003163
http://xxx.lanl.gov/abs/cond-mat/0004482
http://xxx.lanl.gov/abs/cond-mat/0005390
http://xxx.lanl.gov/abs/cond-mat/0005250
http://xxx.lanl.gov/abs/cond-mat/0001303
http://xxx.lanl.gov/abs/cond-mat/0001428
http://xxx.lanl.gov/abs/cond-mat/0003106
http://xxx.lanl.gov/abs/cond-mat/0006047
http://xxx.lanl.gov/abs/cond-mat/0003160
http://xxx.lanl.gov/abs/cond-mat/0003160
http://xxx.lanl.gov/abs/cond-mat/0003222
http://xxx.lanl.gov/abs/cond-mat/0003222
http://xxx.lanl.gov/abs/cond-mat/0003250


ar
X

iv
:0

80
1.

37
65

v1
  [

co
nd

-m
at

.s
tr

-e
l]

  2
4 

Ja
n 

20
08

Erratum: Quantum phase transitions in d-wave superconductors
Phys. Rev. Lett. 85, 4940 (2000)
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We correct an error in our paper Phys. Rev. Lett. 85, 4940 (2000) [arXiv:cond-mat/0007170].
Our characterization of the physical properties of the superconducting state G was incorrect: it
breaks time-reversal symmetry, carries spontaneous currents, and possesses Fermi surface pockets.

In the discussion of case G in Ref. 1, above Eq. (4), the
single sentence “The state X retains T and the gapless
nodal points, but has C4v broken to Z2” is incorrect. The
state X = G breaks T (time-reversal), and has sponta-
neous electrical currents. For φx 6= 0 and φy = 0 (or vice
versa) the currents have the same symmetry as those in
the state ΘII discussed by Simon and Varma [2]. Also,
as pointed out by Berg et al. [3], the nodal quasiparti-
cles do not survive in the superconducting state G, but
turn into Fermi pockets. The latter conclusion can be
verified from the fermion spectrum obtained by diago-
nalizing Eqs. (1)+(5) for constant φx,y.

All other sentences and the conclusions in the paper
[1] remain unchanged.

Also, in the companion paper, Ref. 4, the only error is
in the sketch of the fermion excitations in Fig. 2 for case

G.
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