Time-reversal symmetry breaking and Polar Kerr effect from charge order in cuprates
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Nematic transition Phase diagram
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* Charge order has been ubiquitously found in hole doped cuprates. Seff :Oz(|Ax >4 \Ay 2)
* Polar Kerr effect has been observed in hole-doped cuprates. The most + 51 (|AL ‘4 + Ay ‘4) + 285| A, |2 |Ay ‘2 | .
natural explanation is time-reversal symmetry breaking. - The charge order terminates at a finite
L L. . DW lation length troll
* Intra-unit-cell magnetic order has been observed in polarized neutron * 32>p1, so charge order develops in either x or y direction, but not in ?o o c)orre ation length (controlled by
scattering, which indicates time-reversal symmetry is broken. both (stripes). pPINg)-

» Two preemptive orders, one nematic
and one time-reversal symmetry
breaking, set in prior to the primary
charge density wave order.

- The charge-density-wave order is
enhanced by preemptive orders, while
SC is suppressed.

_M_ TRSB transition

suonenony A (D surseaiout

-

- AA / QCP 1 QCP 2 X
// 4
5 - Polar Kerr effect requires time-reversal symmetry and both mirror symmetries to be broken. — Satisfied!
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For a general system that is not rotationally invariant, the Kerr angle can be expressed by the antisymmetric
3 7 component of the Hall conductivity.
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Spin-fermion interaction (represented by wavy lines in the figure above) Aa and Ag are related by time reversal. - If one uses linear dispersion for fermions then the interaction can be fulfilled by skew scattering by disorder,
Going beyond hot-spot analysis we find a coupling term between them which is odd in frequency.
A . ; 1 (A . ) ) A A - Gaussian-type disorder and spin fluctuations can also give nonzero result, but one has to invoke particle-hole
S = —/ Gy (k) Yy oVkya + 5/ Xo (q) Sq-S_, Set =a(|Aa|” + |Ap|*) + B1(|]AAa|® + |AB|7) asymmetry (nonlinear dispersion).
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A ; + [Z(/\AAB o AAAB)] The bulk current <AA — AB> has a finite momentum and does not couple to a uniform magnetic field. Symm-
+(]/k warq»aU“m/)’“’B S—q: B’ >0, Aa and As develop with a relative 11/2 phase difference. Time- etry-wise, the composite order ¥ can couple
q | ., i A to a uniform magnetic field. However, we
o reversal symmetry is broken. (A4 AR — A% Ap) = 1T argue this coupling is via a surface current,
AQ (Q ) SQT Z G w k)G (w k) Akw (Qm/) which vanishes in thermodynamical limit.
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Q SgT Ago (Qm’)
Akﬁ(Qm) Z G1(Wm, k)G2(Wm, k) k2 1+ k2 1[0, — Q0] Going beyond mean-field analysis we find that nematic transition and
m’,k * y TTIRm m TRSB transition occurs at a higher temperature then the primary CDW
transition.
Even before CDW develops, C4 rotation symmetry and time-reversal
symmetry is already broken.
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Instability comes from bosonic propagator — Landau damping term.
Moving away from QCP the CDW will ultimately vanish.
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