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Abstract: | will discuss the interplay between the fermionic nodal quasiparticles of a d-wave superconductor and the various spin and charge
that have been observed in the cuprate superconductors. Fluctuations of a composite \'nematic\' order are identified as the dominant s
inelastic scattering which broadens the quasiparticle spectral function.
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Gapless nodal quasiparticles in d-wave superconductors
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Gapless nodal quasiparticles in d-wave superconductors
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FIG. 46. Superconducting gap measured at 15 K on Bi2212
(T.=87 K) plotted vs the angle along the normal-state Fernm
surface (see sketch of the Bnlloumn zone). together with a
d-wave fit. From Ding, Norman. er al. 1996.
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Photoemission spectra of La;,SryCuOy4
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Photoemission spectra of La;, SryCuOy4
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Scanning tunneling microscopy of BSCCO
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Neutron scattering measurements of dynamic spin
correlations of the superconductor (SC) in a magnetic field
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at low temperatures in /=0 (red dots) and //=7.5T (blue dots)
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Neutron scattering measurements of dvnamic spin
correlations of the superconductor (SC) in a magnetic field
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at low temperatures in /=0 (red dots) and /=7.5T (blue dots)
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at low temperatures in /=0 (red dots) and /=7.5T (blue dots)
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at low temperatures in /=0 (red dots) and /=7.5T (blue dots)
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Nematic

order in
YBCO

V. Hinkov, P. Bourges,
S. Pailhes, Y. Sidis, A. Ivanov,
C. D. Frost, T. G. Perring,
C. T..Lin, B. P Chen &

B. Keimer Nature Physics 3,
780 - 785 (2007)

a-h, The energy transfer was fixed 0
a0 meV (a.b), 47 meVY (c.d), 37.5 may
{ef) and 33.5 meV (g,/h). Panels a,c.e
and @ show scans along the 3 axis and
panels b,d.f and h scans along the b
axis. The lines are the results of fits to
gaussian profiles. We show the raw
riple-axis data; the only data
grocessing 2pplied is 2 subtmacdon of a
constant at 250 and 290 K to account
for the increased background from
muldphonan scattering. Carrections for
the Bose factor are small and were not
applied to the data. The final
wavevectar was fixed to 2.66 A= for
£37.5 meV and to 4.5 A+ aBages8sT26e
error bars indicate the statstical arror.
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at low temperatures in /=0 (red dots) and /' =7.5T (blue dots)
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SDWV field theory
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SDWV field theory
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SDWV field theory

Stable fixed point in a 6-loop RG analysis:
Wy = U] — Uy, Wo = W3 = Uy, V] = Us

O(4)®20(3) invariant theory for ¢,;, with a =1...4 an O(4) index.
and 1 = 1...3 an O(3) index. and

P = Y1 2. P2 = Pai +iYu.

M. De Prato. A. Pelissetto. and E. Vican
Phys. Rev. B 74, 144507 (2006).
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SDWV field theory
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SDWV field theory

Stable fixed point in a 6-loop RG analysis:
iy = G — iy Wy =1y =1, 1] =¥

O(4)®20(3) invariant theory for ¢,;, with a =1...4 an O(4) index.
and : = 1...3 an O(3) index. and

Py; = w1 +iv2i, P2 = Y3 + 104

M. De Prato. A. Pelissetto. and E. Vican
Phys. Rev. B 74, 144507 (2006).
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SDWV field theory
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SDWV field theory
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?roperties of O(4)20O(3) fixed point:

['he following 9 order parameters have divergent fluctuations at
‘he spin-density wave ordering transition with the same exponent

N

l*
= j P )
e The real ‘nematic’ order parameter. o = > . (|®;[* — |®;]7)
which measures breaking of Z, symmetry
‘ . ; ’ 2, 9
e Charge density waves at 2K, and 2K,: ) . ®7, and ) . @5,
i m. 2 e et - ¢ *
e Charge density waves at K; =+ Ks: ) . ®,,®5; and ) . 7, P,

At the quantum critical point, the susceptibilities of these orders
all diverge as Yy ~ I~ 7. with

-~y —

0.90(36) MZML, 6 loops
0.80(54) d = 3 MS. 5 loops
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Outline

|. Theory of SC to SC+SDWV transition
Emergent O(4) symmetry

). Nodal quasiparticles at the O(4) critical point

Unique selection of quasiparticle coupling to
(composite) nematic order

}. Theory of the onset of nematic order in a d-wave
superconductor
Infinite anisotropy fixed point
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Coupling of quasiparticles to SDWV order

T
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Coupling of quasiparticles to SDWV order

T
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Possible higher order coupling ~ |®|" T -




Coupling of quasiparticles to SDWV order

Higher - order couplings allowed by symmetry:

L1=X (|®1]° + \‘I'z|2) ( iT:‘Pl + \PZT:\PE)

Energy-energy coupling
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Coupling of quasiparticles to SDWV order

Higher - order couplings allowed by symmetry:

b —+

Lo =Xs (|®1]2 — |22 ( 25y, 4+ )

’T’Iqj-'})

Nematic coupling
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