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. P The key step is to transform the electrons to a rotating reference frame along the local magnetic
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where R'R; = R;R! = 1. This introduces a SU(2) gauge invariance (distinct from the global SU(2)
spin rotation)
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Lo under which the original electronic operators remain invariant, c¢;o, — ¢;o; here U;(7) is a SU(2)
gauge-transformation acting on the s = 4+ index. So the 14 fermions are SU(2) gauge fundamentals,
carrying electromagnetic global U(1) charge, but not the SU(2) spin of the electron: they are the

where fk — —Qt(cos kaz —+ COSs ]{jy) — 4t/ COS ]{jx COS ky — W 1S fermionic “chargons” of this theory, and the density of the 1), is the same as that of the electrons.

the f : ic di : A th tif £ The bosonic R fields also carry the global SU(2) spin (corresponding to left multiplication of R)
¢ 1CTINIOLIC (ISPELSIon, € altlierromagnetic gap but are electrically neutral: they are the bosonic “spinons”. After transforming to the rotating

and Q — (7‘( — 27'('777 7'() the Qrderjng wave vector. reference frame, the spiral order parameter becomes a SO(3) Higgs field given by the complex
vector H® with
The average of the spin density obeys HY — 1,1y o' Ro“R']
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ia® aptif il € + C.C. Condensation of the Higgs field breaks the SU(2) gauge invariance down to Zs, leading to a

h b, /= ! d topological metal: a fractionalized Fermi liquid (FL*) or an algebraic charge liquid (ACL). It also
WhNere s — 4,Y, <, al'C COINPICX OIdCr parameters reconstructs the Fermi surfaces of the spinless chargons 1, while the Hall effect is the same as that

fOI‘ the Spiral ()I‘der, for electrons, ¢, in the presence of antiferromagnetic order ®,.
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Figure 1: Quasi-particle Fermi surfaces (left) and P

single-electron spectral functions (right) of spiral anti-

ferromagnetic states for p = 0.08, A = 0.63 (top) and Figure 2: Hall number ny as a function of doping for

p = 0.15, A = 0.23 (bottom), where t' = —0.35 and t" = —0.35. Results for a linear dependence, A(p) ~
n = p. Hole and electron pockets in the left panels are (p* — p), and a square root dependence, A(p) ~ \/ p* — D,
marked in red and green, respectively, while the thin where p* = 0.19 in both cases, are labeled as “Lin” and

lines indicate the bare (black) and the @ shifted (blue)

unreconstructed Fermi surfaces.

“Sqrt”, respectively.



