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“Backside problem 1”
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“Backside problem 1”
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the Luttinger volume (1 + p).
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1. Confinement transitions of the Kondo lattice

. Ancilla theory of FL* in a single band model
3. Confinement of FL* with Neel-VBS DQCP

4. Backside problem 2:

Nodal fermionic quasiparticles in d-wave SC
5. Backside problem 3:

Quantum oscillations in CDW state
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Evidence for a delocalization quantum phase transition without

symmetry breaking in CeColns
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Results for Connected Correlators: Comparison with experiment
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Confinement of SU(2)n gauge theory by charge fluctuations

e Begin with the m-flux spin liquid in the fermionic spinon description.
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Hy is invariant under SU(2) rotations in spin and SU(2)y rotations in Nambu space; U;; is

the SU(2)y gauge field.
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Confinement of SU(2)n gauge theory by charge fluctuations

e Begin with the m-flux spin liquid in the fermionic spinon description.
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Confinement of SU(2)n gauge theory by charge fluctuations
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1. Confinement transitions of the Kondo lattice

. Ancilla theory of FL* in a single band model
3. Confinement of FL* with Neel-VBS DQCP

4. Backside problem 2:

Nodal fermionic quasiparticles in d-wave SC
5. Backside problem 3:

Quantum oscillations in CDW state
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BCS /Bogoliubov quasiparticles
In a d-wave superconductor
Er = (g}, + A2)1/2
A = Ag (cosk, — cosk,)

4 nodal points where

1/2
Eko-l—q — (U%’Cﬁ_ T Uiqﬁ) p.

with v > vA.
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02  leads to 8 nodal points???




FL*>dSC*

|Ae (wzoak;r,ky )/ Ao
1.0

0.8

0.6

0.4

0.2

8 nodal points from
the Fermi pockets
and
4 nodal points from
the m-flux spin liquid

Shubhayu Chatterjee and S. Sachdey,
PRB 94,205117 (2016)
Maine Christos and S.Sachdey,
npj Quantum Materials 9,4 (2024)
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The B Higgscondehsate
allows spinons and

Bogoliubov quasiparticles
to hybridize:

8 nodal points annihilate
each other, leaving
4 nodal points
with anisotropic velocities,
just as in a BCS d-wave state.

Shubhayu Chatterjee and S. Sachdey,
PRB 94,205117 (2016)
Maine Christos and S.Sachdey,
npj Quantum Materials 9,4 (2024)



d-wave superconductor
obtained by condensing

FL* charge-e, SU(2) fundamental

boson.

Nodes of the d-wave
superconductor are remnants
of the spinons of the m-flux state.
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Quantum oscillations in cuprates. a) Underdoped YBCO (p = 0.11, T, = 62 K) (black (22))
and Hg1201 (p ~ 0.1, Te = 72 K) (red (33), x50). b) Overdoped T12201 (p ~ 0.3, Tx ~ 10 K) (28).

22. Vignolle B, et al. 2013. C. R. Physique 14:39-52

28. Vignolle B, et al. 2008. Nature 455:952-955
33. Barisic N, et al. 2013. Nat. Phys. 9:761-764
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N. Harrison and S. Sebastian

electron pocket
(PRL 106, 226402 (2011))
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Computation does not account for spinons.
o and 8 pockets

show clear quantum oscillations.

Long Zhang and Jia-Weil Mei,
EPL 114, 47008 (2016)

Pietro Bonetti, Maine Christos and S.S. (BCS), arXiv:2405.08817
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SU(2) gauge theory allows CDW with
vanishing A;; and J;;.

Mixing between electrons and

spinons removes 3 pocket.
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Ancilla theory of pseudogap metal with hole pockets and
underlying SU(2) gauge theory of m-flux spin liquid yields:

e Theory for Fermi arcs in hole-doped pseudogap metal.
e ADMR in pseudogap.
e Anti-nodal and nodal electronic dispersion.

e d-wave superconductor with 4 nodal points in both electron-
and hole-doped cuprates.

e Near-equality of dSC and charge order onset temperatures
e Multipoint correlators measured by cold atom experiments
e Theory for strange metal in the crossover from FL* to FL

e Theory for quantum oscillations in high magnetic field



