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Abstract: We discuss the coupling of fermions to holographic superconductors in 3+1 and 4+1 (bulk) dimensions. We do so from a top
perspective, by considering the reduction of the fermionic sector in recently found consistent truncations of type 1B and D=11 supergrav
squashed Sasaki-Einstein manifolds, which notably retain a finite number of charged (massive) modes. The truncations in question also inc
string/M-theory embeddings of various models which have been proposed to describe systems with non-relativistic scale invariance via holo
We show that the lower-dimensional effective action for the fermion modes includes certain interactions that had been discussed in bot
constructions, as well as a variety of new couplings that may be relevant for applications of holographic techniques to the study of condenset
systems
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Motivation

@ In recent years, there has been an increasing interest in applying
holographic techniques to construct models which capture basic

features of various condensed matter systems.

@ Ultimately, we would like to access the strong-coupling regime of
systems which can be engineered in the lab ("real life").

@ It is fair to say that this goal has not been attained so far (lattice
models?, d-wave superconductors?, etc).

@ More modestly, we can still aim to describe generic properties of
theories in the same universality class of a gquantum critical point.
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@ These efforts have been largely of a phenomenological nature,
where different configurations of bulk matter fields are devised to
model particular phenomena.

» Abelian bulk gauge fields give raise to chemical potential, charge
density, magnetic fields, etc. in the dual field theory.

» Charged scalars model (s-wave) superfluids/superconductors.

» Non-Abelian gauge fields model p-wave superconductors.

@ One of the first examples of these applications was the "HHH"
holographic superconductor (Hartnoll, Herzog, Horowitz, 2008)
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@ Below a certain critical temperature T there are "hairy” black hole
solutions with a non-trivial profile for ¢ (Gubser, 2008). This has the
interpretation of a scalar operator condensing in the dual field
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@ We will focus on fermions, because of their interest in CM systems
(e.g. strongly interacting cold fermion gases, BCS
superconductivity, etc.)

@ So far, fermions have been added to the existent holographic
modeils in an ad hoc way.

@ Early examples include minimally coupled Dirac fermions in the
extremal RN-AdS black hole background (Faulkner et. al., 2009).
They found:

» Fermi surfaces.
» Emergent scaling behavior in the IR, of non-Fermi liquid type.

» Features resembling the strange metal region in the phase diagram
of the cuprate ("high T.") superconductors.
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@ (Chen, Kao, Wen, 2009) computed the spectral function of fermion
operators dual to bulk Dirac fermionsinthe T =0
superconducting ground-state of the H®> model (Horowitz, Roberts).

@ Similarly, a Majorana coupling was introduced in the same
background (Faulkner et. al., 2009)

S = Spirac + / d4xv —g (5 W*FFSg ¥ h-C)

In the T = 0 limit of the superconducting phase, this coupling
introduces stable gapped quasiparticles in the spectrum.

@ (Gubser, Rocha, Talavera, 2009) studied minimally coupled Dirac
fermions in a T = 0 superconducting AdS, domain wall
background (bosonic sector obtained from top-down model).
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@ The bosonic models of holographic superconductivity in (2 + 1)
and (3 + 1) dimensions have been successfully embedded in
String/M-theory.

@ This has been also done for the duals of systems with
non-relativistic conformal symmetry at both zero and finite
temperature.

@ The question we set ourselves to answer is: can we consistently
add fermion modes to these compactifications? A: yes!

@ These dimensionally reduced theories will display a rich structure.
Moreover, even in bottom-up models we can gain useful guidance
from looking at top-down constructions.
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Cnnsistem bosonic truncations |

Outline

e Consistent bosonic truncations
@ D = 11 supergravity
@ Type |IB supergravity
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Some SUGRA jargon

@ A tfruncation entails throwing away a certain number of modes
arising in the compactification.

@ If these are not sourced by the modes we kept, we call the
tfruncation consistent.

@ Equivalently, a consistent truncation is such that any solution of
the lower-dimensional theory can be uplifted to a solution of the
higher-dimensional theory we started with.

@ For example, say that compactifying from D =11 to d =4 yields a
theory containing a U(1) gauge field and a real scalar h such that

the eomfor his
d(xdh)+ FAF =20

@ In such a situation it is nof consistent to set h = 0. If we do so, we
““ffeed to restrict to configurations for which F A F = 0.
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