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Abstract: <span>We use Wilsonian RG and large N techniques to
study the quantum field theory of a critical boson interacting with a Fermi
surface, and compare/contrast the results with those coming from holography.</span>
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Based in large part on this paper and work in progress...
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|. Introduction

The Fermi liquid fixed point is a stable IR fixed point
(modulo the BCS instability). Snanar,

Polchinski

Its starting point is the free fermion action:

f dt d°p {0} (P)As () — (¢(P) — )8} (P)¥s (P) }-
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The scaling which governs the Fermi liquid fixed point,
determined by the free action, is:

p=k+1,
e(p) — er = lvp(k) + O(1%),

dt — s~ 'dt, dk — dk, dl— sdl, 8 — s8,, | — sl,
so examining the action
[ dt e d (i} ()3 (p) — lor (k)] (P)¥o(P)
we see that the Fermi field should scale as:

v — s1/2y .

Monday, October 21, 13

Pirsa: 13100109 Page 8/72



The scaling which governs the Fermi liquid fixed point,
determined by the free action, is:

p=k+1,
e(p) — er = lvp(k) + O(1?),

dt — s~ 'dt, dk — dk, dl— sdl, 0, — sG;, [ — s,
so examining the action
[ dt ke d {iv} ()3 (p) — lor (k)] (P)¥ (P)
we see that the Fermi field should scale as:

v — s~12y .

Monday, October 21, 13

Pirsa: 13100109 Page 9/72



The scaling which governs the Fermi liquid fixed point,
determined by the free action, is:

p=k+1,
e(p) — er = lvp(k) + O(1%),

dt — s~ 'dt, dk — dk, dl— sdl, 0O, — s0;, [ — s,
so examining the action
[ dt e d (i} ()3 (p) — lor (k)] (P)¥ (P)
we see that the Fermi field should scale as:

v — s~2y .

Monday, October 21, 13

Pirsa: 13100109 Page 10/72



|. Introduction

The Fermi liquid fixed point is a stable IR fixed point
(modulo the BCS instability). Srarar,

Polchinski

Its starting point is the free fermion action:

f dt d*p { i)} (p)As(P) — (¢(p) — er)¥} (P)¥0 (P) }-

Monday, October 21, 13

Pirsa: 13100109 Page 11/72



The scaling which governs the Fermi liquid fixed point,
determined by the free action, is:

p=k+l],
e(p) — er = lvp(k) + O(1%),

dt — s~ 'dt, dk — dk, dl— sdl, 0 — sG;, [ — sl,
so examining the action
[ dt ke d {iv} ()3 (p) — lor (k)] (P)¥ (P)
we see that the Fermi field should scale as:

v — s/2y .

Monday, October 21, 13

Pirsa: 13100109 Page 12/72



The first interaction, which determines the (in)stability of
this fixed point, is:

f dit d2k1 dll d2k2 d]'z dzk;; dl:; d'.&k‘l dl1 V(kl, kz, k;;, k])

Ul (P1)Vo (P3)¥), (P2) e (P4)6° (P1 + P2 — P3 — Pa).

It naively scales like s and is irrelevant, but for special
kinematic configurations the delta function scales and we
get marginal forward scattering and BCS couplings.

As it has no other obvious interesting perturbations, it is
seemingly not a good starting point to describe the non-

Fermi liquid physics which is apparently seen in many real
systems...
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Some poster-child quantum critical metals:

Laz2.xSrxCuQ4 YbRh;Siz

TIK)

pseudogap

hole doping B(M
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The theoretical description of this non-Fermi liquid
behavior then remains a subject of active interest.

As a high energy theorist, | am going to borrow a lesson
from our study of QCD.

The effective coupling runs strong
in the IR. The emergent physics
includes chiral symmetry breaking
and confinement of quarks.
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The brute force understanding of this behavior remains an
open problem:

@ Clay Millenium Problem: prove mass gap in
| Yang-Mills theory.

However, through use of:

* Large N methods parametrized by (N, Ny)

(a) DS/DE/DA set up I IS/ 1) n solitonwe D background
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* Study of supersymmetric toy models, similarly
parametrized by (N, Ny)

we have come to understand a rich set of possible
behaviors of non-Abelian gauge theories, including:

* strongly coupled theories with free magnetic duals
* confinement without chiral symmetry breaking

* Banks/Zaks and other conformal fixed points

...and of course, some phases with qualitatively similar
behavior to real-world QCD.
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Another lesson | take from study of QCD: it will be useful
to find controlled approaches to non-Fermi liquid fixed
points using toy models, even unrealistic toy models.

ll. Basic setup and relations to other work

A. Our toy model

We will study the theory with UV action:

S = /dr/d”;r L=8y+8y+Sy—_s

‘CL-'- = L_Ja (')r T M- E(IV) I‘#;)n + Ai,‘i’n&n’ﬂ’n‘wn
' v LY . — s Ar‘] )
Lo =m2¢% + (0,4)° + ¢ (w) + 24t

) d""lk‘d‘f‘lq ” .
S06= | ey SOV + 0000
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i.e.a bosonic “order parameter field” coupled to a
conventional Fermi liquid, in the tuned limit:

mqg%(].

*We will do perturbative RG in the Yukawa and quartic
couplings.

*We will introduce three additional control parameters:

e=3—-d

matrix boson,
N’ Nf «——— #"flavors” of fermions
in fundamental
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B. Holographic inspirations for (bosonic) large N

Our unusual (in this context) N-ification is inspired in part
by results from AdS/CFT.

In general, in that setting, the question of finite charge
density dynamics is mapped to a geometry question:

S=[dz/—g(R-20+F?+...)

) uv
l rere ) lectric ::',,"u;
|
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The simplest theory to consider just has a Einstein
gravity and a Maxwell field.

The Einstein-Maxwell theory supports charged AdS
analogues of the Reissner-Nordstrom black brane:

R? dr?
r¢ f

Q* M e
fml+ v3d-3  pd’ A= p (1 = .,..lf z) .

ds® = gy nda™da™ = ;{»( fdt? + di®) +

Monday, October 21, 13

Pirsa: 13100109 Page 28/72



The extremal limit manifests a near-horizon AdS2
geometry:

ds® = —ridt* + %2 + dz? + dy?

From striking work of several groups, it has become
clear that probe fermions in this geometry manifest non-
Fermi liquid behavior.

Liu, McGreevy,Vegh;
Cubrovic, Schalm, Zaanen; ...

This can be most simply understood by thinking in
the dual quantum field theory directly.
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Consider the field theory with action:

S= Suwongt+ ), / dt [(;ﬂ(i&_,“;.a, + pb g + t{;_‘;»)(:l,-}
gl

+g Z/dt [(‘LO‘;‘ + (Hermitian cunjugatc)} ;
J

A free fermion is coupled to a strongly coupled CFT by the
lowest-dimension allowed operator, with coupling g.

We will make the assumption (justified in Einstein-Maxwell
holography) that the structure of correlators in the CFT, is
like that of a theory with emergent AdS2 geometry.

Monday, October 21, 13

Pirsa: 13100109 Page 31/72



Consider the field theory with action:

g Buog+ Y [ dt [0, + b +ts)es ]
JJ' "

+g Z / dt [(‘LO‘;‘ + (Hermitian (_funjugatc)} ;
J

A free fermion is coupled to a strongly coupled CFT by the
lowest-dimension allowed operator, with coupling g.

We will make the assumption (justified in Einstein-Maxwell
holography) that the structure of correlators in the CFT, is
like that of a theory with emergent AdS2 geometry.

Monday, October 21, 13

Pirsa: 13100109 Page 32/72



In a “locally critical” theory, i.e. one with infinite
dynamical exponent, one has:

g(w) — c/_\(‘02/1\—1

This creates a non-Fermi liquid if
A <1.
This is evident because the simple pole (and hence the

spectral weight of the quasiparticles) disappears from the
fermion Greens function.

This gives a controlled derivation of NFL behavior in (very
peculiar) large N theories. VWhat about more conventional
theories?
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