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THIS TALK WILL BE RATHER STRANGE. IT WILL
BE DIVIDED INTO THREE SECTIONS:

I. INTRODUCTION -- EFFECTIVE FIELD THEORY OF
CONDUCTORS, AND THE TROUBLE WITH HIGH
(50% OF TALK)

I[I. THE “PARTY LINE” TODAY, AND A SMALL
PROBLEM IT SUGGESTS FOR US TO ATTACK
(10% OF TALK)

[II. A SUMMARY OF OUR PROGRESS ON THIS
PROBLEM, SO FAR: GRAVITY DUALS OF CRITICAL
THEORIES WITH DYNAMICAL SCALING (40% OF

TALK)




THERE ARE SEVERAL INTERESTING HIERARCHY
PROBLEMS THAT HAVE PREYED ON THE MINDS OF
THEORISTS FOR THE PAST FEW DECADES.

TWO YOU KNOW WELL; THE STANDARD MODEL
ALLOWS TWO RELEVANT OPERATORS
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NATURAL QUESTION: WHAT PREVENTS
THESE PARAMETERS FROM MOVING TO THE UV
CUT-OFF OF OUR THEORY?

FOR THE COSMOLOGICAL TERM, THE ONLY
PLAUSIBLE ANSWER I’VE HEARD SO FAR IS
ENVIRONMENTAL SELECTION IN A LANDSCAPE.




FOR THE HIGGS MASS TERM, THERE ARE MANY
BEAUTIFUL PROPOSALS THAT INVOLVE DYNAMICAL
STABILIZATION (TECHNICOLOR, SUPERSYMMETRY).

LHC WILL TEST THESE.

THERE HAVE ALSO BEEN SERIOUS PROPOSALS THAT

THE HIGGS, TOO, IS SIMPLY FINE TUNED. THE
ACCIDENTAL SYMMETRIES OF THE STANDARD MODEL
PROTECT AGAINST VARIOUS DISASTERS THAT
HAPPEN IN ALMOST ALL EXTENSIONS, AND REQUIRE
SLIGHTLY EPICYCLIC MODEL BUILDING.




HERE, | WANT TO DISCUSS A (VERY PRELIMINARY)
LINE OF INVESTIGATION INTO A THIRD HIERARCHY
PROBLEM THAT HAS PROVEN EQUALLY VEXING.
UNLIKE THE OTHER TWO PROBLEMS, IN THIS CASE
WE KNOW ALREADY THAT THE SOLUTION DOES NOT
INVOLVE FINE TUNING; THERE IS INTERESTING

DYNAMICS AT PLAY.
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| WILL NOW REPEAT A (WELL KNOWN) ARGUMENT
THAT WE SHOULD THINK OF THE EXISTENCE OF THE
HIGH TEMPERATURE SUPERCONDUCTORS AS A
HIERARCHY PROBLEM. | HEAVILY RELY ON
POLCHINSKI’S DISCUSSION IN THE FOLLOWING.

BENFATTO AND GALLAVOTTI;
SHANKAR; POLCHINSKI

LANDAU’S THEORY OF FERMI LIQUIDS

LET’S CONSIDER THE EFFECTIVE FIELD THEORY
GOVERNING EXCITATIONS OF A CONDUCTOR. THE
RELEVANT ENERGY SCALE (SAY A TYPICAL WIDTH

OF A CONDUCTION ELECTRON BAND) IS

EO ~ 1 —-10eV




IN A CONDUCTOR, CURRENT IS EXCITED BY ANY
TINY ELECTRIC FIELD, SO THERE MUST BE GAPLESS
CHARGED EXCITATIONS. WE CAN TRY TO WRITE
DOWN AN EFFECTIVE THEORY VALID AT SCALES

€

AT THE HIGH SCALE WE ENCOUNTER THE MESSY
THEORY OF ELECTRONS WITH THEIR COULOMB
INTERACTIONS. LETS TRY TO WRITE DOWN A
SIMPLER THEORY OF LOW ENERGY MODES, JUST
USING SYMMETRIES AND GUESSWORK.




GUESS: LIGHT FIELDS ARE SPIN 1/2 FERMIONS.
(LETS CALL THEM ‘“ELECTRONS”).

IT IS IMPORTANT TO EMPHASIZE THAT WHILE THIS
IS JUSTIFIED IN VERY DILUTE OR WEAKLY
INTERACTING SYSTEMS, IN A STRONGLY
INTERACTING SYSTEM THE TRUTH COULD BE VERY
DIFFERENT.

LETS BEGIN BY STUDYING THE FREE ACTION:

B / dt d®p | i} (0)Opo (p)
—(e(p) — €r) ¥} (p)vs (p) ]




€CF IS THE FERMI ENERGY. IN THE GROUND STATE,
ALL STATES WITH € < € ARE FILLED. LOW-LYING
EXCITATIONS ARE OBTAINED BY ADDING AN

ELECTRON JUST ABOVE THE FERMI SURFACE, OR
REMOVING ONE (LEAVING A HOLE) JUST BELOW.

Figure 1: Fermi sea (shaded) with two low-lying excitations, an electron at
p1 and a hole at ps.




NOwW, LET US ASK HOW THE FIELDS BEHAVE IF WE
SCALE ALL ENERGIES DOWN BY A FACTOR OF

SEE o

IN A RELATIVISTIC THEORY, WE WOULD SCALE

MOMENTA DOWN WITH A FACTOR OF S. HERE,

ON THE OTHER HAND, WE SHOULD SCALE THE
MOMENTA TOWARD THE FERMI SURFACE.




WITH KON THE FERMI SURFACE AND L
ORTHOGONAL TO IT, THEN ONE SHOULD SCALE

EF—skE, k—k, 1—sl

EXPAND THE SINGLE-PARTICLE ENERGY

e(p) — er = lvp(k) + O(1?)

THEN UNDER THE COMBINED SCALING

B di dk > dk dl — sdl 0; — 50, L =




EACH TERM IN OUR ACTION
= / dt dp [ i} (p)Oebe (p)
—(e(p) — €r) Y1 (P)Ys(p) |

SCALES LIKE

sty

WE CONCLUDE THAT WE SHOULD SCALE

P — 5712




NOW, LETS ASK IF THIS THEORY IS NATURAL OR
NOT. ARE THERE RELEVANT OPERATORS WE
HAVEN’T INCLUDED IN OUR ACTION?

THE SYMMETRIES WE GET TO IMPOSE ON ALLOWED
OPERATORS INCLUDE:

ELECTRON NUMBER

2. TRANSLATION INVARIANCE [REALLY DISCRETE
LATTICE SYMMETRIES; THIS LEADS TO BAND THEORY
BUT FOR NOW WE WILL IGNORE THIS
COMPLICATION].

3. SPIN SU(2)




LETS START WITH TERMS QUADRATIC IN THE
FIELDS:

[ dt &’k dl p(k)yl(p)vs(p)

THIS SCALES AS 1/s. HAVE WE ALREADY LOST?
IT LOOKS RELEVANT!

BUT THE ANSWER IS NO. WE HAD AN UNKNOWN

FUNCTION €(P) IN OUR ACTION, AND THIS CAN
BE ABSORBED INTO THE DEFINITION OF THAT

FUNCTION. THIS MEANS THAT THE EXISTENCE OF
A FERMI SURFACE IS NATURAL, BUT IT IS
UNNATURAL TO ASSUME THAT IT HAS ANY

PARTICULAR PRECISE SHAPE.




* ADDING ONE TIME DERIVATIVE, OR ONE FACTOR
OF L, MAKES THE OPERATOR MARGINAL; THESE
TERMS ARE ALREADY INCLUDED IN OUR ACTION.

* ADDITIONAL TIME DERIVATIVES OR FACTORS OF L
JUST MAKE IRRELEVANT OPERATORS.

How ABOUT QUARTIC INTERACTIONS? CONSIDER:

/dt (I1;_; d°k; dl;) V(kq,ka,ks,kq)

wi(Pl)wo(PB)wi/(PQ)wa’(P4) 53(]_01 =Pt Pa P4)




THIS SCALES AS S TIMES THE SCALING OF THE
MOMENTUM-CONSERVING DELTA FUNCTION.

GLIB (WRONG) ARGUMENT:

53(131 g2 D3 P4) e 53(1{1 + ko — kg — k4)

(IGNORE THE L FACTORS BECAUSE THEY ARE
SCALING TO ZERO IN THE INFRARED).

THEN, THE OVERALL SCALING OF THE QUARTIC
IS LIKE S, AND THIS OPERATOR IS IRRELEVANT.

AND OF COURSE HIGHER ORDER OPERATORS
ARE EVEN MORE IRRELEVANT.




HOWEVER, THE ASSERTION THAT
0°(p; + P2 — P3 — Pa) ~ 0° (k1 + ko — ks — ky)

ADMITS AN IMPORTANT SUBTLETY. LET US WRITE
(WITHOUT LOSS OF GENERALITY):

Ps = P1 + 0ks +0l3, p4 = p2 + oky 4 0ly

THEN THE DELTA FUNCTION IS:

53(51{3 + oky + 0l3 + 514)




* FOR GENERIC MOMENTA, THE DELTA KS ARE
LINEARLY INDEPENDENT AND WE CAN INDEED
IGNORE THE LS IN THE DELTA FUNCTION.

* BUT IF P71 = —P2 THEN IN THE ARGUMENT OF

0°(0ks + dk4), ONE COMPONENT VANISHES

AUTOMATICALLY!

a) b)

Figure 3: a) For two generic points near a two-dimensional Fermi surface, the
tangents dk; are linearly independent. b) For diametrically opposite points
on a parity-symmetric Fermi surface, the tangents are parallel.




THEN, ONE COMPONENT OF THE DELTA FUNCTION
ACTUALLY DOES CONSTRAIN THE TRANSVERSE L
FLUCTUATIONS, AND SO SCALES INVERSELY TO L,

AS 8_1

AT SUCH MOMENTA, THE FOUR-FERMI INTERACTION
BECOMES MARGINAL.

COMPUTING THE ONE-LOOP BETA FUNCTION FOR
THIS MARGINAL INTERACTION, ONE FINDS:

5
Vel e 1+ NVliog(Eo/E)

WITH N THE DENSITY OF STATES AT THE FERMI
ENERGY.




THEN WE SEE THAT A REPULSIVE INTERACTION
GROWS WEAKER AT LOW-ENERGY, WHILE AN
ATTRACTIVE INTERACTION GROWS STRONGER.

WE EXPECT TWO DIFFERENT CONTRIBUTIONS TO
THE QUARTIC INTERACTION BETWEEN ELECTRONS
IN A GENERIC CONDUCTOR:

1 -- SOME SORT OF SCREENED COULOMB
INTERACTION VC

2 -- AN ATTRACTIVE CONTRIBUTION THAT COMES
FROM INTEGRATING OUT PHONONS, VP [STRICTLY
SPEAKING, SHOULD HAVE INCLUDED THESE AS
GOLDSTONES IN OUR EFFECTIVE THEORY].




WHAT HAPPENS AT LOW ENERGIES DEPENDS
ON THE SIGN OF VC-VP (AT THE NATURAL ENERGY
SCALE WHERE WE “INTEGRATE OUT” PHONON-
ELECTRON INTERACTIONS).

CASE 1: Ve —Vp >0

THE LOW-ENERGY THEORY LOOKS FREE AND
BORING.

case 2: Vo—Vp <0

WE ADDED A MARGINALLY RELEVANT OPERATOR:
AT LOW-ENERGIES IT PRODUCES A COOPER-PAIR
CONDENSATE THAT BREAKS U(1) (LIKE A
TECHNICOLOR MODEL). SUPERCONDUCTOR!




AFTER THIS LONG REVIEW OF THINGS YOU ALREADY
KNOW (PRESENTED HERE IN AN AWKWARD
LANGUAGE), IT IS EASY TO DESCRIBE THE TROUBLE
WITH THE HIGH TEMPERATURE SUPERCONDUCTORS.

THE RESISTIVITY AS A FUNCTION OF TEMPERATURE
IN A NORMAL SUPERCONDUCTOR, OBEYS A

FORMULA:
p(T) ~ A + BT

THE FIRST TERM ARISES FROM IMPURITY
SCATTERING; THE SECOND FROM PHONONS (VERY
SUPPRESSED DUE TO PHASE SPACE AND MOMENTUM
SUPPRESSIONS IN THE VERTEX COUPLING THEM TO
ELECTRONS).




IN CONTRAST, IN THE HIGH TEMPERATURE
SUPERCONDUCTORS, ONE FINDS:

a8 T

Figure 6: Resistivity versus temperature in a typical high-T,. material: zero
below T, and linear above.

p(l) ~ A + CT

WE SHOULD BE ABLE TO WRITE DOWN SOME LOW-
DIMENSION OPERATOR TO GENERATE THIS IN OUR
EFFECTIVE THEORY.




BUT WE CAN’T. WRITE DOWN THE MOST GENERAL
POSSIBLE EFFECTIVE LAGRANGIAN AND THERE IS
NO OPERATOR THAT WOULD GIVE THIS POWER OF T.

* CAVEAT: IF THE FERMI SURFACE TAKES VERY
SPECIAL SHAPES, ONE CAN GENERATE INFRARED
SINGULARITIES THAT CANCEL POWERS OF T AND
COULD CONCEIVABLY LEAD TO SUCH BEHAVIORS.
BUT THE SHAPE OF THE FERMI SURFACE IS A
RELEVANT PARAMETER. THE PHENOMENON IS
SEEN IN MANY MATERIALS, AND IS STABLE UNDER
CHANGES IN DOPING OF SEVERAL PERCENT --
SUGGESTING THAT THE CORRECT LOW-ENERGY
THEORY HAS NO RELEVANT PARAMETERS AT ALL.




SO EVEN IN THE NORMAL STATE OF HIGH
TEMPERATURE SUPERCONDUCTORS, SOMETHING
INTERESTING IS GOING ON: LANDAU’S
FERMI LIQUID THEORY HAS BROKEN DOWN!

THE MODERN DOGMA
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“l]TS THE QUANTUM CRITICAL POINT’S FAULT!”

PHENOMENA WHERE BREAKDOWN OF FERMI LIQUID
THEORY HAPPEN SEEM TO BE RELATED TO THE
EXISTENCE OF INTERACTING, ZERO-TEMPERATURE
CRITICAL POINTS. THESE SEPARATE PHASES ARE
BEST CHARACTERIZED BY DISTINCT TYPES OF
ORDER, WITH DIFFERENT ORDER PARAMETERS. THE
FLUCTUATIONS AT THE CRITICAL POINT ARE DRIVEN
BY QUANTUM EFFECTS AT ZERO TEMPERATURE
(PERHAPS EVEN IN AN UNPHYSICAL
REGION OF THE PARAMETER SPACE).

C.F. S. SACHDEV,
“QUANTUM PHASE TRANSITIONS”




INTERESTINGLY, MANY OF THESE CRITICAL POINTS
EXHIBIT THE PHENOMENON OF ‘“DYNAMICAL
SCALING.” THAT IS, THEY INVOLVE CRITICAL

THEORIES WHERE THERE IS A SCALE INVARIANCE

UNDER WHICH

A AR RS AR i |

IN CONTRAST WITH THE SCALING SYMMETRY
EMBEDDED IN THE USUAL CONFORMAL GROUP

t— A, T — A\x




A TOY MODEL TO KEEP IN MIND (ANALOGOUS TO
THE CONFORMAL FIELD THEORY OF A FREE BOSON,
BUT WITH NONTRIVIAL DYNAMICAL CRITICAL
EXPONENT Z) IS GIVEN BY THE LAGRANGIAN:

L = [d%zdt ((6:M)? - (VZM)?)

THIS “LIFSHITZ FIXED POINT” HAS Z = 2 AND IS
ACTUALLY KNOWN TO GOVERN THE BEHAVIOR OF
SOME MAGNETIC MATERIALS AND LIQUID CRYSTALS:

PARA

HORNREICH,
LUBIN,
SHTRIKMAN

TEMPERATURE

PARAMETER P



MORE GENERALLY, SUCH FIXED POINTS ARISE IN
THE PHASE DIAGRAM OF VARIOUS TOY MODELS OF
THE HIGH TEMPERATURE SUPERCONDUCTORS (E.G.

THE ROKHSAR-KIVELSON DIMER MODEL). THEY
HAVE BEEN STUDIED SOMEWHAT EXTENSIVELY IN

RECENT WORK BY E.G. ARDONNE, FENDLEY, AND
FRADKIN; FREEDMAN, NAYAK, AND SHTENGEL
(WHO FOUND SOME ANALOGOUS FIXED POINTS IN
GAUGE THEORIES); AND BALENTS, VISHWANATH
AND SENTHIL.




GRAVITY DUALS OF FIXED POINTS WITH 2 # 1

IT IS OF INTEREST TO DEVELOP NEW TOOLS TO
STUDY THESE CRITICAL THEORIES, PERHAPS FOR
APPLICATIONS TO CONDENSED MATTER PROBLEMS

ARISING IN THE STUDY OF STRONGLY CORRELATED

ELECTRONS. FOR STRONGLY COUPLED CONFORMAL

FIELD THEORIES, A NEW TOOL IS OFFERED BY THE

ADS/CFT CORRESPONDENCE. QUANTUM GRAVITY
IN THE BACKGROUND:

dst = =flalis A=t (a2 dlgt ) 4

IS DUAL TO A 2+1 DIMENSIONAL CFT.

MALDACENA;
GUBSER, KLEBANOV, POLYAKOV;
WITTEN




* THE EXTRA DIMENSION GEOMETRIZES THE
ENERGY SCALE IN THE DUAL FIELD THEORY

* SCALE TRANSFORMATIONS ACT VIA

el N (e e &

WHICH LEAVE THE ADS METRIC INVARIANT.

HAPPILY, ADS ARISES AS A SOLUTION OF GRAVITY
WITH A NEGATIVE COSMOLOGICAL CONSTANT,
WHICH CAN BE FOUND AS THE LOW-ENERGY

EFFECTIVE THEORY IN MANY STRING
COMPACTIFICATIONS. SO MANY EXAMPLES ARE
KNOWN.




WE, IN CONTRAST, WOULD LIKE GRAVITATIONAL
DUALS TO SYSTEMS THAT ENJOY THE MODIFIED
SCALE INVARIANCE (SAY FOR Z=2):

(z,y) = A (z,y), t = A ¢

A NATURAL GUESS, THEN, IS THAT THE GRAVITY
DUAL METRIC COULD TAKE THE FORM:

e L R Gt L )

THIS IS DESIGNED TO BE INVARIANT UNDER THE
MODIFIED SCALE TRANSFORMATION.




Now UNLIKE THE ADS METRIC, THIS WEIRD
“LIFSHITZ METRIC” IS NOT A FAMOUS SOLUTION OF
SUPERGRAVITY OR STRING THEORY. SO OUR
PROGRAM WILL BE TO:

A) EXHIBIT GRAVITY + “MATTER” SYSTEMS THAT
PLAUSIBLY ARISE IN M-THEORY, AND THAT CAN
SUPPORT THIS KIND OF SPACETIME METRIC.

B) DEVELOP THE ANALOGUE OF THE ADS/CFT MAP
FOR THIS SPACETIME, AND SEE IF E.G.
CORRELATORS AND PHASE STRUCTURE MATCH
(QUALITATIVELY, FOR NOW) WITH THOSE FOUND IN
REAL 2+1 DIMENSIONAL SYSTEMS.




GRAVITY SOLUTIONS

WE EXPECT PERTURBATIONS OF OUR FIXED POINT
CAN FLOW TO NORMAL CFTs. SO WE SHOULD
BEGIN WITH A GRAVITY THEORY THAT COULD GIVE
RISE TO ADS SPACE: SAY 4D GRAVITY WITH A
NEGATIVE COSMOLOGICAL TERM:

Sepmpre / sean Wy (R — 2A)
X

M OR STRING THEORY ACTIONS TYPICALLY ALSO
HAVE VARIOUS P-FORM GAUGE FIELDS.




A REASONABLY MODEST CHOICE OF ADDITIONAL
CONTENT THAT CAN SUPPORT OUR DESIRED METRIC
IS:

1

__5/ d4aj\/—g(F2/\*F2‘|‘F3/\*F3)
X

Stopological i C/ BQ /\ FQ
X




WE CAN MAKE AN OBVIOUS SCALE INVARIANT
ANSATZ FOR THE FLUXES WHICH PRESERVES TIME
AND SPACE TRANSLATION SYMMETRIES AS WELL
AS SPATIAL ROTATIONS:

o — Ar dr Adt, F3= BrdrAdz/ di

WE NOW HAVE THE PARAMETERS
Ne ke At B

AND WE CAN SOLVE FOR THE NECESSARY VALUES
TO GET VARIOUS DYNAMICAL SCALING EXPONENTS,
INCLUDING Z=2. SO THE DESIRED GRAVITY
SOLUTIONS EXIST IN THE METRIC + 2 FORM + 3
FORM SYSTEM.




MODIFIED ADS/CFT MAP:

IN STANDARD ADS/CFT, THERE IS A MAP BETWEEN
BULK FIELDS AND BOUNDARY OPERATORS. FOR
INSTANCE, FOR THE ADS DUAL OF A 3D
CONFORMAL FIELD THEORY, A BOUNDARY SCALING
OPERATOR OF DIMENSION /\ IS DUAL TO A
BULK FIELD WITH LAGRANGIAN:

Sbulk = /d4$ V=9 (g""0,60,¢ — m>¢°)

e = BT




THE DIFFERENTIAL EQUATION THAT PHI SATISFIES
IN ADS SPACE IS:

8%—20 b+ (0 + 02+ 02)p = m—2q5
Z - z t x Y = 2

IWHERE 2 — ]./T FOR MODES WHICH ARE ONLY A
FUNCTION OF Z, ONE THEN FINDS FALL OFF AT
SMALL Z (THE BOUNDARY) THAT GOES LIKE:

Dip—rEr] e

THE TWO-POINT FUNCTION OF PHI COMPUTED
USING THE GKPW PRESCRIPTION IS AS EXPECTED
FOR A FIELD OF DIMENSION /\.




IN CONTRAST, IN OUR SPACE-TIME, THE
DIFFERENTIAL EQUATION SATISFIED BY A MASSIVE
SCALAR FIELD WILL BE:

26— 20,0+ 202+ (P + D)=
Z,

AS A RESULT, SOLUTIONS FALL OFF NEAR
THE BOUNDARY LIKE

Qiv=r~C1 22 Co bt

e = A AN =




SO E.G. A MARGINAL OPERATOR IN THE BOUNDARY
THEORY, WHICH MAPS TO A MASSLESS BULK SCALAR
FIELD (NO POTENTIAL, TO REPRODUCE THE
BOUNDARY MODULI SPACE), WOULD HAVE
/A — 3 IN ORDINARY ADS/CFT, BUT HAs A\ =14
IN OUR THEORIES WITH DYNAMICAL EXPONENT Z=2.

CORRELATION FUNCTIONS

THE CORRELATION FUNCTIONS IN THESE THEORIES
SHOW SOME INTERESTING DIFFERENCES FROM
THOSE IN CFTs. HERE WE ILLUSTRATE WITH THE
TWO-POINT FUNCTION OF A MARGINAL OPERATOR
(DUAL TO A MASSLESS BULK SCALAR).




NOTE THAT THE TWO-POINT FUNCTION IS NOT
DETERMINED BY SYMMETRIES IN THESE THEORIES;

IT CONTAINS AN UNKNOWN FUNCTION f(z°/t)

TO FIND THE TWO-POINT FUNCTION, WE EVALUATE
THE ON-SHELL BULK ACTION AND DIFFERENTIATE
TWICE WITH RESPECT TO @ :

S(6) = / R / d2(— 384 /55" 8,6 + (/59" BBy )

8 / B [ V59700,

= / d’kdw ¢(0,k, w)F(k,w)d(0, —k, —w)




THE ‘“FLUX FACTOR” IS GIVEN BY:

Rk W) = [é(z, —k, —w)\/ﬁgzzﬁzé(z,k,w)]\?

WHERE THE PROPAGATOR SATISFIES

'l e §C~¥ — (W22 +KHG =0
z

WITH BOUNDARY CONDITIONS:

~

G(0,w, k) =1

G finite as z — o0




THESE CONDITIONS UNIQUELY DETERMINE THE
PROPAGATOR:

G(z, k) = —|wl|z*/2 F(|k| | %) U( — =, —1, |w|z?)

4|w]

27

WITH U THE CONFLUENT HYPERGEOMETRIC
FUNCTION OF SECOND KIND. THIS VANISHES AT
INFINITY, SO THE ONLY CONTRIBUTIONS TO THE

CORRELATOR COME FROM THE BOUNDARY AS

EXPECTED.

SO WITHOUT FURTHER ADO WE CAN PLUG THIS
INTO THE FLUX FACTOR AND READ OFF THE TWO-
POINT FUNCTION OF THE DUAL SCALING OPERATOR:




1 1

(Op(k,w)Oy(—k, —w)) = —§k2]wl — §(4w2 — k*)log|w|

I k. '
ok )¢(§+m)

HERE WE SUBTRACTED SOME DIVERGENT TERMS VIA
ADDING LOCAL BOUNDARY TERMS, AND ALSO
DROPPED UNINTERESTING CONTACT TERMS.

NOTICE THAT THE FIRST TWO CONTRIBUTIONS ARE
COMPLETELY LOCALIZED IN SPACE.

SUCH TERMS ARE OF COURSE FORBIDDEN IN
LORENTZ INVARIANT THEORIES.




THEY MAY WELL BE RELATED TO THE KIND OF
ULTRALOCAL BEHAVIOR FOUND FOR CORRELATION
FUNCTIONS OF CERTAIN SCALING OPERATORS IN
THE LIFSHITZ THEORY BY GHAEMI, VISHWANATH
AND SENTHIL (2004).

THESE AUTHORS PROPOSED THAT SUCH BEHAVIOR
COULD BE RELEVANT IN EXPLAINING EXPERIMENTS
WHICH SHOW CLEAR AUTOCORRELATION FUNCTIONS
(AT FIXED SPATIAL LOCATION WITH TIME
SEPARATION), BUT NO SPATIAL CORRELATON, IN
CERTAIN MATERIALS.




THEIR RESULTS HOLD AT FINITE TEMPERATURE
(BUT NOT ZERO TEMPERATURE). IT WOULD BE
INTERESTING TO SEE IF THE CORRELATORS IN THE
BLACK HOLE SOLUTION IN OUR SPACETIME EXHIBIT
COMPLETE ULTRALOCALITY.

PHASE STRUCTURE

ONE GOAL IS TO WORK OUT THE DIFFERENT PHASES
ONE CAN OBTAIN BY PERTURBING THESE KINDS OF
GRAVITY DUALS IN VARIOUS WAYS.




THE SIMPLEST INTERESTING PERTURBATION OF THE
FREE TOY MODEL

L = (B:M)°* - (V* M)

IS TO ADD A PERTURBATION BY

0L ~ € (VM)?

DEPENDING ON THE SIGN OF THE PERTURBATION,
THIS EITHER HAS THE EFFECT OF:




A) INDUCING RENORMALISATION GROUP FLOW TO A
NORMAL CFT (IN THIS CASE, A FREE THEORY).

B) CAUSING AN INSTABILITY TO CONDENSATION OF
LOW-MOMENTUM MODES OF M, LEADING TO SOME
KIND OF SPATIALLY MODULATED STRUCTURES.

DO WE SEE ANALOGOUS PHENOMENA IN OUR
STRONGLY COUPLED THEORY?

WE CAN SEE THE RENORMALISATION GROUP FLOW
IN A) AS FOLLOWS (I WILL BE BRIEF; THE
EQUATIONS MAY NOT BE SO ILLUMINATING).




TO SEE THE FLOW, WE SHOULD GENERALIZE OUR
ANSATZ FOR THE BACKGROUND FIELDS:

dr?

72

N (ot (de Ay ) g

Roki—=tt
Fy = Bh(r) (rg(r)f(r)) dr Adt
F3=C3%(r) (rg(r)) dr Adx A dy
THE EQUATIONS OF MOTION THAT THE NEW

FUNCTIONS F,G,H,J MUST SATISFY CAN EASILY BE
DERIVED, AND ARE:




WE SOLVE FOR THE RG FLOW BY “SHOOTING.” IT
IS HARD TO HIT THE ADS FIXED POINT ON THE
NOSE BY PERTURBING THE UV THEORY, BECAUSE
THE ADS FIXED POINT HAS RELEVANT OPERATORS.




BUT OUR UV THEORY (IN THIS APPROXIMATION)
HAS ONLY ONE MARGINALLY IRRELEVANT
OPERATOR IN ADDITION TO THE RELEVANT

PERTURBATIONS. SO IT IS EASY TO FIX ‘“ALMOST

ADS” BOUNDARY CONDITIONS NEAR R=0, AND
CALCULATE THE RG FLOW BACK “UP” TO THE
LIFSHITZ POINT. A REPRESENTATIVE TRAJECTORY
OF F,G,H,J AS A FUNCTION OF R IS SHOWN ON THE
NEXT PAGE.




plot of rf(r) :




OUR CURRENT GOALS:

* FIND THE BLACK HOLE SOLUTIONS IN THESE
SPACETIMES TO SEE IF INTERESTING NEW
FEATURES EMERGE IN THE CORRELATORS.

* DIRECTLY STUDY Z=2 NON-ABELIAN GAUGE

THEORIES (C.F. FREEDMAN, NAYAK, SHTENGEL)
AND TRY TO FIND FIXED POINTS. THESE COULD
MORALLY BE THE GAUGE DUALS OF OUR
BACKGROUNDS (AND WOULD HAVE A PRINCIPLED,
LARGE N, REASON TO HAVE A STRING
DESCRIPTION).




