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CFT/ADS

@ THE ADS/CFT CORRESPONDENCE HAS REVOLUTIONIZED
HOW WE THINK ABOUT QUANTUM GRAVITY AND
STRONGLY COUPLED FIELD THEORIES.

® BECAUSE THE SYSTEM IS MORE CLASSICAL IN THE ADS
SETUP, THIS SIDE OF THE CORRESPONDENCE USUALLY
RECEIVES MORE ATTENTION: WE NEED TO SOLVE
SUPERGRAVITY EQUATIONS OF MOTION.

@ THE CFT WILL GET ALL THE ATTENTION IN THIS TALK:
WE WILL TRY TO DERIVE ADS.



OUTLINE

@ SUPERCONFORMAL FIELD THEORIES 101
@ CLASSICAL BPS STATES AND THE CHIRAL RING.

@ MONOPOLE OPERATORS AND THE MODULI SPACE OF VACUA OF 3D FIELD
THEORIES

@ QUENCHED WAVE FUNCTIONS AND GEOMETRY OF EIGENVALUE
DISTRIBUTIONS

® EMERGENT GEOMETRY: LOCALITY, METRIC



SCFT 101

» Conformal field theories are characterized by having a larger
symmetry than Lorentzian.

» 'T'hey admit rescalings of the metrics.

» These rescalings can be generalized to requiring Weyl covariance.

Juv(T) — exp(20(x))gu. ()



Conformal field theories have infrared

make the definition of an S-matrix prob.

pro

hlems that

ematic.

Instead, for Euclidean conformal field theories one usually
considers the correlations of local operator insertions.
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The collection of these numbers determines the theory.



SUPERCONFORMAL ALGEBRA

Dimension
B 5] i In d=4, R-charge 1s
=1 Qi U(N) or SU(4)
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% Q. In d=3 R-charge is
1 P, SO

THE LIST OF OPERATORS IS CLASSIFIED BY
REPRESENTATIONS OF THIS ALGEBRA: DISCRETE, LABELED
BY SCALING DIMENSION



THESE ARE THE MOST IMPORTANT
COMMUTATION RELATIONS

0 AN 5z\@,,aw/g + b6 ASE + cRY 65

If N=1 SUSY in d=4, or N=2 SUSY 1n
d=3, we can use the standard
superspace
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Supersymmetric vacua are annihilated by P and Q) , but can
break conformal invariance.

Easy to show that

(0[DaO(2,8,0)[0) = (0][Qu + 2% ,0P,., O(x,6,0)]|0) = 0 = Da(0|O(z, 8, 0)|0)

Vacuum vevs are both chiral and antichiral

on-shell superfields.




Oft-shell chiral operators form a ring under OPE
on any SUSY vacuum.

Chiral operators are lowest component of
chiral (composite) superfields.

THIS RING IS CALLED THE CHIRAL RING

HoLoMOoORPHY: chiral ring vevs completely
characterize all SUSY vacua (order parameters).



OPERATOR-STATE
CORRESPONDENCE

Assume you have added an operator
at the origin 1n an euchidean GFT

2
ds® = r? (dL -+ dQ2>

r2

Conformally Weyl rescale to
remove origin.
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How do we know we inserted an operator?

The origin 1s characterized now by the infinite
‘past’. I'he presence of the operator becomes a
boundary condition in the time coordinate.




In Lorentzian systems a time boundary condition 1s an 1nitial
condition: to an operator one can assoclate a state in the
theory:
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Dictionary between states and

operators
States Operators
Angular momentum Spin
Energy dimension

R-charge R-charge



UNITARITY ON THE CYLINDER

S~ Q@ Q) ,P raise energy (dimension)
K~ Pl K.S lower energy

2

All representations are characterized by
a lowest energy state (superprimary)

Annihilated by S,K



COMMUTATION RELATIONS + UNITARITY
GIVES BPS BOUND

{Q,S}:H::R::Lz 24

Chiral ring states are equivalent to
states such that

bl tle

Saturate BPS inequality.



CLASSICAL STATES

Symmetries of cylinder make hamiltonian
methods very usetul.

INSTEAD OF CONSIDERING QUANTUM BPS
STATES, ONE CAN CONSIDER CLASSICAL STATES
THAT SATURATE THE BPS INEQUALITY
(THESE ARE BOSONIC)

Coherent states 1n quantum theory: superposition
of quantum states with difterent energies.



BPS EQUATIONS

TWO CASES:

4D SCFT

H~F., +1II° + |V¢|* + |¢]* + V(¢)
y Y

Conformal coupling to metric on cylinder

1v
H = I + |Vo[* + Il + V(cb))j%ig

GAUGE DYNAMICS IS FIRST ORDER (CHERN
SIMONS) SCHWARZ: HEP-TH/0411077

B SCFT



R ~ ¢II — 11

With some normalization

H — R = Sum of squares



4D

b = +ig FIRST ORDER EQUATIONS
Vo = FIELD IS CONSTANT ON SPHERE
gy = 0 GLUE IS TRIVIAL

D = VACUUM EQUATIONS

i OF MODULI SPACE.

COMPLETE SOLUTION: INITIAL CONDITION IS ONE

POINT IN MODULI SPACE

DB: hep-th/0507203, 0710.2086
Grant,Grassi, Kim,Minwalla, 0803.4183



NOTICE THAT MOMENTA ARE LINEAR IN
FIELDS FOR BPS SOLUTIONS.

H¢2¢2¢

Quantization on BPS configurations moduli space gets
quantized: Pull-back ot Poisson structure to BPS
configurations 1s Kahler form

Charal field Poisson brackets commute

Anti-chiral fields are canonical conjugate



HOLOMORPHIC POLARIZATION

(@) = P(o)o
Specialize to N=4 SYM
(b, 9] = 0 = [, b5
Fields are commuting matrices: diagonalized by gauge transtormations

N particles on C°

P invariant under permutation of eigenvalues:
remnant discrete gauge transtformation.

SAME ANSWER AS PERTURBATION THEORY



3D: NON-PERTURBATIVE

: 0
o __§¢ FIRST ORDER

Niwi— () SPHERICALLY INVARIANT

Potential 1s sum of squares, must vanish:
classical point in moduli space.

Covariantly constant bifundamental scalars requires that
cgauge flux for the two gauge groups 1s the same

Fyo$ — ¢Fgy = 0



NON-TRIVIAL GAUSS’ LAW CONSTRAINT

kD

Sfieater Qgauge

(Gauge field configurations can be non-trivial: one 1s
allowed spherically invariant magnetic flux. This
carries also electric charge, cancelled by matter.

Borokhov-Kapustin-Wu: hep-th/0206054

Magnetic flux 1s already quantized at the classical level!

Attiyah-Bott, 1982



THESE CONFIGURATIONS ARE MAGNETIC
MONOPOLE OPERATORS

Non-perturbative: quantization of flux.



ABJM MODEL

Aharony, Bergmann, Jafteris, Maldacena 0306.1218

U(N)kXU(M)_k vk

VECTOR SUPERFIELDS ARE AUXILIARY
VWUJ%D

N=2 Superspace formulation

Benna, Klebanov, Klose, Smedback 0806.1519



Superpotential: same as Klebanov-Witten conifold

Also a potential term of the form
o, A]|* + |[o, B]|
T'he equations of motion of D are

kO’l——AA—BB:O
—koy + BB—AA =0

T'hese relax D-term constraints relative to
four dimensional field theory with same superpotential.



FULL MODULI SPACE FOR SINGLE BRANE IS FOUR-
COMPLEX DIMENSIONAL.

ONE CAN CHECK THAT MODULI SPACE IS
ESSENTIALLY N PARTICLES oN C*

Some extra topological subtleties

Parametrized by unconstrained

diagonal values ot A,B



PRECISE MONOPOLE SPECTRUM:
HOLOMORPHIC QUANTIZATION

(Al)ml (AZ)mg (Bl)nl (B2>n2
GAUSS’ CONSTRAINT READS

kn = mi1 + mo —nq1 — Ny
FOR EACH EIGENVALUE

Naively gives the holomorphic coordinate ring of

SymNC4 /2, ABJM,
D.B, Trancanelli, 0808.2503



THERE IS A CATCH:

Only differences ot fluxes between gauge groups need to
be integer: topological consistency ot A,B fields. Are only
charged under difference of fluxes.

We can have fractional flux on all eigenvalues
simultaneously: only for

U(N)xU(N) theory
< M D.B. . Park: 0906.3817
C.S. Park 0810.1075
i Kim, Madhu: 0906.4751
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THE EXTRA ELEMENTS OF CHIRAL RING
CARRY A DISCRETE CHARGE: THE AMOUNT OF
FRACTIONAL FLUX.

IN THE ADS DUAL, THIS CHARGE IS A NON-TRIVIAL
HOMOLOGY TORSION CYCLE CORRESPONDING TO D4
BRANES WRAPPED ON (P2



ABJM ORBIFOLDS

DOUGLAS-MOORE PROCEDURE ON QUIVER.

Abelian case: BKKS, Imamura,Martelli-Sparks,

Terashima,Yagi, ...
Caretul study along same lines shows
o il DA
Non-abelian case: D.B, Romo

CC4/Z/<:|I’| Xl
Crucial that Ghern Simons levels are proportional to
dimension of irreps of I



MATCH TO ADS

® STANDARD BULK BRANE MONOPOLE IS DO-BRANE
® BRANES FRACTIONATE AT SINGULARITIES

® FRACTIONAL BRANE CHARGES ARE MAPPED TO
GAUGE FLUX ON EACH U(N) (FIRST CHERN CLASSES)

® FRACTIONAL BRANE R-CHARGE REQUIRES FLUX ON
SHRUNKEN CYCLES: THE HOPF FIBER IS NON-
TRIVIALLY FIBERED. (Sece also Aganagic 0905.3415)



QUENCHED WAVE FUNCTIONS

GROUND STATE WAVE FUNCTION g

OTHER DEGREES OF FREEDOM?

STRONG COUPLING

WHAT CAN BE COMPUTED?



SOME THINGS TO NOTICE

Description of BPS states 1s valid classically for any value
of the coupling constant different than zero.

Should be valid at strong coupling too.

Provides a route to understand some aspects of
strong coupling physics.



A QUENCHED
APPROXIMATION

Look at spherically invariant configurations first (those
that are relevant for BPS chiral ring states).
T'hese are only made out of s-wave modes ot scalars on

the sphere.

Dimensionally reduce to scalars.



Ol — /dttr (

Naive estimate:

FEigenvalues are of order 1

VN

Potential dominates



Natural assumption:

Physics 1s dominated by mimimum of potential.
We then expand around those configurations.

Produces an effective model of gauged commuting matrix
quantum mechanics.
Off-diagonal elements are heavy’.



One can use gauge transformations to diagonalize matrices.

One can compute an eftective Hamiltonian
by calculating the induced measure on the eigenvalues and
oetting the correct Laplacian.

pr =111z -

1<J
H_ 1 2 ]‘ — |2

DB, hep-th/0507203



T'he problem reduces to a system of N bosons 1n six
dimensions, with a non-trivial interaction induced by the
measure and a confining harmonic oscillator potential.

[ et

e

Conformal coupling of scalars to sphere

Solve the Schrodinger equation



Wave function of the “Universe”

do ~ exp(— 3 22/2)

A

Y = p

Probability density

52~ s exp(— 3" 22) — exp (sz 23 logls - |)

1<J



Figenvalue gas

Similar to a Boltzman gas of N Bosons in 6d with a confining
potential and logarithmic repulsive interactions.

N . (—zfz b2 logl - )

exp(—(H)

Go to collective coordinate description:
joint eigenvalue density distribution.



Saddle point approximation:

ST S
re®~ Vol(5%9-1)

N
To — E

D.B., D. Correa, S. Vazquez, hep-th/0509015

T'his geometric sphere on dynamical variables should be
1dentified with dual sphere on AdS geometry.



Strings are built by exciting
off-diagonal modes. 'T'he masses end
up being related to the distances
between eigenvalues: Goulomb branch
masses.

LOCALITY!

Can reproduce plane wave mit and energies ot simple longer
strings (giant magnons) directly
from field theory.

D.B., D. Correa, S. Vazquez, hep-th/0509015 JHEP 0602, 048 (2006)



Coulomb branch dynamics means we can also use magnetic
excitations for the oft-diagonal modes.

Reproduce D-string giant magnon energies and check S-
duality:



DISTANCES BETWEEN EIGENVALUES AGAIN DETERMINE
SPECTRUM, BUT NOW WE KEEP T FINITE AS N IS TAKEN
LARGE.

h(N)|p — q7|?

2
472

[z — &

S-DUALITY TRANSFORMS BOTH THE ‘T
HOOFT COUPLING AND 7. WE HAVE

CORRECT STATES TO MATCH TO S-DUAL.
(CALCULATION OF MASSES IS DUE TO SEN ’94)



h(A) = Ag(1/A)

WE FIND THE FOLLOWING FUNCTIONAL RELATION
BY REQUIRING CONSISTENCY WITH S-DUALITY

g (%) = g9(y)

THE ONLY FUNCTION THAT CAN DO THIS IS
CONSTANT: NON-RENORMALIZATION THEOREM
FOR GIANT MAGNON DISPERSION RELATION.

D.B., D. Trancanelli arXiv:0904.0444



FOR ABJM:

REPRODUCE PERTURBATIVE RESULTS BY
SEMICLASSICAL METHODS

D.B., D. Trancanelli arXiv:0808.2503

h(A) IS NOT CONSTANT

NO S-DUALITY TO BOOTSTRAP IT

GEOMETRY OF M-THEORY FIBER CAN ONLY BE
UNDERSTOOD NON-PERTURBATIVELY: LOCALITY ON THIS
CIRCLE CAN NOT BE ARGUED BY MASSES OF STATES.



CONCLUSION

B IT IS INTERESTING TO STUDY CLASSICAL
SOLUTIONS OF CONFORMAL FIELD THEORIES ON
SPHERE: COHERENT STATE ‘OPERATORS’

DETERMINE CHIRAL RING SPECTRUM INCLUDING
NON-PERTURBATIVE MONOPOLE OPERATORS

B THE BEST WAY TO UNDERSTAND TOPOLOGY OF
MODULI SPACE IN 3D FIELD THEORIES: NO
GUESSING

® FRACTIONAL FLUX CORRECTION TO MODULI SPACE



SUGGEST A QUENCHED APPROXIMATION FOR
STRONG COUPLING REGIME

® IN 4D THEORIES CAN REPRODUCE SASAKI-
EINSTEIN METRIC*, LOCALITY, GIANT
MAGNONS FOR (P,Q)-STRINGS

3D GEOMETRY IS MORE MYSTERIOUS AND
RENORMALIZED

8 * Extra input- D.B, S. Hartnoll (0711.3026)



QUESTIONS

B CAN WAVE FUNCTIONS BE STUDIED MORE SYSTEMATICALLY?
(CORRECTIONS)

@ HOW DOES THIS SELF-QUENCHING BREAK DOWN?

® EMERGENT LOCALITY IMPLIES ONE CAN ASK QUESTIONS ABOUT
QUANTUM GRAVITY MORE PRECISELY

@ SMALL BLACK HOLES? TIME WARPING? ADS LOCALITY?

® M-THEORY STILL HARDER: CAN NOT AVOID DISCUSSION OF
NON-PERTURBATIVE PHYSICS.



