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® What is the world volume theory of a stack
of M2 branes in M theory!?

® Understand Chern Simons (CS) theories
better
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® | ong standing problem:

® What is the theory dual to AdS4 x H’, H’
Sasaki Einstein

® M2 probing CY4 = Cone over H’
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® Gauge coupling of YM has dimension 1/2

® All IR theories are strongly coupled

® CS terms exactly margina
® CS levels have dimension 0O
® |nteger coefficients

® Scale invariant
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Simple observations in

2+1d CS theories

No beta function for CS levels

Finite renormalization - typically at | loop

N=2 supersymmetry (4 supercharges): no
corrections

Infinite family of SCFT’s parametrized by CS
terms
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A lattice of SCFT'’s

® For one gauge group - a |d lattice of SCFT’s

® For a product of G gauge groups a G
dimensional lattice of SCFT’s

® |f put c conditions on CS levels G-c
dimensional sub - lattice of SCFT’s
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AdS/CFT

® Have a good understanding for the case of
D3 branes probing CY3

e AdSs x H°, H° Sasaki Einstein base of CY3

® Best description in terms of “Brane Tilings”
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Tiling - Quiver
dictionary

2n sided face - U(N) Gauge group with nN
flavors

Edge - A bi-fundamental chiral multiplet
charged under the two gauge groups
corresponding to the faces it separates.

k valent node - A k-th order interaction
term in the superpotential



73 orbifold of C3



CYs = conifold

v vy (D)2 (2 (1) (2) 1 (2) 3 (1)
W =X Xop X5 Aoy’ — X5 X1 X5 X

brane tiling

Example: Conifold
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® Arrows are oriented in an alternating fashion

® Graph is bi-partite: Nodes alternate between
clockwise (white) and counterclockwise
(black) orientations of arrows

® black (white) nodes connected to white
(black) only
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Comments

odd sided faces are forbidden by anomaly
cancellation condition

white nodes with + sign in the
superpotential

black nodes with - sign in the superpotential

These rules define a unique Lagrangian in
3+ 1 dimensions
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® Compute the moduli space of vacua
® Spectrum of scaling dimensions
® Central charge and volume of SE manifo

® Master space - Baryonic & mesonic moc
space of vacua

uli

® Hilbert Series - partition function to count

the spectrum of the Chiral Ring
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2+1d Lagrangians

® Given a 2d periodic, bipartite tiling with G
tiles,add G CS levels, | for each tile.

® |argest known family of SCFT’s in 2+1d!
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2+ 1d: current results

Mesonic moduli space of vacua - CY4
interacting SCFT’s in the IR
Non-trivial scaling dimensions

Master space - partial baryonic & mesonic
moduli space

Hilbert Series
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Summary

All theories described are conjectured to
live on the world volume of M2 branes
probing the CY4 - mesonic moduli space

Infinite families of SCFT’s
Count how many!?

Know for 2 terms in W and arbitrary G



The 2+1d Lagrangian
/ d4HZXabe Va X e’
/ d492k / dtV,D*(etVe D e V)

/dZHW(Xab) C.C.
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Choice of CS levels

G

Y ka=0, ged({kq}) =1
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Vacuum Equations

aAX'a,b‘/I/’ — O

&
X) =D XXy, ZX* Xea + [Xaa: X)) = 4kaos

UaXab Xaba-b =



Forward Algorithm

INPUT 1:
Cuiver
INPUT 2:

'S Levels

— (@p) (G—2)=ec — ker(C') (G-2)=G - Qaxe ;

A

with dg. g = ‘:;!h-!'_? e (P T JexE

INPUT 3:

Superpotential

(Qp)(G-2)xc OUTPUT:

(QF) (e—G—2)xc (Git)axe = [I{E ()]
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Classification of 2+1d
theories

® “order parameters”
® Number of gauge groups G

® Number of fields in the quiver E

27
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5 fields in the Quiver

" "|;j1 ) = Tr( Xy If 3 X g1 X '13:1 Nagg — Xy X I13:3 Xy 1iL1l aXa2) ;
" 'ru:j::: ) = Tr(Noy 01 Xyg Ny XNyg — Xy Nyg X1 Xya)
| |4| = Tr | .1'5._-_'.-1 [":'i . 'f'.'._-'ﬂ_;!:l.j -SLF:E,'__T-' | .




6 fields in the Quiver

Wiy = Tr(Xan X, X X{i XX — Xa X[ Xa X XeXas) ;
Wiey = Tr(Xap Xy (X{ i XaXa X7y — XXz Xai X1y))

Wiz = Tr( X2 Xo (N N XgaXay — Xa N Xpa X)) 5

Witny = Tr( XgaXo1 XX XiaXNay — Xpp Xy Nia g N Xa )
Wiy = Tr{ NaaXoiy Xy Nan Nz — Nap Ny XNy X1 Xaa)
Wiey = Tr( XyoXoa Xay X4, 47])




G=2, E=4, Model |

Figure 1: (i) Quiver diagram for the ABJM theory. (ii) Tiling for the ABJM theory.



G=2, E=4, Model |l

Figure 3: (i) Quiver diagram for phase 2 of the C* theory. (ii) Tiling for phase 2 of the C* theory.




G=3, E=5, Model |

Figure 7: (i) Quiver of phase 2 of the C x C theory. (ii) Tiling of phase 2 of the C x C theory.



G=4, E=6, Model IV

Figure 11: (i) Quiver diagram for phase 2 of the Dy theory. (ii) Tiling for phase 2 of the Ds

theory.




Counting Quivers
| Hexagon

|
L) = Gopa-ea -
= 14+t+262+35+...




Counting Quivers
Chessboard Tiling

1 — ¢
(1 —1)(1 —1¢2)%2(1 —t3)(1 — t*)
1+ ¢+ 32483 +8¢* + ...
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A variety of scaling dimensions

Toric Duality
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