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Vafa On 6d CFT’s
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Overview, visionary, and other plenary talks:
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Shortest	
  review	
  of	
  M-­‐theory...

Fundamental	
  objects	
  in	
  M-­‐theory:
-­‐	
  three-­‐form	
  gauge	
  field
-­‐	
  (2+1)-­‐dim	
  M2-­‐branes	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  IIA:	
  fundamental	
  strings,	
  D2-­‐branes	
  	
  	
  	
  
-­‐	
  (5+1)-­‐dim	
  M5-­‐branes	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  IIA:	
  NS5-­‐branes,	
  D4-­‐branes

Objects	
  in	
  M-­‐theory	
  are	
  fundamental	
  and	
  unique!
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  Nahm,	
  Nucl.Phys.B135	
  (1978)	
  149
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Low	
  energy	
  descripYon	
  of	
  mulYple	
  M5-­‐branes	
  sYll	
  unknown,	
  but:

-­‐	
  involves	
  6-­‐dim	
  (2,0)	
  superconformal	
  theory,	
  also	
  idenAfied	
  by	
  Nahm	
  
-­‐	
  must	
  imply	
  S-­‐duality	
  in	
  4-­‐dim,	
  ~	
  N3	
  degrees	
  of	
  freedom,	
  etc.

Very	
  important	
  and	
  s?ll	
  very	
  liAle	
  understood!
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S(g): 6-dim (2,0) theory of M5-branes
Class S: a class of 4-dim, N = 2 theories
KnotHom: knot homologies
Class R: superconformal 3-dim theories
GL: Geometric Langlands program
GRT: Geometric Representation Theory
W-theory / Liouville: 2-dim part of AGT relation
AGT: Alday-Gaiotto-Tachikawa relation
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AsymptoYcs	
  and	
  volume	
  conjecture



S0 is a sum of dilogarithms, which are in one-to-one correspondence with 
- ideal tetrahedra in a decomposition of the knot complement
- chiral fields in N=2 SUSY theory

3d-­‐3d	
  correspondence

Knot	
  theory:	
  
3-­‐dim	
  Chern-­‐Simons

Class	
  R:	
  
N=2	
  SUSY	
  theories

on	
  R3

Z
Chern�Simons

= J
S

n = Z
SUSY

S3\(Knot complement)

S0 = twisted superpotential

fW
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Claim: 3d-3d relation still holds!
t is a fugacity for some extra U(1) symmetry of N=2 theory
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3d-­‐3d	
  relaYon	
  and	
  knot	
  homologies

Superpolynomials	
  not	
  (yet?)	
  defined/computed	
  
by	
  mathemaYcians,	
  but	
  predicted	
  by	
  physicists!	
  

Refined
Chern-­‐Simons

DifferenYals
in	
  knot	
  homologies

PR(a, q, t) =
X

i,j,k

aiqjtkdimHR
i,j,k = TrHBPSa

�qP tF



3d-­‐3d	
  relaYon	
  and	
  brane	
  engineering

-­‐	
  knot	
  realized	
  as	
  intersecYon	
  of	
  M5-­‐branes
-­‐	
  effecYve	
  3-­‐dim	
  theory	
  on	
  R2xR
-­‐	
  q	
  and	
  t	
  correspond	
  to	
  two	
  U(1)	
  rotaYons

space-time: R4 ⇥ T ⇤S3 ⇥ R
[

N M5-branes: R2 ⇥ S3 ⇥ R
||

r M5-branes: R2 ⇥ LK ⇥ R



Example	
  -­‐	
  figure-­‐8	
  knot,	
  41
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J⇤(q) = q + q3 � q4
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a

q
+ aqt2 + a2t3
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Dual	
  3-­‐dim,	
  N=2	
  SUSY	
  gauge	
  theory



Summary

3d,	
  N=2	
  SUSY
gauge	
  theory

Knot	
  theory,
Chern-­‐Simons

M5-­‐branes
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