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M-theory

E8 X E& heterotic

ﬁ Fundamental objects in M-theory:
- three-form gauge field

|- (2+1)-dim M2-branes —> llA: fundamental strings, D2-branes
- (5+1)-dim M5-branes —> IlIA: NS5-branes, D4-branes
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Objects in M-theory are fundamental and unique! |
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| Low energy description of M-theory:
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11 dim supergravity, identified in Nahms paper

‘bupcrgrav1t thccA.eo are possible in
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M-theory, M2-branes, and MS-branes

'Low energy description of M-theory:
1\

' 11-dim supergravity, |dent|ﬁed in Nahms paper

ﬁbupcrgrdelb ‘theories are possidble in

——

| Low energy description of multiple M2-branes:
ABJM theory (Aharony-Bergman-Jafferis-Maldacena, 2008)

- three dimensional Chern-Simons-matter theories with gauge
groups U( N)xU( N), with explicit N=6 superconformal symmetry
- /nterest'mg features, e.g. ~ N3/2 degrees of freedom
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'Low energy description of M-theory:

|
' 11-dim supergravity, identified in Nahm's paper:

Ea

’ Supergravity theories are possible in ot most

—

Low energy description of multiple M2-branes:

ABJM theory (Aharony-Bergman-Jafferis-Maldacena, 2008)

- three dimensional Chern-Simons-matter theories with gauge
groups U( N)xU( N), with explicit N=6 superconformal symmetry
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Low energy description of multiple M5-branes still unknown, but:

- involves 6-dim (2,0) superconformal theory, also identified by Nahm |
- must imply S-duality in 4-dim, ~ N° degrees of freedom, etc.

|
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Very important and still very little understood!
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M5-branes and a web of dualities
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Class S
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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 lf
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AGT: Alday-Gaiotto-Tachikawa relation

W-theory / Liouville: 2-dim part of AGT relation ]\

(G. Moore, Felix Klein Lecture, Bonn, 2012)
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M5-branes and a web of dualities

5(9)

v
T2 / 5D SYM(G) \CV

Class S
CL— &

HK-CLSTR

SiiE

4D SYM (G, GY)

Class R

GL &GRT / W-theory CCFT
4 Liouville
Cat-VW A/ C
c X1, l,
AGT VW DSW Z[M] INDX

(G. Moore, Felix Klein Lecture, Bonn, 2012)



AGT (Alday-Gaiotto-Tachikawa) relation
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AGT (Alday-Gaiotto-Tachikawa) relation
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- AGT (Alday-Gaiotto-Tachikawa) relation
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3_d-3d correspondence

_KnotHom Class R
! KnotHom: Class R:

|

~ 3-dim Chern-Simons |
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3-dim N=2 theories




KnotHom Class R

| Class R:
3-dim N=2 theories |

|
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] KnotHom:
~ 3-dim Cher
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3-dim |

| quantum gravity! |




- Chern-Simons theory and knot invariants

—

Zr(a,q) = /DA (TrRej;A)ef_i J Tr(ANdA+Z ANANA)

2 271 N
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- Chern-Simons theory and knot invariant

L

Zr(a,q) = /DA (TrReﬁA)ef_; J Tr(ANdA+Z ANANA)
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- Chern-Simons theory and knot invariants

L

Zr(a,q) = /DA (TrReﬁA)ef_; J Tr(ANdA+Z ANANA)

21
q:eh:eknLN’ a:qN

~ Jones and HOMFLY |
N | polynomials

Jo(a,q) = SU(N)(O
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Asymptotics and volume conjecture |

Jsn (q) ~ exp (ng(x) + S1(x) + hSs(x) + . . )

n—oo,q"=x h
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3d-3d correspondence

| Class R:
N=2 SUSY theories |
on R3

| Knot theory:
3-dim Chern-Simons |
| ﬁsg\(Knot C
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| ZChern—Simons = JS” = ZSUSY

| So = twisted superpotential 1%

So 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
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Generalization: knot homologies




Pr(a,q,t) = Z aiqjtkdimf}-[fjjk = Try, pcal gl th



| ‘Claim: 3d-3d relation still holds! |
- tis a fugacity for some extra U(l) symmetry of N=2 theory

PS" (CL, q, t) n—>oo:qn:a; eXpP (_W(CC, a, t) 4+ ...
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Superpolynomlals not (yet?) deﬁned/comd |
by mathematluans but predlcted by physmstsI ’

Differentials |
in knot homologies|

Refined [
Chern-Simons |
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3d-3d relation and brane enéineering

- knot realized as intersection of M5-branes
- effective 3-dim theory on R%xR

space-time: R* x T*S% x R |
N Mb-branes: R? xS x R

r Mb-branes:




Example - figure-8 knot, 41

P,(41;a,q,t) = »
_ Zzozo(_l)ka—kt—qu—k(k—3)/2 (—a(zq’q);q)k (ql—n’ q)k(—at3q”_1, q)x
n Pn(41;aaq7t)
1 |1
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Example - trefoil knot, 34
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Jolg) = q+¢—¢'
a
JD(GJ»Q) = a-l—aq—aQ
Kho(q,t) = q+ ¢t* + ¢*t°
Pq(a,q,t) = a + aqt® + a°t’
q
Pn(31;a,q,t) ~ / dz e# (WE1iz.x)+0(n)) J
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twisted superpotential

AW = Lia((- )™ [T;(6)™)

chiral field @ —>

Therefore the spectrum of the theory can be read off from W:

e —adl

W(31; z,x) = Lia(xz—1) — Lia(x) + Liz(—at) — Liz(—atz) + Liz(z) + ..

3iknot | &7 & @3 @4 s |parameter
Ul)eauge| -1 0 0 -1 1 Z
U(l)Ee 0 0 1 -1 0 —t
U(l)g 0 0O 1 -1 0 a
U(l)L 1 -1 0 0 O X
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