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Surprise #1: M, = ALE space

> q" x (MIS(My)) = xvoal(q)
n [K.Yoshioka]
[H.Nakajima]
[C.Vafa, E.Witten]



Surprise #2:

Ny [EWITTZF\]

+ =\t [J.Bryan, R.Wentworth]

Fy = Z (\P@\Ijz) [A.Losev, N.Nekrasov, S.Shatashvili]
1=1 :

Dy, =0 i=1,...,Ny [M.Dedushenko, S.G., P.Putrov]

Ny (A —0) —2(x + o)
4

virtual dim My, (My; A) =

Ny>1: /(...) iIl-defined
My,

~ non-compact



Surprise #2:

Ny [EWITTCH]

v =\t [J.Bryan, R.Wentworth]

Fy = Z (\IJ’L\P@) [A.Losev, N.Nekrasov, S.Shatashvili]
i=1 :

DY, =0 i=1,...,Ny [M.Dedushenko, S.G., P.Putrov]

Ni(A\—0)—=2(x+0)

virtual dim My, (My; N) =

4

Example (N; =2, A=0):

V¥, = harmonic spinor

Uy = JWUy




SU(Nf) C MNf (M4; /\)

Theorem: components of the fixed point set

Fi%’./\/ll‘%./\/lj\rf i =1,..., Ny

Eul(N;) = [[(z — 2)s*



equivariant/ (o) = SW) ) ( )11(/\2
1=1 < Zi)®
M, i
= (0[S(21) ... Slan;) [A)
ZZ
®
021 %3




6d theory

Vir Y
1 2d theory super-Ver
c, = 13x + 180 T[M4] Cp = 1 (27x + 390)

2

VOA[M 4]



My Cy, CR
20 =2+ 24 27 =3+ 24
CP> 57 60
CP!' x %, , 29 + 4n + 4 6n + 6
voA| ) | = BRST reduction with respect to si(2)

[P.Putrov, J.Song, W.Yan]



My Cy, CR
S 26 = 2 4 24 27 = 3 + 24
CP? 57 60
CP!' x %, , 29 + 4n + 4 6n + 6
mCP2#nCP- | 26 4+ 31m — 5n | 27 + 33m — 6n

Equivalences (e.qg. trialities)
i

Kirby moves

[B.Feigin, S.6.]
[A.Gadde, S.G., P.Putrov]




\\“ VOA[M#C_PQ} ~ U @ VOA[M,]

cr,(U) = =5

cL(U) = +31

VOA[MZL#(CP?} >~ I @ VOA[M,] g,
S ;

G | SU@2)|SUB)|sSU@) | SU®B) | ...
c,M) | -5 | —22 | =57 | —116 | ...




TN17N23N3 = TN37N15N2 = TN27N33N1




Gr(k,N) = Gr(N —k,N)

S — Gr(k,N) ~ Q* — Gr(N —k,N)
Q = Gr(k,N) =~ 8 — Gr(N—Fk N)
where

0 — 85 — 0V —Q — 0



D N2
[1SONs @ TIQ

!
TN]_,NQ,NS ’

Nz_NSaNl)
Gr (Nl+ >

N

T






Surprise #3.  hidden SL(2,/Z) action on ...

(G¢ flat connections )

My = R x M;
R i () M+)

My
“Heegaard branes” in
Mg (G,Y) = Mgy (Ge,X)



sL(2,2z) C HF, (M)

Prediction:

G SU(2)

® C(q) _
~ Skein(M ;)
= HP(M3) + (reducibles)

= K" (MTC[M=,G])

[S.G., P.Putrov, C.Vafa]

SU(3)|SU(4)|SU(5)|SU(6)

dimg,) Sk(T%) | 9

29 4 129 | 261

w/ S.Nawata, D.Pei, I.Saberi, ...




surprise #4.

components
sL(2,2z) C <of U(1)3 fixed>

point set

Higgs bundles: (A, ®) — (A, ¢/ ®)




Example: ./\wild
M H ( ,ramiﬁca,tion)

2 fixed points Fibonacci MTC
T s 2T
LL= 0 1/5 :l SIn & sin =
o V5 \sin2f —sinZ
W1: 2/5  6/5 - _mi
T = (e c )
e 15

W, = 3/5 —1/5

[M.Dedushenko, S.6., H.Nakajima, D.Pei, K.Ye]



4d N=2 theory on My = St x My

3d TOQFT on Mj

O s i ()

[M.Dedushenko, S.6., H.Nakajima, D.Pei, K.Ye]



4d N=2 theory on My = St x My

3d TOQFT on Mj

O ~s MTC(S'x )

[M.Dedushenko, S.6., H.Nakajima, D.Pei, K.Ye]



surprise #5:

AN

Zao(M3) = q° (Co +c1q + c2g” + .. ) c; € L

— Xlog-VOA

2d see Miranda's talk

3d T[M,]

?
3-manifold — Log-VOA[M;]



Surprise #6:  6d theory

2d (0,1) theory

l

graded byj

d = 2(CR — CL)



Surprise #6:  6d theory

w/ D-Pe| P Pu’rrov‘ C. Vafa

2d (0,1) theory

“equivariant TMF" ?

T[M 4] e m«I'MFg

graded by j

AS, = Hom (QSP”“(BG) Z) © Hom (Tor QP (BG), U(1))



(&

A
A N=2 )
on 2-manifold > MTC
4d N =2 > MTC
5d N =1 > TMF

6d N = (0,2) - VOA






