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Definition: A conformal field theory
IS a table of integrals.

- Brian Greene
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Theorem |GPPV]:

e Zi(Ms; q) converges in |g| < 1
M
CokerQ — Hl(Mg;Z) = SpinC(Mg)



Theorem |GPPV]:

e Zi(Ms; q) converges in |g| < 1
M
COkeI‘Q = Hl(M;g;Z) = SDiHC(Mg)

* has integer powers and integer coellicients

Zp = qd*’(Jr c1q+c2q” +...) € ¢™Z[[q]]
“correction term”

(Heegaard Floer,
Seiberg-Witten theory)
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Theorem |GPPV]:

. /Z\b(Mg; q) converges in |g| < 1
((:T)kerQ >~ H{(M3:7Z) = Spin“(M;3)
* has integer powers and integer coellicients
Zy=q% (co + g+ 2> +...) € ¢™Z[[q]]
e nvariant under Kirby moves

e gsives WRT (M3 k) as g — 2T/
%\ “level”



Theorem |[Lickorish, Wallace, Kirbyl|:

EFvery connected oriented closed 3-manifold arises

by performing an integral Dehn surgery along a
link X < S° (Le. a surgery along a framed link)
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EFvery connected oriented closed 3-manifold arises
by performing an integral Dehn surgery along a
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Borel resum
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Z q"'DTy, exp Z S,h"

n=0 \/nzo
g=-¢c" =1

Emile Borel
(1871-1956)



oV2 _ p5/2 4 =52 gT/2 4 -T2 )

V2 2952 4 2475/2 _ 3272 4 35772 4 )

o2 — 425/ 4 45752 — 9572 495772 )
V2 _ 852 4 832 _ 27272 £ 2722 4 )
272 16252 + 162752 — 81272 + 81272 4+ ..)

— Y2 32452 4 32075/ — 24347/ 4 2432772 + . .)

m? 423
fm — €nq 24

—q, [f3=0, f5=q27 f7:q37 Jo =0,

[S.6., C.Manolescu]
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A(z,y; K,q) Fk(z,q) = 0

o0
fi-1, Fi(z,9) = Y fm(q) (z™ —27™)
f3 =2, m=1
fs=1/¢+3+q,
fr=2/¢+2/q+5+2q+2¢,
fo=1/¢"+3/¢*+4/¢*> +5/q+ 8+ 5q + 4¢* + 3¢* + ¢*,
fii =2/ +2/¢° +6/¢* +7/¢* +10/¢*> + 10/q + 15 + 10q + 10¢* + 7¢* + 6¢* + 2¢° + 2¢°,
fis=1/¢"+3/*+4/¢" +7/¢* +11/¢° +15/¢" + 18/¢*> + 21/¢* + 23/q + 27 + 23¢

+ 21¢% 4+ 18¢% + 15¢* + 11¢° + 7¢° + 4¢" + 3¢® + ¢°,

[S.6., C.Manolescu]
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Theorem (“surgery formula”):

o~ dx 1 _l In? n
Zb(Sip (K)) = —(xr —x" 7 )Fk(z,q) E qr T
/ 2Tx
=1 rn = bmodp

.

Fi(z,0) = fula) (2" — ™)

m=1

§ [S.6., C.Manolescu]



Theorem (“surgery formula”):

2T
=1 rn = bmodp

Zb(Sip/,r(K)) = jg d (:c% —.I’_%)FK(IE,Q) Z q%nQ:B”

[S.6., C.Manolescu]
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A _ q1/2 z n—|—1,q

character of (1,p) “singlet”

log-VOA with p=42

"3d Modularity”
[M.Cheng, S.Chun, F.Ferrari, S.6., S.Harrison]
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Dear Hardy,

I am extremely sorry for not writing
you a single letter up to now. 1
discovered very interesting tfunctions
recently which I call “Mock” theta-
functions. Unlike the “False” theta-
functions (studied partially by Prof.
Rogers 1n his interesting paper) they
enter mto mathematics as beautitully
as ordimary theta-functions. I am
sending you with this letter some
examples ...

Srinivasa Ramanuan
(January 12, 1920)



What kind /(\)f
function 1s Z(q)?

cf. [K.Bringmann, K.Mahlburg, A.Milas]



S—l/?"(41) Za(q)

r—=29 _q—1/2(1 —q 1 2(]3 o 2(]6 P q9 yE 3q10 e qll . q14 . 3q15 . 3q15 L qlﬁ it 2q19
_|_2q20 + 5q21 + 2q22 + 2q23 L 2q26 . 2q27 o 5q28 L 2q29 o 2q30 4. )
_|_2q32 1 5q33 4 2q34 - 2q35 _ 2q38 _ 2q39 _ 5q40 _ 2q41 . 2q42 e )

r—4 _q—l/Q(l — g 2q7 . 2q10 +q21 _|_3q22 4 q23 . q26 . 3q27 . q28 4 2q43
_|_2q44 i 5q45 3 2(]46 1 2q47 . 2q50 _ 2q51 . 5q52 . 2q53 _ 2q54 A )

r—=>5 _q—1/2(1 g E 2q9 o 2q12 +q27 +3q28 Nl q29 o q32 . 3q33 o q34 i 2q55
+2q56 + 5q57 A 2q58 4 2q59 . 2(]62 . 2q63 . 5(]64 . 2(]65 . 2(]66 4. )

r==6 _q—1/2(1 —q+ 2q11 . 2q14 i q33 4 3q34 i q35 - q38 _ 3q39 _ q40 + 2q67

_|_2q68 I 5q69 A 2q70 L 2q71 o 2q74 o 2q75 o 5(]76 o 2q77 o 2q78 I+ q112 4. )
r=17 _q—1/2(1 —q+ 2q13 . 2q16 n q39 4 3q40 i q41 L q44 . 3q45 . q46 4 2q79

+2q80 kB 5q81 4 2q82 -+ 2q83 o 2(_]86 - 2q87 o 5(]88 - 2q89 o 2q90 e )

[S.6., C.Manolescu]




Theorem:

Frobenius
algebra
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‘*1* Theorem:

~ MTC — 3dTQFT

Reshetikhin-Turaev construction
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TQFT,: Bordy —> d-category



Fiber Integration

TQFT,: Bordy —> d-category

TQFTd_n( ) TQFTd( e X Mn)

&labeled by M ,



EFT-valued Topological
Invariants

EFT,..(...) = EFT4(...xM,)

TQFTd_n( ) .- TQFTd( .. X Mn)

&labeled by M,



CFT-valued Topological
Invariants

3|4-CFT(...) = 6|16-CFT( ... x M3)




CFT-valued Topological
Invariants

2|2-CFT(...) = 6|16-CFT( ... x M)

R voum;

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




My Cy, CR
g4 2%=2+24 | 271=3+2
CP?2 57 60
CP* % Xprn 2g + 4n + 4 6n + 6
mCP2#4nCP- | 26 + 31m — 5n | 27 + 33m — 6n

Equivalences (e.g. trialities)
Ul

Kirby moves

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