
=  QFT  +  Topology
Chern-Simons 

theory



vs

Resources

G. G. Stokes (1864)
:

J. Ecalle (1981)
F. Pham (1983)
M.Berry, C.Howls (1990-91)
S.Marmi, D.Sauzin (2003)

:

:              
M.Marino (2012)

D.Dorigoni (2014)
D.Sauzin (2014)

G.Dunne, M.Unsal (2012, 2015)
M.Kontsevich (lectures 2012, 2014, 2015, 2016)
A.Cherman, D.Dorigoni, G.Dunne, M.Unsal (2013)

D.Sauzin, G.Tiozzo (2017)



Before the 2017 KITP program

Perturbative Non-perturbative

formal power 
series

q-series

:      
S.Garoufalidis, T.Le, M.Marino (2008)

T.Dimofte, S.G., J.Lenells, D.Zagier (2009)
E.Witten (2010, 2011)

M.Kontsevich (2014)
S.G., M.Marino, P.Putrov (2016)

:
R.Lawrence, D.Zagier (1999)
K.Hikami (2004)
O.Costin, S.Garoufalidis (2006)
S.Garoufalidis (2007)

:



After … three years later

:
J.-B.Bae, D.Gang, J.Lee
S.G., D.Pei, P.Putrov, C.Vafa
V.Mikhaylov
D.Gang, Y.Hatsuda
J.Andersen, W.Mistegaard (2018, 2018)
M.Cheng, S.Chun, F.Ferrari, S.G., S.Harrison
H.-J.Chung (2018, 2019, 2020)
S.G., C.Manolescu
P.Kucharski (2019, 2020)
S.Park (2019, 2020)
S.Chun, S.G., S.Park, N.Sopenko
M.Cheng, F.Ferrari, G.Sgroi
W.Mistegaard
S.Garoufalidis, J.Gu, M.Marino

:

at KITP





~ 24 pages of
calculations



Theorem [Lickorish, Wallace, Kirby]:
Every connected oriented closed 3-manifold arises 
by performing an integral Dehn surgery along a 
link                  (i.e. a surgery along a framed link)





Trigonometric (a.k.a. hyperbolic) 
integrable systems

Open topological strings

Problems described by 
“spectral curves” in

Gauge theory in
(incl. Chern-Simons)







non-Gaussian Gaussian



Prospect #1: The role of abelian flat connections 
and Spin  structuresc



Question #1: Connections to Heegaard Floer 
homology? Contact geometry?

“correction term” (Heegaard 
Floer, Seiberg-Witten theory)



Prospect #2: Superconformal Index

abelian

non-abelian see Marcos’ talk



Prospect #3: Resurgence at
( = parametric resurgence)

x
x

-1





Question #2: Logarithmic/non-semisimple MTCs

CGP invariants

ADO invariants

Links-Gould 
invariants

Costantino, Geer, 
Patureau-Mirand

Akutsu, Deguchi, Ohtsuki



Prospect #4: Quantization of Chern-Simons 
theory (“from A to Z”)

quantization of with basis

or



Prospect #5: Knot complements



[GM-April][GPV’16] [GM-April] [GM-April]

[GM-April]

[Park-April][Park-April][Park-April]

[Park-April][Park-April]

[Park-April]

? ?

? ?





Question #3: Link complements?



Question #4: “Renormalons”?

CS values

poles

?



Question #5: Heegaard decompositions 
and framing dependence?


