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Pure 2d YM 

Consider pure 2d YM theory with action

[Migdal ’75], [Gross ‘93]
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 no propagating gluons (almost topological) 

 nevertheless non-trivial on compact  

 exactly solvable

ΣT



Pure 2d YM 

In particular, for gauge group U(N), partition 
function equals 

where 
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� = Ng2YMA : 2d ’t Hooft coupling (A area) 
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G : genus of 
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Consider ’t Hooft limit 
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� = Ng2A = fixed , N ! 1
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Pure 2d YM 

Representations of U(N) are described by 
pairs of Young diagrams
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At large N, boxes and 
anti-boxes decouple: 
restrict to representations 
only consisting of boxes 
(no anti-boxes):

Chiral 2d YM



Pure 2d YM 

In the free limit   chiral YM partition 
function has very suggestive large N 
expansion:  

(λ = 0)

[Gross ‘93] [Gross & Taylor, ’93] 
[Cordes, Moore, Ramgoolam, ’94]
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holomorphic covering maps
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� : ⌃W (g) 7! ⌃T (G) L: number of branch points  
B: total branching



Covering maps
Illustrative example (L=2 branch points).  

n: degree of covering map 
    (# of generic preimages).

Each branch point defines 
permutation in     . Sn
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Gross-Taylor formula
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Natural string interpretation: the large N behaviour 
is controlled by the genus of the covering map. 

covering map  ==  worldsheet 
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Contribution of each worldsheet: combinatorical factor.

topological string



Which string though?

Main question:  which topological string theory  
describes 2d YM?

 Cordes-Moore-Ramgoolam ‘94: topological A-
model on   
 Horava ‘95: `rigid’ topological string 
 Aharony-Kundu-Shaeffer ’23-‘25: Polyakov-like 
generalisation of Horava string 
 Komatsu-Maity ‘25: sigma model with 
composite dilaton field 
 Benizri-Troost ’25: Gromov-Witten theory dual 
to Hurwitz TFT

ΣT



Which string though?

Our approach: inspired by exact AdS/CFT duality

SymN (T4)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

AdS3 ⇥ S3 ⇥ T4
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=
1 unit of NS-NS flux

[Eberhardt, MRG, Gopakumar, ’18-’19]             

partition function/correlation 
functions can be calculated in 
terms of holomorphic covering 
maps sum over covering maps 

is directly reproduced from  
above worldsheet theory!



AdS3 worldsheet theory

Key ingredient: worldsheet theory for tensionless case 
contains pair of symplectic bosons with OPE

Spectrum includes spectrally flowed representations: 
characterised by   with  w ∈ ℕ

dual to twisted sector state in symmetric 
orbifold: introduces branch point 
associated to permutation 
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�w = (1 · · ·w)
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Localisation

Ward identities imply that worldsheet correlators  
satisfy

[Dei, MRG, Gopakumar, Knighton ’20]covering map Γ = − γ+

γ−

Implies that the correlators localise to the configurations 
that admit covering map
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Symmetric orbifold correlators

After integral over worldsheet moduli recover then  
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This is very similar to what should happen for 2d YM!   

Strategy:  
 rewrite 2d YM as deformed symmetric orbifold 
 imitate above construction to identify 
corresponding topological string theory



2d YM vs symmetric orbifold

The structure of the chiral 2d YM partition function 
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is combinatorial, and this suggests that the corresponding 
symmetric orbifold has .c = 0
So the natural candidate is the `trivial symmetric orbifold’

seed theory has only vacuum state
c.f. [Dijkgraaf, Witten, ’90] theory of 
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SM
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SymM (·) :

defined on  (of genus G). ΣT



2d YM vs symmetric orbifold

As in the AdS/CFT case we take the symmetric  
orbifold in the grand canonical ensemble, i.e.  

where  is related to string coupling  of dual string viap gs
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g2G�2
s = p

[Eberhardt, ’20]

Then partition function of trivial symmetric orbifold is

genus of covering surface ΣW
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2d YM vs symmetric orbifold

However, this only reproduces part of 

2-cycle twisted sector 
ground state[ : metric;  Ricci scalar.]h Rh

<latexit sha1_base64="S63kYqEnYDdmhKSTs6CbK18IABw="></latexit>

Z+
YM(G, 0, N) =

*
exp

✓
g�1
s

4⇡

Z

⌃T

d2x
p
hRh �2(x)

◆+

<latexit sha1_base64="V7KASTDDv7kNYwiRKcAWlKy1yRo="></latexit>

Z+
YM(G, 0, N) = exp

" 1X

B=0

BX

L=0

✓
2� 2G

L

◆ X

�2H(g,G,B,L)conn.

1

|Aut(�)|N
2�2g

#

namely the terms with .  To capture also  
branch points, we propose to perturb the symmetric  
orbifold, i.e. to consider

B = L = 0

<latexit sha1_base64="OxZloUsX1eI/a+MiQuY4odVspHQ=">AAACM3icbVBNS8NAEN341Vq/WvXmZbEInkoiUr0IRS+epIL9gDaUzXbTLt1swu6kUEP+i1e9+2PEm3j1P7htc7CtAwOP92Z4M8+LBNdg2x/W2vrG5lYuv13Y2d3bPyiWDps6jBVlDRqKULU9opngkjWAg2DtSDESeIK1vNHdVG+NmdI8lE8wiZgbkIHkPqcEDNUrHncGPY1vcBd8RWjipMlD6vaKZbtizwqvAicDZZRVvVeyct1+SOOASaCCaN1x7AjchCjgVLC00I01iwgdkQHrGChJwLSbzM5P8Zlh+tgPlWkJeMb+3UhIoPUk8MxkQGCol7Up+Z/WicG/dhMuoxiYpHMjPxYYQjzNAve5YhTExABCFTe3YjokJgcwiS24TMJYDhbfGFPzLFNTV3euA/FSE52zHNQqaF5UnGql+nhZrt1mIebRCTpF58hBV6iG7lEdNRBFz+gFvaI36936tL6s7/nompXtHKGFsn5+AQGbquQ=</latexit>

[gs =
1
N ]



2d YM vs symmetric orbifold
We have confirmed this in perturbation theory  
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where the string coupling is .gs = 1
N

The zero’th and first order calculations are straightforward;  
at second order 
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2d YM vs symmetric orbifold
To do so, we write 
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2d YM vs symmetric orbifold

The higher order terms work similarly, and thus we  
recover chiral 2d YM!  

Incidentally, we can also obtain, conversely, the  
symmetric orbifold by deforming 2d YM by
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The worldsheet theory

Given similarity with tensionless AdS/CFT duality,  
expect the dual string to be associated with . AdS3

However, since the central charge vanishes, this  
should mean (via Brown-Henneaux) that 
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The worldsheet theory

Can try to make sense of the level   theory 
by using Wakimoto representation

k = 0 sl(2,ℝ)
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where  are symplectic bosons, and the level now  
enters via the background charge for the boson 

(β, γ)
Φ
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The worldsheet theory

At level  the background charge becomes , 
and we can redefine , to obtain

k = 0 Q = i
ϕ = iΦ
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boson with  and  
wrong sign kinetic term

Q = 1

Thus can fermionise into a first-order system of anti- 
commuting chiral fields: write  and defineϕ = φ + φ̄
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[h(p) = 1, h(✓) = 0]



The worldsheet theory
Hence end up with two identical first order systems
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(�, �) and (p, ✓)

with opposite statistics and hence . Actually, 
can write  currents in terms of these free fields

cws = 0
sl(2,ℝ)
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J+ = � , J3 = �� + p✓ , J� = ��2 + 2�p✓

cf. [Dei, Knighton, Naderi, ’23]

What is special about this set-up is that it actually contains 
a twisted  algebra  𝒩 = 2
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The worldsheet theory

Thus can quantise it as a topological string. Then the  
interaction term 

[Knighton, Sriprachyakul, ’24]
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is BRST exact, and can be dropped. Thus we end up 
with the `near boundary’ theory of  
for which localisation can be directly understood (using 
path-integral methods). 

[In fact, the symplectic bosons of this theory play  
essentially the same role as those we saw earlier.] 



The worldsheet theory

By analogy to the tensionless AdS  worldsheet theory,  
take the spectrum to consist of usual free field  
representations and their spectrally flowed images.

3

correspond to twisted sectors 
of dual symmetric orbifold

Topological twist: only the ground states in each  
spectrally flowed (=twisted) sector survives.



The worldsheet theory

Localisation of these spectrally flowed operators works 
as for the usual tensionless AdS/CFT case, and we thus 
reproduce the expected symmetric orbifold correlators, 
resp. partition function.

Deformation by 2-cycle twisted sector also natural from  
this perspective: in tensionless case the analogous  
operator switches on R-R flux in the dual AdS   
background. 

3



Conclusions and Outlook

chiral 2d YM deformed trivial 
symmetric orbifold

top twisted  
 theorysl(2,ℝ)0

2d theories 
on ΣT

worldsheet  
theory on ΣW

covering maps 
Γ : Σw → ΣT

≅

AdS/CFT

This talk: concentrated on partition function. 
                Analysis works similarly for correlators.  



Open questions

 what is special about 2d YM / symm. orbifold? 
 extend to full 2d YM (chiral + anti-chiral) 
 duality for non-zero ’t Hooft coupling 
 relation to other proposals 
 other versions: add matter, higher dim 
 D-branes, defects, etc. 
 …



Thank you!


