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Plan of talk  

1.  Brief introduction:  Regular and 
irregular conformal state 
 

2. Irregular conformal block and colliding 
limit 
 

3. Recent results and future works 
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REGULAR AND IRREGULAR 
CONFORMAL STATE 
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Virasoro primary states 

Primary state:  

Descendent state:  
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AGT conjecture (2009) 

• Nekrasov partition function of N=2, su(2), 
Nf=4 gauge theory with Coulomb branch 
parameter a, masses m of hypermultiplet  
and Ω-background parameter Є1 and Є2 
introduced for regulation. 
 

• Liouville conformal block with vertex 
operator with dimension Δ = α(Q-α) and 
background charge Q=b + 1/b.  
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Regular conformal block 

•                                 Nekrasov partition function : 1-loop and 

instanton contribution 
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•                         Liouville conformal block of primary fields                                



Super-conformal quivers 

• Energy momentum tensor and Virasoro generator 
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• In-state or out-state as the primary state  

• The poles has degree 2 or smaller 

 



Asymptotically free quivers 
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According to AGT conjecture, one can try 
to find a new conformal theory by taking 
the colliding limit of primary fields to 
obtain ‘irregular conformal block’ 
associated with Argyres-Douglas type 
gauge theory 
 



Irregular module 

• What about degree greater than 2 ? 
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• Irregular conformal block,  Gaiotto (0908.0307) 

• Seiberg-Witten curve shows the singularity structure 

 



Case n=1 with Nf=1 
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Case n=1 with Nf=2 

Gaiotto (2009),  Marshak, Mironov, Morozov (2009) 
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Irregular module 

Consider simultaneous eigenstate of  positive Virasoro 
generators but is not the eigenstate of L0 

vk is an appropriate operator 
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Coherent state representation 

ck is the coherent coordinates of bosonic  annihilation 
operator (Gaiotto&Teschner,2012) 
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IRREGULAR  CONFORMAL BLOCK , 
THE COLLIDING LIMIT 

AND  
PENNER-TYPE MATRIX MODEL   
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Colliding limit 

• Vertex operators at the same point with 
infinite virasoro charge so that appropriate 
finiteness is maintained 
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Penner-type matrix model 
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Penner-type matrix model 
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Colliding limit 
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Eguchi& Maruyoshi (2010), Bonelli, Maruyoshi, Tanzini (2011), 
Gaiotto & Teschner (2012),  



RECENT RESULTS AND  
SOME REMARKS 

2014-06-13 19 KIAS workshop 



Inner product of irregular states 

• Inner product of irregular states is obtained 
from the Partition function = ZM= <in | out>  

• The colliding limit has the finite limit of the 
Nekrasov partition function.  

• Penner-type matrix model provides the partition 
with the coherent state parameters 
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Inner product <R|I2> 
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<I1|I2> 
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<I2|I2> 

2014-06-13 KIAS workshop 23 



Further directions 

• Inner product (partition function) 

– Extension to SU(N) quivers (Kanno&Taki2012, 

Kanno,Maruyoshi, Shiba &Maruyoshi 2013) 

– Multi-component matrix model  

– W-algebra or SH algebra  

• One point function = <out| O(z) |in> 

– 3 point vertex  
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Thank you 
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Loop equation 

Filling fraction Ni is given as the contour integral 
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Reinterpretation of Loop equation 

Use the definition of f(z) and V’ to get  
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Reinterpretation of Loop equation 
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