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[Haghighat, Kozeaz, Lockhart, Vafa 20131
[SH, lgbal 20131

Compute the topological string partition function Zx s using the refined fopological vertex

-) assign trivalent vertex to each intersection

Al —
el et vl 1+ 1AL = lul

C)\,ul/:q 2 1 2 q 2 Zl/@aQ)Z(%) i
n

h(rv—1)N+2

X Sxt/n(tPq7") s, M@ PTY)
~ t . . —1
Z,(t.q) =[] (1—75”9'_7’“(1””) ,
(i,5)€v

-) glue vertices according to web diagram

2mim\ |V
E :(—6 )| |CM1>\1VC/L§>\§1/’5

14

-) e¢hoose preferred direction

must be comwmon to all vertices of diagram b m
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Different choices of preferred direction afford different (but equivalent) expansions:

Zxar ({1} {0 dmb. 1) = Zy({o} ) 3] € Zel o). fm)) = 2000

—
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common norwmalisation factor i

(perturbative partition function)
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—

k
different parameters playing the role of coupling

Compare different series expansions with instanton partition functions of quiver gauge theories.

Equalities of partition functions implies dvalities among different gauge theories: Triality
[Bastian, SH, lqbal, Rey 20171
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Further Dualities from X v ),

Flop transition for any two curves in the diagram:

LSH, Igbal, Rey 20161

v2 +v4+ h1 4+ hs + he
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Further Dualities from X v ,,

Flop transition for any two curves in the diagram:

Example: Series of flop and SL(2,Z) transformations for Xz o ~ X 1 tsh 1gpal, Rey 20161

Puality leaves partition function invariant
Zzo({h}, {v},{m},e12) = Zs1({W'},{v'}, {m'}, e10) [Bastian, SH, lgbal, Rey 20171
Kahler parameters implied by dvality transformation

: : Lo : 1
Vertical expansion of Zg  gives rise to a gavge theory with gauge group U/ (6) and part. fet. 25213

Further duvalities among larger classes of gauge symwetries
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Network of Dual Theories

Extended moduli space of X iy as:
NM = N'M'

X i X / /
N AN for gcd(N, M) = ged(N', M)
Partition function invariant [SH.Igbal, Rey 2016]
ZN,M({h}v {U}v {m}a €1,2) — ZN’,M’ ({h/}, {U/}a {m/}a E1,2) (partiall proofs: [Bastian, SH, Iqbal, Rey 20171

[Haghighat, Sun 20181

walls of Kahler cones

intermediate Kahler cone(s) that are passed through
in the series of flop- and symmetry transformations
onnecting Xy ar and Xy pp0



Network of Dual Theories

Extended moduli space of X iy as:
XN,Mm ~ XN M for
Partition function invariant

Zym({h} {v, {m} e2) = Zn o ({R'} {v'}, {m'} e 2)

Weak coupling regions within each Kahler cone:

-

[ w— 00

NM = N'M'

ged(N, M) = ged(N', M")

LSH, Iqbal, Rey 20161

(partial) proofs: [Bastian, SH, Igbal, Rey 20171
[Haghighat, Sun 20181




Network of Dual Theories

Extended moduli space of X iy as:

NM = N'M’
X Y X / /
Partition function invariant [SH, Igbal, Rey 20161

ZN,M({h}v {U}v {m}a €1,2) — ZN’,M’ ({h/}, {U/}a {m/}a E1,2) (partiall proofs: [Bastian, SH, Iqbal, Rey 20171
[Haghighat, Sun 20181

Network of dual theories: eastian SH Igbal, Rey 20171
for any (', M') with

NM = N'M'
ged(N, M) = ged(N', M")
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Dihedral Symmetries of Configurations (N,1)

Web of dvalities among different theories can be turned into symwmetries for individval theories

Example (N,M)=(21);

a; = vy, + ha, ag = vz + hy,

S =hy+vy+ hy, R—25=m1 —vsy.

LSH, Bastian 20181



Dihedral Symmetries of Configurations (N.1)

Web of dvalities among different theories can be turned into symwmetries for individval theories

Example (N,M)=(21);

1
S, 2
hl ma
a
2
1 Sl
Sg ho ma2
" 1 v &
2
T S

0,1:U1+h2,

S=h2—|-1)2—|—h1,

dval web diagrams

Zi’lzmlqthl,
S' = hy +mi + hy,

LSH, Bastian 20181

s, NG
Iy A
a
2R
mo Si ’k
Sé h2 U1
S5
N 1 my
C\I] L 7S ha
a

o 1

5’2:m2+h2,
R —25 =v, —myq.



Dihedral Symmetries of Configurations (N.1)

Web of dvalities among different theories can be turned into symmetries for individual theories
LSH, Bastian 20181

Example (N,M)=(21);

S - S
%Lhnl m™os - hy %L__"l 2 S 1 hy
————————————————— a - a
=1 /52 =1 /sg
™Mo U1
S 2 S/ 2

61:v1+h2, aQZU2+h1, ZL\’1:m1+h1, 5’2:m2+h2,
S:h2+U2—|—h1, R—QS:ml—’Ug. S’:h2+m1—|—h1, R/—2S/:U2—m1.

Implies the following symwmetry of the partition function:

a1 a 1 0 -2 1 et O .

o ah 0 1 -2 1 , el =
=G - where G = with

g 1 S’ 1 0 0 —1 1 G- -Gy =1 44

R R’ 00 0 1



Generalising to include other duality transformations:

o>
<
hy /
a
v
mo N
h2 U1
EQ l 1 Uy my
C\‘] 77777 }Ll
”””””””””” P — a
=1
(%%
S’ 2
G G
1
Z
hy my
a 9 .
U1 %
hQ mo
(g 7777% my V2o hl
I | m
& / )
G2 my o
N2
G

1 2
V)
V2 AQ
a
2 o
}Ll ¢
s U1 my
[V N,
\ I
3 2 +"ha
Sl S myo, Vg
// a
Sx ’ 42
1




Generalising to include other duality transformations:

1 o
'
hy A

2 o
<
1

N = O =

N M/ = O

—_ =

1 0 -2 1 oo —a
S v
|01 21 2/
"“loo -11 TN
00 0 1 “
\Gl Gl
1 0 0 0
01 0 0 N
G2—11—10 a’“ﬁlz
2 2 1 ol
tg 1 m 2
Q‘:::: ,,,,,,,, / h—la
.\m
1\
o 2 AQ ) N
hy ¢
S U1 my
Ao




Generalising to include other duality transformations:

1 N
S \2 i lyxs Gi1 Gz Gy
L AN Nywa | Dgxa  Ga G G3
1 0 -2 1 %llvz ,,,,, m 1h_1a Gl G]_ ]14)(4 GS G2
=T x
S R \/ Gy | G2 Gz lya Gy
“loo -1 1 NC
00 0 1 Gs Gs Go G Ngx4
\Gl Gl
10 0 0
01 0 0 1\
=111 1 0 h/2
2 2 —4 1 o \
\ sl 0 | 1 0 -2 1
P b, 0 1 -2 1
G ) 242 11 -3 1
° 2 2 —4 1
Go




Generalising to include other duality transformations:

1 o
S \2 \ lyxs Gi1 Gz Gy
L AN Nywa | Dgxa  Ga G G3
1 0 -2 1 %llvg ,,,,, m 1h_1a Gl Gl ]14)(4 GS G2
=T x
101 =21 / GQ GQ Gg ]14><4 Gl
Gl_ g 2 ,
00 -1 1
00 0 1 G G Go Gy 1454
o N Group Structure:
1 0 0 O 1 {ﬂ4x4,G1,G2,G3}gDih2
a_| 01 00 \
27111 -1 0 o / N
2 2 —4 1 o \

\ tgl:,,,;l m V: h ]_ O _2 1
| e - 01 -2 1
~ —

G /. G Gs=111 31

S 2 2 —4 1
Gy Gs




Generalising to include other duality transformations:

1 o
S \2 i lyxs Gi1 Gz Gy
L, AN lyxa | Daxa Gi Go Gs
1 0 -2 1 %llvz ,,,,, m B T Gl G]_ ]14)(4 GS G2
=T x
=YL =21 \/ Go Go Gs N4 G
00 —1 1
00 0 1 G G Go Gy ILasxa
o N Group Structure:
1 0 0 0 {]14X4,G1,G2,G3}2Dih2
a._| o1 00 1\
27111 -1 0 /
2 2 —4 1 v
1 0 -2 1
0O 1 -2 1
G 1 1 -3 1
2 2 —4 1
Go

5%
S U1
(Vo R
| I
N 2 ha
Sk 2. AL s
a
s\/ 42
1

Symmetries act

from
the perspective of any
of the gauge theories
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Generalisation to (N,1):  Sywmwetry group

G(N) ><
N\

shuffling’ of roots

where

Dihs
Dih,

Dihjs
Dih

if
if
if
if

Z2=22=
Vo

0 DN =



Generalisation to (N1):  Symwetry group

" Dihy if N=1,

. Dih, if N =2,

G(N) >< where G(N) = 4 Dihj, N3
\ | Dih,, if N >4.

shuffling’ of roots
Explicitly

G(N) = ({G2(N), G5(N)|(G2(N))* = (G2(N))* = (G2(N) - Go(N))" = 1})



Generalisation to (N1):  Symwetry group

" Dihy if N=1,

. Dih, if N =2,

G(N) >< where G(N) = 4 Dihj, N3
\ | Dih,, if N >4.

shuffling’ of roots

Explicitly

G(N) = ({G2(N), G5(N)[(G2(N))* = (G2(N))* = (G2(N) - Qé(N)ﬁ’)— 1L})

3 for N=1,3
n = 2 for N =2

o for N >4



Symwetry group

" Dihy if N=1,

. Dih, if N =2

G(N) >< where G(N) = 4 Dihz N3
AN | Dih if N >4.

shuffling’ of roots

Explicitly

G(N) = ({Ga(N), Go(N)[(G2(N))? = (G5(N))? = (Ga(N) - Qé(N)ﬁ)— 1})
{ 3 for N=1,3
n = 2 for N =2
o for N >4
withthe (IV + 2) x (IV + 2) watrices

( 0 0 \ ( —2 1 \
Inxn 5 5 , Inxn L
Ga(N) = 0 0 and Go(N) = —2 1
1 1 —1 0 0 0O —1 1




Action on the Free Energy: (N, 1)

Fourier Expansion of the Free Energy:

oo
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Action on the Free Energy: (N, 1)

Fourier Expansion of the Free Energy:

oo

Fni(a;, S, Rie12) =In Zn1(a;, S, R €1,2) Y Y Y 7681 tes2 ! 2(181 Silkn G QSQR

/N
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Action on the Free Energy: (N, 1)

Fourier Expansion of the Free Energy:

FN71(ZL\Z',S,R;€1’2) In ZNl(az,SR 612 S‘ Y S‘ YGSl 1 82 1fz(181 Si])\,kn 311... %]jv QIE’QT}%{

51,50=0n=011,..., N kKEZ
1 N\
/ N
2

Action of G(IN) x Dih y on Fourier coefficients

f(81782) _ f(Sl 82)

11,...,tN,k,n (LI AN

/ /
k' ,n

for

N
N\ (i, - i, K on)T = G (i, i, o) T

G € G(N) x Dihpy




Action on the Free Energy: (N, 1)

Fourier Expansion of the Free Energy:

Fna(a;, S, Rye12) =1n Zn1(a;, S, Ry €12) = Y Y Y Yésl tes?T 1(7071(181 Sij)vkn %11'-- %}.Q’%Q}%

/N

.....

51,50=0n=011,..., N kKEZ

Action of G(IN) x Dih y on Fourier coefficients

f(81782) _ f(Sl 82)

11,. ZN7k7n 217 ZN?

k' n/
for

N
N\ (i, - i, K on)T = G (i, i, o) T

G € G(N) x Dihpy

checked explicitly in numerous examples tsu gastian 20181

Notation:
R N
— 627maz- p= Zai
_ 2miS 1=1
Qs =e B




Action on the Free Energy: (N, 1)

Fourier Expansion of the Free Energy:

Fna(a;, S, Rye12) =1n Zn1(a;, S, Ry €12) = Y Y S‘ Yésl tes?T 1]";(181 Sij)vkn %11'-- %Q@Q%

/N

.....
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Action of G(IN) x Dih y on Fourier coefficients
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for

N
N\ (i, - i, K on)T = G (i, i, o) T

G € G(N) x Dihpy

checked explicitly in numerous examples tsu gastian 20181

Symwmetry constrains form of the coefficients of
the free energy



Action on the Free Energy: (V, 1)

Fourier Expansion of the Free Energy:

Fna(a;, S, Rye12) =1n Zn1(a;, S, Ry €12) = Y Y S‘ Yﬁsl tes?T 1]";(181 Sij)vkn %11'-- %Q@Q%

/N

.....

51,50=0n=011,..., N kKEZ

Action of G(IN) x Dih y on Fourier coefficients

f(81,82) L (81782)
11,...,4N,k,n i’l,...,ig\,,k’,n’

for

N
N\ (s K n)T = G (i, iy Rm)

G € G(N) x Dihpy

checked explicitly in numerous examples tsu gastian 20181

Symwmetry constrains form of the coefficients of
the free energy

Transformations also involve the instanton
parawmeter —
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Embedding into Paramodular Group

Combine parameters into period matrix of 2-torus

Action of G(IV) on () can be embedded into a paramodular group of level NV

YN = S

;

\

/ x
*
*

* N
*

* N

*
>k
*

\*N *N *xN

>1</*N \

X

« )

Q:<R

S p/N

€ Sp(4,Q)

x € /.

N

/

S

)



Embedding into Paramodular Group

. _ . . (R S
Combine parameters into period matrix of 2-torus (1= ( S p/N )

Action of G(IV) on () can be embedded into a paramodular group of level NV

'/ * *xN % * \ )
B * * x  x/N
\ #N N #N ) /

Leaves the reduced free energy invariant [Bastian, SH 2019]
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Embedding into Paramodular Group

. _ . . R S
Combine parameters into period matrix of 2-torus (1= < S p/N )

Action of G(IV) on () can be embedded into a paramodular group of level NV

(/ * *xN % * \ )
B * * x  x/N
\ #N N #N ) /

Leaves the reduced free energy invariant [Bastian, SH 2019]

dQga
Fni1(R, S, p,€1,2) Z QkQRH]{ C,il In Zn 1(w, €1,2)

k,n>0

In the Nekrasov-Shatashvili limit (for e2 — 0), enhancement of > 5

Un O

Ei‘;\[ = 2N UXnNVN C Sp(4,R) with Vy = ( 0 T
N

) with Unx =

(V7

2l



Embedding into Paramodular Group

. _ . . (R S
Combine parameters into period matrix of 2-torus (1= < S p/N )

Action of G(IV) on () can be embedded into a paramodular group of level NV

(/ * *xN % * \ )
B * * x  x/N
\ #N N #N ) /

Leaves the reduced free energy invariant [Bastian, SH 2019]

dQg
]:N,1(R, S, p, e12 Z Q) QRH]{ C,il 1HZN,1(¢U,€1,2)

k,n>0

In the Nekrasov-Shatashvili limit (for e2 — 0), enhancement of > 5

- : _( U~v O : _1L (0N
Yy =2XnyUXNVN C Sp(4,R) with VN—< 0 UJZ\;) with UN_m(l 0)

Corresponds to the symmetry R <— p of Fp 4 [Bastian, SH 2019]
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Generalisation to Configurations (N,M)

Start from the instanton expansion of [U(IN)]™ gauge theory:
*  couplings (T1,...,Tpm—1,7)

* gavge parameters of kth gauge node @ (%) (for & = 1,..., M)
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Generalisation to Configurations (N,M)

Start from the instanton expansion of U (V)] M gauge theory:

g (T4, s TM—1,T)
% of kth gauge node d’(k) (for k. =1,..., M)
* D promotes (v _1 gauge algebra to an_1

* 9 of bifundamental hypermultiplet matter

Arrange into vector ¢ = (d’(l), o dM) o T, T, S, p)t

Symwetries act as linear transformations s : v — S - U

Found 6 different types of symmetries that can be arranged into 6 involutions t;,—1 . ¢ with

t’i o th — 1 and (tz O tj)omij — 1] [Filoche, SH, Kimura 20231

Mathewmatica package NPLSTsym.m for explicit formof t,—1 ¢ [Filoche, SH, Kimura 20251
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Braid-relations (ti O tj)omij — 11 with Coxeter matrix 7,

1 M N
mSS — M 1 N
N N 1
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Braid-relations (ti O tj)omij — 11 with Coxeter matrix 7,

1 M N
mSS — M 1 N
N N 1

- mT m each combination forws a dihedral group
M = .

14 1 Map OO
» TN — | Mab 1 O
o0 o0 1

Pihedral grovp Dih,, .

Mab N=1| N=2 | N=3| N=4| N=5| N=6 | N=7T|N=8
M =1 3 2 3 00 00 00 00 00
M =2 2 3 s 4 s 9 s s
M =3 3 s 6 s s 00 s s
M =14 00 4 o0 0 o0 o0 o0 00
M =5 00 0 0 s 6 ) 0 0
M =6 00 00 00 o0 [ee] 0 o0 o0
M=7 00 0 0 0 s ) 6 0
M =8 00 00 o0 00 o] o0 o0 0




Braid-relations (ti O tj)omij — 11 with Coxeter matrix 7,

1 M N
m°° =M 1 N
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212(2(88 ||| ce
2R IR [=[8 | =8
BRI [ =8 18182
B8 =|R IR [8 (188
R =R (R [18 [18]18]2
SRR |2 [8]12]%

Embedding of the t; into generalised para modular group under study [Filoche, SH, Kimura in preparation]
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Physical interpretation at particular point in the moduli space

-  r=(1 —( M T p P T T T
v—(a(),...,a( ),Tl,...,TM_l,T,S,p) %( 90055 I ,M,...,M,T,S,p)
N———
M(N—1)-times ~times

Identify all gauge parameters of all gavuge nodes
ldentify all couplings

Remaining parameters can be arranged in the period matrix of a genus 2 surface

() = (g% ié% ) due to double elliptic vibration strueture of X v ps
tizi,.. cmapthespace V={(£ ... . £ = .. T 78 p)]|(r,Sp) R} intoitself
1 M N
* involutions t; 2 3: (7,5,p) — (7,5, p) ms® = (1\]\{ ]if Jf)

*  Involutions t4 5 6:

ty: (1,5, p) — (7,7 — S, N(TAZQS) + ,0)
1 Map OO

ts 0 (7,9,p) — (7‘ + N(p]\;%),p — 5, p) mad (mub 1 oo>

o0 o0 1

ts : (7'7 S, /0) — (T7 -5, 10)



T/M S
S/M pé]]\\ff
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ty: (1,5, p) — (7’,7’ — S, N(TAZQS) + p) 0

(T + Me=29) 5 S, p)

]
N\

Can be interpreted as Sp(4, Z) actionon () :

& B): Q— (AQ+B)(CQ+ D)™,

with the matrices (assuming N/M € N)
STS for f4 O t6 .

B — C — (8 8) (D_l)T — A = TN/M for t50t6,

((1) _01) for t6



: _ N(T—-25) /M S/M
ty: (1,5, p) — (7’,7’ S, —7 —I—p) 0O = (SéM péN

Can be interpreted as Sp(4, Z) actionon () :

& B): Q— (AQ+B)(CQ+ D)™,

with the matrices (assuming N/M € N)
STS for f4 O t6 .

B — C — (8 8) (D_l)T — A = TN/M for t50t6,

((1) _01) for t6

with S = (°; o) and T' = (§ 1) generatorsof PSL(2,7) C Sp(4,Z)
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Quiver Algebras

Consider a quiver 1 as a collection of nodes and (oriented) edges

nodes

edges

[ itself encodes an algebraic strueture, e.g.: Cartan matrix [Kimura, Pestun 2015 201620171

Notation: |
[m]
Cij (1 T t/q Z ,ue t/q Z He He - . . mass deformation

en—) e:)— of edge €




Quiver Algebras

Consider a quiver 1 as a collection of nodes and (oriented) edges

nodes
edges
[ itself encodes an algebraic strueture, e.g.: Cartan matrix [Kimura, Pestun 2015 2016,20171
e = (14 )™ — Y )™ = > ps
e:1—] e:]—1
independent of €1 o for €1 = —€o = € and symmetric under (e < (L, '
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LSH, Filoche 20221
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M=1 Gauge Theory Partition Function

Simples Case: U(V) single node ‘

"= [1+ (/)" — (t/9)"Q% — Q5" = 2 — Q% — Q3" @

Partition Function: [SH.Igbal, Rey 20151
LSH, Filoche 20221

1 Voo (@3 )
Zn1 = Wn(0) Z @iy |+l (H e Sjp) H Taja (PaSA(l) N—1:€)
k=1

7.904]@&1{;(17/0) 1§’L<3§N T .....

Nekrasov subfunction

non-perturbative  instanton parameter
encodes gauge structure

contribution

quotient of Jacobi theta functions:
independent of gauge parameters

Explicit Form: LSH, Filoche 20221

o[+
Toja; = <_¢_Z§TS2, ,0)) H [( H Y/ (aij + eny ", K S; p)) ( H Q (aij — enﬁ‘fs’aﬂ,mS;p)>}
k==+1 (

r,s)Ea; (r,s) €0




M=1 Gauge Theory Partition Function

Simples Gase: U(N™ No’raﬂon

Theta functions:

n] _
C = ]. t t .1 1
[ —I_ ( /q IUJ;/ x p H 9 (x—l -V -|—’L——t i ‘|‘J_—7p) H 9 (x—lqﬂj—z—|—§tVi_J+§;p)
(1,7)€En (i,5)€v

Partition Function: oo —1/8

9(z; p) = <$1/2 _ :1:_1/2) H(l _ 37@k)<1 _ :c_le) iQp 91(Z p)

11 1.0 — Q)
Zn,1 = Wn(0) Standard Jacobi Forms
o 07 (2; p)
b_2(p,2) = and =8
2(p:2) n°(p) ;2 0
hon-perturbi  kronecker-Eisenstein Series

contribution
01(u + v; p)01(0; p)
01 (u; p)01(v; p)

Explicit Form: B

Vu,v € C

ot | =
2|E
D | &
~— | —
N—_

Q(u, v; p) = exp <27m'v =

LSH, Filoche 20221

¢—2(S; /0) il o] g ,o Qi,o
,TO‘jaz‘: <_ A2 ) H H Q<aij+€nrﬁs7 “,HS;p) H Q(azg_en 7,k S; :0)
k==1 (

r,s)Ea; (r,s) €0
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"= [1+ (/)" — (t/9)"Q% — Q5" = 2 — Q% — Q3" @
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LSH, Filoche 20221
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Nekrasov subfunction

non-perturbative  instanton parameter
encodes gauge structure

contribution

quotient of Jacobi theta functions:
independent of gauge parameters

Explicit Form: LSH, Filoche 20221

o[+
Toja; = <_¢_Z§TS2, ,0)) H [( H Y/ (aij + eny ", K S; p)) ( H Q (aij — enﬁ‘fs’aﬂ,mS;p)>}
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Contribution of Nekrasov Subfunction can be written as correlation function

f[ S, 0>/<0 f[ S,

xEXOél,...OéN xeX@,@

QL ] o= (o

1<i<j<N

0 > [Kimura, Pestun 20161



Contribution of Nekrasov Subfunction can be written as correlation function

< <
T s. 0>/<0 [T s.
rEXay,...an

xE€EXp, . . .0

~.

Chern characters in moduli space of instanton

QL ] o= (o

1<i<j<N

0 > [Kimura, Pestun 20161



= ('I",S)EO&Z'

(S i |+
7;3,%:(—¢ Zgﬂ,p)) H {( H Q(aij-l-engfs’al,/mg;p)) ( H Q (a;;
=+1

(r,s)€a;

Contribution of Nekrasov Subfunction can be written as correlation function

I s fo)/Gof T sifo)

xE€EXp, . . .0

~.

Chern characters in moduli space of instanton

Q== T Tajai:<o

1<i<j<N

Screening currents:

S, =:exp | sgplogx + 50 + Z s,fj)m_m + S,fn_):z:m
meZ*

?,é’a’,f%S;p)ﬂ

[Kimura, Pestun 20161
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K= r,s)Ea;

Contribution of Nekrasov Subfunction can be written as correlation function
<

| Tajai:<0 T s. [T s. o>

<
0> / <o
1<i<j<N rC€Xaq,. .ayn SR 4/
Chern characters in moduli space of instanton

~.

Screening currents:

Sy =:exp | sologx + 50 + Z stHg=m 4 g(=)gpm

meE”ZL*
Free Field modes
[£m)]
(+) (i)} _ - / < ()
{ Sm / m(1 _ /:Otm) 5m—|—m ,0 and [307 Sm }

[Kimura, Pestun 20161
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Contribution of Nekrasov Subfunction can be written as correlation function
<

;f\jzﬂai\ H Toso; = <0 H S.. H Sz |0

<
0>/<0
1<i<j<N rC€Xaq,. .ayn reXp,. .0

~.

Chern characters in moduli space of instanton

> [Kimura, Pestun 20161

Screening currents:

Sy =:exp | sologx + 50 + Z stHg=m 4 g(=)gpm

meE”ZL*
Free Field modes
[£m)]
(+) (i)}:: ¢ / S 0]
R B e L

Cartan matrix not inert under non-perturbative symwmetries, thus non-trivial action on quiver algebra
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Leaves partition function invariant

N
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Shift of mass parameter
~(1) ~(1 ~(1 ~(1) ~(1 ~(1
(ag),ag). agv)l,p,S )—>(ag),ag). ag\,)l,p,p—S,T—2NS—|—Np)

Leaves partition function invariant
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Algebra deformation
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Summary and Conclusions

Studied dvalities in a class of Little String Orbifolds:

*  partition function Z 5, compute as topological string partition function on X s

*  weak coupling regions give rise to different (but equivalent) expansions of Zx s that can
be interpreted as instanton partition functions, dualities:

N NN’ NM = N'M’
UMY = [UM)]™ for sed(N, M) = ged (N, M)

*  non-perturbative symmetries from geometric transformations of X ,,

*  non-trivial action on quiver algebra

Future directions:

*  extension to more general quiver and gauge groups

* generalisation beyond free energy and partition function

*  extension o further (phenomenologically realistic) theories



