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FROM 4d SUPERCONFORMAL INDICES
TO 3d PARTITION FUNCTIONS

F. A. H. DOLAN, V. P. SPIRIDONOV, AND G. S. VARTANOV

ABSTRACT. An exact formula for partition functions in 3d field theories was
recently suggested by Jafferis, and Hama, Hosomichi, and Lee. These func-
tions are expressed in terms of specific g-hypergeometric integrals whose key
building block is the double sine function (or the hyperbolic gamma function).
Elliptic hypergeometric integrals, discovered by the second author, define 4d
superconformal indices. Using their reduction to the hyperbolic level, we de-
scribe a general scheme of reducing 4d superconformal indices to 3d partition
functions. As an example, we consider explicitly the duality pattern for 3d
N =2 SYM and CS theories with SP(2N) gauge group with adjoint matter.

Introduction

Superconformal indices (SCIs) of supersymmetric Yang Mills field theories in
four dimensions [I] may be most conveniently expressed in terms of elliptic hyper-
geometric integrals, discovered in [2]. This fact was observed and utilised, in the
context of Seiberg duality, first in [3] and discussed in detail in [4} [5] (see also [6,[7]).
SCIs provide perhaps currently the most rigorous mathematical test of 4d super-
symmetric dualities whereby indices for theories with quite different matter content
may be shown to coincide due to non-trivial identities for elliptic hypergeometric
integrals. Moreover, they give a powerful tool for searching for new dualities by
utilising transformation formulae for elliptic hypergeometric integrals, as was first
shown in [4].

SCIs of 3d field theories have an essentially more involved form (due to monopole
contributions, that do not analogously arise for 4d theories) — see [8 [9, 10, 1T
[I2] and references therein. In [I2] an attempt was made to find a connection
between 4d and 3d SCIs, but no simple relation was found. In the present work
we concentrate on the partition functions of 3d theories [13| 14, 15l 17, 16 18, 19,
20, 2T]. More precisely, we demonstrate that these partition functions as well as
duality relations among different theories can be obtained by a reduction of 4d SCIs
and corresponding duality relations.

The study of 3d partition functions using the localization techniue was initi-
ated by Kapustin, Willett, and Yaakov [14]. In the work of Jafferis [I7] and Hama,
Hosomichi, and Lee [I§] a general recipe for building 3d partition functions was sug-
gested. It was found that these functions are expressed in terms of g-hypergeometric
integrals admitting the |¢| = 1 regime [22] 23] (which are referred also as the hyper-
bolic ¢-hypergeometric integrals) and having equal quasiperiods w; = wy. In [19]
this result was generalized to arbitrary values of the quasiperiods wy, wo.

Technically, the observation that we make here (that there is an explicit connec-
tion between SCIs of 4d supersymmetric field theories and the partition functions
of 3d theories, that allows also for a recipe for finding possible duals) is realized by
the reduction of elliptic hypergeometric integrals [2] to hyperbolic ¢-hypergeometric
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integrals, which was rigorously established by Rains in [24]. A detailed consider-
ation of such limiting cases was given by van de Bult [25] (see also [26]). This
suggests perhaps that the SCIs of 4d theories are more fundamental objects than
the partition functions of 3d theories in that the properties of the latter are inher-
ited from elliptic hypergeometric integrals, which, as functions, are more general,
nevertheless having a simpler form. While the connection between 4d and 3d du-
alities for supersymmetric field theories was explored in [27] and studied further in
the context of the three-dimensional analog of Seiberg duality in [28] [29], here the
connection between 4d SCIs and 3d partition functions gives a different perspective
with strong predictive power.

In the following, we illustrate how a reduction in 4d SCIs lead to formulae equiv-
alent to 3d partition functions by considering particular examples. The same re-
duction may be applied essentially to other 4d SCIs and expressions for 3d parti-
tion functions recovered so that these examples suffice to show the general proce-
dure. Since 4d SCIs for dual theories are obtained from transformation formulae
for these elliptic hypergeometric integrals, the same reduction applied to these in-
tegrals yields corresponding 3d partition functions for dual theories, from which
matter content and their representations may be read off. While this procedure is
applied to a few examples here, obviously if more examples were considered, due
to the profusion of transformation formulae available for elliptic hypergeometric
integrals, a whole plethora of new dualities for 3d theories would potentially be
implied.

Reduction from 4d superconformal indices to 3d partition functions

Let us take an SP(2N) gauge group four-dimensional N' = 1 SQCD obeying the
multiple duality phenomenon which was described in [4]. The electric theory has
the overall symmetry group

G = SP(2N)x SU(8) x U(1)g.

This has one chiral scalar multiplet @) belonging to the fundamental representation
f of SP(2N) gauge group, a vector multiplet V' in the adjoint representation of
the gauge group, and an antisymmetric SP(2N)-tensor field X, as described in the
table below.

SP2N) [ SU®) [ U(1) [UM)r
Ql f ==
X Ty 1 1 0

For N =1, the field X is absent and the group U(1) is completely decoupled.
The electric index is given by the following elliptic hypergeometric integral,
namely,

0) (4 0% - L((pg)*z 2 \sprg
Iy = (P; D)oo (45.9) T'((pg)*;p, @)~ 1/ ((pg)°z" 2 )
T

N ES e
2T Nocichen L& ZP)

NI Ty 2L ’
% 1:[1 Hi—lI;E((pq) Yiz; Lpq) d j 1)

27p,q) 2miz;’

where r = 1/4 — (N — 1)s/4, rx = s, and s is an arbitrary chemical potential
associated with the group U(1). The parameters satisfy the constraints |¢], |¢;| < 1,
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where t = (pg)® and t; = (pq)"y;,7 = 1,...,8, and the balancing condition,
8
AT = o)
j=1

Here T'(z; p, q) is the elliptic gamma function, defined as,

s L
1_Z—lpz+1q_]+l
Pzpa) = [[ —4——=5— Iphld <1,
1.j=0 P

and T'(a,b;p, q) = T(a;p, QT (b;p,q), T(az*;p, q) = T(az;p, )T (az"";p, ), as per
usual conventions. Function () is a two-parameter generalization of the elliptic
Selberg integral suggested in [30] and a multidimensional extension of the elliptic
analogue of the Gauss hypergeometric function of [2] B1].

The multiple dual theories of [4] are constructed by means of W (E7)-symmetry
transformations for the integral,

N N
PiP)oo( @)
It tsitp,g) =[] F(tjtk;p,q,t)( )oo(4:)

1<5<k<8 2V NI
™ ioken V2 ) oy T(z5pg) 2wz
where the nine variables ¢,%1,...,ts € C satisfy the inequalities |¢], |[t;| < 1. Here,
o0
T(zipgt) = [[ (1—2t/pfg)(1 — 21T ph g,
.k, 1=0

is the elliptic gamma function of the second order satisfying the key t-difference
equation,

[(tzp g,t) = T'(zp, 0T (zp,¢,0).
The relevant generating transformation, which was established by the second author
(for N =1) in [3I] and by Rains (for arbitrary N) in [32], is given by,

I(tlu'-'ut8;tap7Q) = I(Slu"'788;t7p7q)7 (3)
where the variables are related by
85 = p_ltja .7 = 17273747 8j = pt_]a .7 = 57677787 (4)

_ [tatatsty | pgt'T
P= patt=n | tstetrts

Fixing the variables as in [24],

t = eQTriv‘r t = 627TiUMi i=1 8 p= eQTri'le _ e27ri'uw2
- b 1 T ) - R ) - ) )
with the restriction,
8
2(N - 1)+ Zui = 2(w; + wa), (5)
=1

playing the role of the balancing condition, we first consider the limit v — 0.
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Using the notation of [26], the limiting integral [24] reduces the electric super-
conformal index to the form,

Ipftueed (g oo g, Ty W, we) = 2N1N'7( ) (75w, we) N1 (6)
" /i°° YO (1 £ u; & up; wi, wo) H T2, 7@ (i £ uj; w1, wo) ﬁ du;
00 1 <iche N Y@ (Fu; + ug;wi, wa) 72 (£2u 5 w1, wa) et Vwiws’
where, _
V@) (w01, wp) = e~ B2 2 (w1 w2)/2 ((6:2”::/‘:(1;;(;1) ;o 7 )
with,
g = e/ G = e 2miwa/wr
and for Bj o(u; w1, ws) denoting the second order Bernoulli polynomial,
2
B2,2(U;w17w2)=w?w2 —wﬁl—wﬁ+6—m+6—m+%. (8)
Here the conventions, v (a,b;wi,ws) = v (a;wi,w2) v (b;wi,ws), Y (a +

u;wi,wo) = 7 (a 4 u;wr, w2)y? (@ — uswi,ws), are used.

The same limiting result can be obtained after considering the modified elliptic
hypergeometric integrals constructed from the modified elliptic gamma function
G(u; w1, wsz,ws), [31], after taking the limit w3 — oo, see a detailed consideration
of some examples in [23] 26]. In Appendix A of [26] different forms of the function
7 (u) baring different names are listed. In particular, 1/4(?)(u) is known as the
double sine function. In [24][25] the hyperbolic gamma function I'j,(u) is used which
is obtained after replacing the quasiperiods wi,ws by iw, iws in 73 (u).

In the limit discussed, transformation formula (3] leads to the following relation
[24], namely,

1

Ig‘educed(ﬂlu ceey M8, T W, Wg) 2NN"7( )(T7 wl7w2)N71 (9)
N-1
X YO GT + i + pr; wi, wa) H YD G 4 i + e wr, wa)
J=0 1<i<k<4 5<i<k<8
><\/qoo H 7(2)(7-:|:u1:|:uk,w1,wz HH I/l:I:uJ,wth ﬂ
100 1 <ickaN 73 (Fu; + up;wi, w2) e ¥ j:2u],w1,w2 e Vo’
where

VJ:€+,ujaj:152734 V':_€+,ujaj:55677587

8
26 = (w1 +wa) — —1T—ZM1 —(w1 +wa) + (N—l)T-i-ZMi-
Applying the further limit,
Jim T, pe, €1+ @S, & — S5 wr, wa) (10)

% e~ TN ((&2—aS-w)’~(&1+aS-w)?) /wiws

where max{arg(w; ), arg(w2)} — 7 < arg(a) < min{arg(ws), arg(wz)} and w = (w1 +
w2)/2, to (@), carried out essentially in [25], leads to an expression coinciding exactly
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with the partition function for 3d A/ = 2 SYM theory with SP(2N) gauge group,
six quarks and one chiral field in absolutely antisymmetric representation of a gauge
group, namely,

sa 1 (2)(T;w1,w2)N*1 /100 YO (T £ uy + up;wr, wo)

E = onnr ! ' 2 , .
2N NI o0 | <icheN Y@ (£u; £ ug; wi,w2)

y H Hl LY (i £ ujswi, wo) H du; (11)
7 (£2u 5 w1, w2) \/m

Initially the partltlon function for 3d N' = 2 SYM theories was calculated in
[1I'7, 18] albeit in a particular limit that can be obtained from our results in two
ways w1 — wso or wiwe — 1. Later in [I9] the most general partition function with
unrestricted wy and wy was obtained and in [21I] the authors established an explicit
relation between particular hyperbolic ¢-hypergeometric integrals and particular
partition functions for 3d A/ = 2 SYM theories.

In [25], transformations of the integral in (II]) forming the group W (Dg) were
deduced as a limit from ([@). They lead to the representation,

1
28 = 5o @mene) ] TT v @0+ +mswnes)  (12)
’ j=0 1<i<k<4

6
X H YOG + ps + pe, 4w — Zui — (2N —j — 2)T; w1, w2)
j i=1
" /ioo 7(2)(T:l:u1:|:uk,w1,w2 H Hl 17 ) (v + uj;wi,wo) ﬂ
00 1 k<N Y@ (£u; £ ug;wi, wa) ey Y@ (£2u 5 wr,w2) e Vwiws’

where also the reflection identity,
Y (u, 20 — uywi, ws) = 1,
has been applied, and the transformed variables are given by,

VJ:§+/'Lj7 j:17273747 V]:_§+ujuj:5u67
4
26 = (w1 +w2) — (N — 1)7’—2;@-.
i=1
Interpreting these integrals in terms of field theory, the global symmetry group

for the electric theory is SU(6) x U(1) x U(1)4 x U(1)g, and the field content of
the electric theory may be tabulated as,

SPRN)[SU®) ] UML) [UMA | U0)x
Ql ¥ I :
X TA 1 1 0 0

which can be directly read from the expression for the partition function (IIJ). The
denominator terms in the integral kernel represent the vector superfield contribution
while in the numerator we see the contribution coming from the chiral superfield X
in the antisymmetric representation of the group SP(2N) (given by the terms in
the first product and the multiplier in front of the integral), and the contribution
of quarks in the fundamental representation is given by the terms in the second
product in the kernel. The parameters 7 and u;,i = 1,...,6, are written after
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absorbing the charges for abelian global groups ZZ 1 TiTi, where z;, ¢ = 1,2,3,
correspond to chemical potentials of the abelian global groups U(1),U(1)4, and
U(1)r and r; their charges. Here x5 = (w1 + w2)/2 corresponds to the group
U(1)r.

For the magnetic theory, the global symmetry group in the UV is SU(4) x SU(2) x
U(1) x U(1)4 x U(1)R, while the matter content may be similarly tabulated as,

SP(2N) | SUM4) | SU2) |U1Q)p | U1) |UML)a |UQ)r
a | f R
o | f Lolof 2 | R
x Ty 1 1 0 1 0 0
M, 1 Ta 1 0 |2 2 1
M, 1 1 Ta 0 |2 2 1
Y; 1 1 1 0 |2 6 1
where j = 0,..., N — 1. By applying the above mentioned transformation formulae

we expect the appearance of dim W(Dg)/Se = 32 different dual theories.

3d N =2 SYM theory with SP(2N) gauge group, 6f and T4

As another example, here we discuss a 4d s-confining multiple duality case con-
sidered in terms of indices in [4]. The flavor symmetry group is F' = SU(6) x U(1)
and the field content of both theories is presented as follows,

SP(2N) | SU(6) U() Ul)r

Q f f N -1 2r =%
A Ta 1 -3 0
AF 1 —3k 0
QA™Q Ta |2(N—1)—3m 2

where k=2,...,Nandm=0,...,N — 1.
The electric superconformal index is given by the elliptic Selberg integral sug-
gested by van Diejen and the second author in [30],

(P JORSCR N 1 D(tz; 1Z]:€t1’p7 q)
- 2VNL 1<zl<_£<zv Z B b Q)

N
7p7 H
71'1,2]

j=1

Lt

T

7p7

and the magnetic index is,

IM—HI‘t7,p, H II TW 'tmtsp o), (14)

7=11<m<s<6

where the balancing condition reads t2V—2 anzl tm = pq.

Integral (I3]) can be reduced to the hyperbolic level in the same way as before
(see, e.g. [25]) and yields the partition function of an electric 3d NV = 2 SYM
theory, with SP(2N) gauge group, four quarks and one chiral field in antisymmetric
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representation of a gauge group, given by the following formula,

/ 7(2)(T:|:zi:|:zk;w1,w2)
Y2 (£2; £ 255 w1, w2)

3d __
E = 5NNt

@) (Ta wi, w2
ico 1<'L<k<N

Hfl/y Mz:l:ZJ,W1,W2 dZ]
15
) H Y3 (2253 w1, w2) H L Vwiws (15)

Evidently, Z %d for this case can be evaluated exactly, yielding,

N 2)((i .
Z?j _ — Hj:z ’7( )((] 'il‘l)T,W1;W2) H ’7(2)(j7-+,uzi+,uzk;w1,w2),
Hj:o 7(2)((2]\7 —2— )T+ Zizl i3 W1, W2) 1<i<k<4
(16)
or, using the reflection identity for v (u;wy,ws), equivalently expressed by,
N 4
i =[] Urwnwe) [T P @i +ws = 2N = 2= 5)r =Y pswn, wo)
j= = i=1
N-1
x [T II 2207+ i+ s wr, w2). (17)

7=0 1<i<k<4

The equality Z3 = Z3¢ was rigorously established for the first time by a different
method in [23], which result was used as a motivation for a systematic consideration
of the reduction procedure in [24].

The dual theories obtained from the equality of the partition functions both have
the global symmetry group SU(4) x U(1) x U(1)a x U(1)g. The spectrum of the
electric theory may be tabulated as follows,

SP(2N) | SUM4) UML) |UMa | UD)r
Q f f 0 1 3
X TA 1 1 0 0
while that for the magnetic theory may be similarly tabulated as,
| sU@) u() U)a | U(Wr
W =X0| T J > |2
N = X* 1 k 0 0
Y; 1 ~(2N —-2—34)| -4 2

where k=2,...,N and j=0,...,N — 1.

Further dualities

Further dualities are implied by subsequent reduction of the partition func-
tions implemented by taking similar limits as in (I0]) and, in contrast to the four-
dimensional case where similar reduction of SCIs corresponds to theories with fewer
flavors, here such reduction corresponds to theories that, whilst also having fewer
flavors than originally, have increased CS level. The technical details of the reduc-
tion of corresponding integrals are skipped here and only the final results for implied
particular dualities, without detailed description of all dual pairs, are indicated.

Taking a similar limit as in (I0) in (I5) with (I7) leads to further identities for
partition functions implying further dualities. One such identity describes a 3d
N =2 CS theory with gauge group SP(2N); /o and SU(4 — k) x U(1) x U(1)a x
U(1)r global symmetry group with the spectrum involving, apart from the vector
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multiplet, 4 — k quarks @;,? = 1,...,4 — k, and one chiral superfield X in the
antisymmetric representation of the gauge group. This is a confining theory where
the spectrum of the dual theory can be directly read from the expressions of the
corresponding partition functions, following from the properties of the integrals
presented in Sect. 5.6.3 of [25], summarised by singlets of the SU(4 — k) flavor
group Y; = X1 5 = 1,...,N — 1, and baryons M; = X7Q?j = 1,...,N,
described by the chiral superfield in the antisymmetric representation of SU (4 — k)
(for k = 3,4 we do not have such fields).

A particular example from the above duality happens when N =1 and k = 3
which gives a ' = 2 CS theory with SP(2)3/, gauge group and one quark. In the
dual theory we have only contribution coming from additional topological sector as
suggested in [20] (where actually one has also some matter field on the magnetic
side since the authors consider different electric theory), reflected by the magnetic
partition function involving only an exponent with some phase.

Continuing the reduction of (&) with (I7) in a similar fashion, another limit
can be identitifed with the confining phase description of 3d N' = 2 SYM theory
with U(N) gauge group, SU(Ny) x SU(Ny) x U(1)g x U(1) x U(1)a x U(1)g,
N; = 1,2, global symmetry group with three flavors Qj,@j, j=1,...,N¢, and
one chiral superfield X in the adjoint representation of the gauge group. (The
exact evaluation of the corresponding partition functions follows from Theorems
5.6.7 and 5.6.8 in [25].) The dual theory contains singlets of SU(Ny) x SU(Ny),

Y, =X/t j=1,...,N—-1,W;,j=0,...,N — 1, and mesons M; = X/QQ, j =
0,...,N —1. (From the same theorems, dualities for CS theories with U(N)y /2
gauge group and one chiral field in the adjoint representation and some number of
flavors are implied.)

A whole set of dualities are indicated by appropriate reduction of the partition
functions of N = 2 SYM theory with SP(2N) gauge group, six flavors and one
antisymmetric representation matter field, (IIl) with (I2)). These reductions corre-
spond to the relation between integrals described in Fig. 5.8 of [25]. Corresponding
models represent both SYM and CS theories with different numbers of flavors and
different CS level (specifically, the lines going to the left in Fig. 5.8 of [25] corre-
spond in field theory language to integrating out matter fields, reducing the number
of flavors by 1 and increasing the CS-level by 1/2 each time, and the lines going to
the right correspond to a passage to U(N) SYM or CS field theories with adjoint
matter (see [33] for similar dualities involving two adjoint matter fields).

For example, one particular reduction of ([I]) with (I2]) leads to partition func-
tions for N” = 2 CS theory with SP(2N),,2 gauge group, with global symmetry
group SU(5) x U(1) x U(1)4 x U(1)g (the spectrum consists of 5 quarks Q;,i =
1,...,5, and one chiral antisymmetric field X') which is self-dual and obeys multiple
dualities arising from a W (A5) symmetry of the corresponding partition function.
Application of the transformation formula leads to the partition function for N' = 2
CS theory with global symmetry group SU(4) x U(1)y x U(1) x U(1)a x U(1)g,
different to the original one, with four quarks @;, ¢ = 1,...,4, in the fundamental
representation of SU(4) and one separate quark Qs (in a sense, this corresponds to
the split of the original SU(5) group to SU(4) x U (1)), and singlet fields of the gauge
group M; = X7Q? j=0,...,N — 1, lying in the antisymmetric representation of
the flavor group SU(4).
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A series of dualities are implied by the reduction of partition functions of N' = 2
SYM or CS theories with SP(2N) gauge group, Ny flavors and different CS level
using the results of Sect. 5.5 of [25]. These are the generalizations of the Giveon-
Kutasov [34] type of dualities for SP(2N) theories, see, e.g., [2I] for a duality for
SP(2N)/2 CS theory with Ny flavors.

Conclusion

This paper demonstrates that there is a deep relation between superconformal in-
dices for four-dimensional field theories and partition functions of three-dimensional
supersymmetric field theories stemming from the reduction of elliptic hypergeo-
metric integrals to hyperbolic g-hypergeometric integrals. It may be interesting to
understand from a field theory perspective how the various limits considered here
could possibly be realised. (It is perhaps worth mentioning that certain much sim-
pler limits in elliptic hypergeometric integrals considered in [4} [5] had a field theory
interpretation as corresponding to the flavour changing test for Seiberg duality.
Furthermore, at least in free field theory, 4d SCIs themselves may be obtained as
limits in 4d partition functions, discussed for N/ = 1 superconformal symmetry in
[B].) Every 4d duality out of the large list described in [4] 5], and also the more
standard ones considered in [3], after the appropriate reduction, may be expected
to yield a three-dimensional analogue of Seiberg duality similar to [27, 28] 29]. To
understand all the dualities appearing in 3d field theories one should investigate the
degeneration of elliptic hypergeometric integrals to g-hypergeometric ones using the
procedure developed by Rains [24]. The case described in [20] should correspond
to the reduction of 4d N' =1 SYM theory with SP(2) gauge group, 2N; quarks
and one chiral superfield in the adjoint representation, for example.

From this point of view the Z-extremization for 3d theories [I7] may not be
so unexpected, since the a-maximization of [35] is related to certain automorphic
properties of elliptic hypergeometric integrals describing 4d SCIs [36]. We hazard
a guess that the reduction to hyperbolic ¢-hypergeometric integrals preserves some
of the needed automorphic properties leading exactly to Z-extremization.

A recent intriguing conjecture made in [I6] concerns a connection of the partition
function for 3d N/ = 4 SYM theory with SU(2) gauge group with a kernel of the
2d Liouville field theory connecting conformal blocks in different channels [37] (see
also [38]). This observation deserves further detailed investigation since from our
perspective these kernels can be obtained by an appropriate reduction of the elliptic
hypergeometric integrals pushing the 4d/3d correspondences of the present work
down to a new 4d/2d correspondence.

Acknowledgments. The authors are indebted to I. Bandos, Z. Komargodski, I.
Melnikov, and S. Theisen for stimulating discussions. G.V. would like to thank H.
Nicolai for general support. F.D. and V.S. thank the Albert-Einstein-Institut in
Golm for its warm hospitality during their visits at different times. F.D. and G.V.
would like to thank the organizers of the “Simons Workshop on Mathematics and
Physics 2010” at Stony Brook for providing a fruitful atmosphere. This work was
partially supported by RFBR, (grant no. 09-01-00271) and the Heisenberg-Landau
program.



10

[1]

2]

B

[9

(10]
(11]
(12]
(13]

(14]

(15]
[16]
(17]
(18]
(19]

[20]
(21]

[22]
(23]

[24]
25]

F. A. H. DOLAN, V. P. SPIRIDONOV, AND G. S. VARTANOV

REFERENCES

J. Kinney, J. M. Maldacena, S. Minwalla and S. Raju, An index for 4 dimensional super
conformal theories, Commun. Math. Phys. 275 (2007), 209-254; C. Romelsberger, Count-
ing chiral primaries in N = 1, d = 4 superconformal field theories, Nucl. Phys. B 747
(2006), 329-353; Calculating the superconformal index and Seiberg duality, larXiv:0707.3702
[hep-th].

V. P. Spiridonov, On the elliptic beta function, Russian Math. Surveys 56 (1) (2001), 185—
186; Elliptic hypergeometric functions, Habilitation Thesis (Dubna, 2004), 218 pp.; Essays
on the theory of elliptic hypergeometric functions, Russian Math. Surveys 63 (3) (2008),
405-472.

F. A. Dolan and H. Osborn, Applications of the superconformal index for protected operators
and g-hypergeometric identities to N' =1 dual theories, Nucl. Phys. B 818 (2009), 137-178;
V. P. Spiridonov and G. S. Vartanov, Superconformal indices for N' = 1 theories with multiple
duals, Nucl. Phys. B824 (2010), 192-216;

V. P. Spiridonov and G. S. Vartanov, Elliptic hypergeometry of supersymmetric dualities,
Comm. Math. Phys., to appear, [arXiv:0910.5944! [hep-thl; Supersymmetric dualities be-
yond the conformal window, Phys. Rev. Lett. 105 (2010), 061603; Superconformal indices of
N =4 SYM field theories, larXiv:1005.4196] [hep-th].

A. Gadde, E. Pomoni, L. Rastelli and S. S. Razamat, S-Duality and 2d topological QFT, J.
High Energy Phys. 03 (2010), 032; A. Gadde, L. Rastelli, S. S. Razamat and W. Yan, The
superconformal index of the Es SCFT, J. High Energy Phys. 1008 (2010), 107.

G. S. Vartanov, On the ISS model of dynamical SUSY breaking, Phys. Lett. B 696 (2011),
288-290.

J. Bhattacharya, S. Bhattacharyya, S. Minwalla and S. Raju, Indices for superconformal field
theories in 3,5 and 6 dimensions, J. High Energy Phys. 0802 (2008), 064.

S. Kim, The complete superconformal index for N' =6 Chern—Simons theory, Nucl. Phys. B
821 (2009), 241-284.

Y. Imamura and S. Yokoyama, Index for three dimensional superconformal field theories with
general R-charge assignments,larXiv:1101.0557! [hep-th].

D. Bashkirov and A. Kapustin, New and old N' = 8 superconformal field theories in three
dimensions, larXiv:1103.3548! [hep-th].

C. Krattenthaler, V. P. Spiridonov and G. S. Vartanov, Superconformal indices of three-
dimensional theories related by mirror symmetry, larXiv:1103.4075! [hep-th].

F. A. Dolan, On superconformal characters and partition functions in three dimensions, J.
Math. Phys. 51 (2010), 022301.

A. Kapustin, B. Willett and 1. Yaakov, Ezact results for Wilson loops in superconformal
Chern—Simons theories with matter, J. High Energy Phys. 1003 (2010), 089; Nonperturbative
tests of three-dimensional dualities, J. High Energy Phys. 1010 (2010), 013; Tests of Seiberg-
like duality in three dimensions, arXiv:1012.4021] [hep-th].

N. Drukker, M. Marino and P. Putrov, From weak to strong coupling in ABJM theory,
arXiv:1007.3837 [hep-th].

K. Hosomichi, S. Lee and J. Park, AGT on the S-duality Wall, J. High Energy Phys. 1012
(2010) 079.

D. L. Jafferis, The exact superconformal R-symmetry extremizes Z, larXiv:1012.3210
[hep-th].

N. Hama, K. Hosomichi and S. Lee, Notes on SUSY gauge theories on three-sphere, J. High
Energy Phys. 1103 (2011) 127.

N. Hama, K. Hosomichi and S. Lee, SUSY gauge theories on squashed three-spheres,
arXiv:1102.4716! [hep-th].

D. Jafferis and X. Yin, A Duality Appetizer, arXiv:1103.5700/ [hep-th].

B. Willett and I. Yaakov, N' = 2 Dualities and Z FExtremization in Three Dimensions,
arXiv:1104.0487 [hep-th].

J. V. Stokman, Hyperbolic beta integrals, Adv. in Math. 190 (2004), 119-160.

J. F. van Diejen and V. P. Spiridonov, Unit circle elliptic beta integrals, Ramanujan J. 10
(2005), 187-204.

E. M. Rains, Limits of elliptic hypergeometric integrals, Ramanujan J. 18 (3) (2009), 257-306.
F. J. van de Bult, Hyperbolic beta integrals, Ph. D. thesis, University of Amsterdam, 2007.


http://arxiv.org/abs/0707.3702
http://arxiv.org/abs/0910.5944
http://arxiv.org/abs/1005.4196
http://arxiv.org/abs/1101.0557
http://arxiv.org/abs/1103.3548
http://arxiv.org/abs/1103.4075
http://arxiv.org/abs/1012.4021
http://arxiv.org/abs/1007.3837
http://arxiv.org/abs/1012.3210
http://arxiv.org/abs/1102.4716
http://arxiv.org/abs/1103.5700
http://arxiv.org/abs/1104.0487

4d/3d SUPERCONFORMAL INDICES/PARTITION FUNCTIONS 11

[26] V. P. Spiridonov, Elliptic beta integrals and solvable models of statistical mechanics,
arXiv:1011.3798 [hep-th].

[27] O. Aharony, A. Hanany, K. A. Intriligator, N. Seiberg and M. J. Strassler, Aspects of N' = 2
supersymmetric gauge theories in three dimensions, Nucl. Phys. B 499 (1997), 67-99.

[28] A. Karch, Seiberg duality in three dimensions, Phys. Lett. B 405 (1997), 79-84.

[29] O. Aharony, IR duality ind = 3 N' = 2 supersymmetric USp(2N.) and U(N.) gauge theories,
Phys. Lett. B 404 (1997), 71-76.

[30] J. F. van Diejen and V. P. Spiridonov, Elliptic Selberg integrals, Internat. Math. Res. Notices,
no. 20 (2001), 1083-1110.

[31] V. P. Spiridonov, Theta hypergeometric integrals, Algebra i Analiz 15 (6) (2003), 161-215
(St. Petersburg Math. J. 15 (6) (2004), 929-967).

[32] E. M. Rains, Transformations of elliptic hypergeometric integrals, Ann. of Math. 171 (2010),
169-243.

[33] V. Niarchos, Seiberg Duality in Chern-Simons Theories with Fundamental and Adjoint Mat-
ter, J. High Energy Phys. 0811 (2008) 001.

[34] A. Giveon and D. Kutasov, Seiberg Duality in Chern-Simons Theory, Nucl. Phys. B 812
(2009) 1-11.

[35] K. A. Intriligator and B. Wecht, The ezact superconformal R-symmetry mazimizes a, Nucl.
Phys. B 667 (2003) 183-200.

[36] V. P. Spiridonov and G. S. Vartanov, in preparation.

[37] J. Teschner, On the relation between quantum Liouville theory and the quantized Teichmuller
spaces, Int. J. Mod. Phys. A 19S2 (2004) 459-477; From Liouville theory to the quantum
geometry of Riemann surfaces, arXiv:hep-th/0308031.

[38] B. Ponsot and J. Teschner, Boundary Liouville field theory: Boundary three point function,
Nucl. Phys. B 622 (2002) 309-327.

DAMTP, WILBERFORCE RD., CAMBRIDGE CB3 OWA, ENGLAND, UK

BoGoLiuBovV LABORATORY OF THEORETICAL PHYsIcS, JINR, DuBNA, Moscow REGION 141980,
Russia

MAX-PLANCK-INSTITUT FUR GRAVITATIONSPHYSIK, ALBERT-EINSTEIN-INSTITUT 14476 GoOLM,
GERMANY; E-MAIL ADDRESS: VARTANOV@AEI.MPG.DE


http://arxiv.org/abs/1011.3798
http://arxiv.org/abs/hep-th/0308031

	References

