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1 Introduction and summary

The supersymmetric indices of 3d supersymmetric field theories encode the protected spectra
of BPS local operators [1-6]. They can be viewed as supersymmetric partition functions on
S1 x S2 from the UV descriptions. One can decorate them as correlation functions of line
operators by introducing BPS line operators wrapping the S! and localized on the S? [7],
which we call the line defect indices. The line defect indices can be made topological in that
they do not depend on locations of the BPS line operators in certain delicate setups with
enhanced supersymmetry. They can also encode the spectra of BPS local operators living
at junctions of line operators. The spectra of the theories in the presence of line operators
is particularly attractive in the study of dualities of field theories with line operators and
the spectra of quantum fluctuations on the gravity dual geometries. The derivation of the
exact closed-form expressions of line defect indices is highly desirable.



In this paper we study the line defect indices of the 3d N/ =4 U(N) ADHM theory,
i.e. 3d N = 4 gauge theory of gauge group U(N) with an adjoint hypermultiplet and I
fundamental hypermultiplets [8, 9]. The theory describes the low-energy dynamics of a stack
of N M2-branes probing C? x (C?/Z;) and it is holographically dual to the M-theory geometry
AdSy x S7/7; [10, 11]. The BPS line operators can preserve one-dimensional superconformal
symmetry group whose bosonic subgroup is SL(2,R). The detailed information about the
spectra of the theory is expected to reveal quantum fluctuations on the gravity dual M-theory
geometry with the AdSs factor (see e.g. [12-24] for the study of the gravity duals of Wilson
lines in the M2-brane SCFTs). Extended N > 4 supersymmetry admits two half-BPS limits
of supersymmetric indices, the Coulomb limit and the Higgs limit [25] in which the indices
become the Hilbert series enumerating the Coulomb branch operators and Higgs branch
operators. Our overarching goal in this paper is to derive exact closed-form expressions
and algebraic relations of the Wilson line defect indices of the 3d N' = 4 U(N) ADHM
theory in the Coulomb and Higgs limits.

We investigate the closed-form expressions for the line defect indices in the Coulomb/Higgs
limit through various approaches. The first method is the Hall-Littlewood expansion [26-30]
which is applicable for any representations in both limits. In this method we reduce the
integration over the gauge holonomies to discrete infinite summations by expanding the
integrand with respect to the Hall-Littlewood functions. In many examples we consider in this
paper, the infinite summations can be performed explicitly and hence gives the closed-form
expressions for the line defect indices.

It is also convenient to consider the generating function for the line defect indices with
respect to the representations, which enables us to study the closed-form expressions more
directly through the following methods. In the Coulomb limit, we can reformulate the
holonomy integrations into the canonical partition function of a one-dimensional quantum
mechanics of ideal Fermi gas on a circle with a common one-particle density matrix for all
topological charges [31] (see also [32—41]). In this way the generating function is expressed
as a finite sum of the partition functions of Fermi-gas with different particle numbers, each
of which can be calculated in a closed-form.

In the Higgs limit, the generating function can be evaluated by applying the Jeffery-
Kirwan (JK) residue prescription [42], which again results into a finite sums over the poles.
We also discover a purely combinatorial formula to classify the poles and evaluate the residues
which is a slight generalization of the Nekrasov formula for the instanton partition function of
5d /=1 Yang-Mills theories [43-45]. This enables us to obtain the closed-form expressions
for higher ranks N and flavors [ which are practically hard in the Hall-Littlewood expansion.
Moreover, when the number of flavors is [ = 1, by making use of the (refined) topological vertex
formalism [46-50] for the instanton partition function, we can further obtain the generating
function for line defect indices both with respect to the representations and the ranks V.

1.1 Main results

We present exact closed-form expressions of the flavored Wilson line defect indices for the
ADHM theory in the main text while we list those for the unflavored indices in appendix E.



On the other hand, here we summarize other remarkable features of the line defect indices
we find in this work. For the notations, see section 2.
1.1.1 Algebraic relations

The Wilson line defect indices turn out to satisfy algebraic relations. Here we list some
outstanding relations. In the Coulomb limit we find

<W(1k)W(lk)>U(N)ADHM_[l]( )( ) — IU(k) ADHM-[I](C) (Z; t)IU(N_k) ADHM-[Z](C’)(Z; f) (11>
On the other hand, in the Higgs limit we find
<W(1k)>U(N) ADHM-[l](H)( . ) — <W(1k >U(k) ADHM-[1](H) (1‘; t)IU(N_k) ADHM—[l](H)(x;t)’ (12)
<W(1N)>U(N) ADHM-[1](H) ({E ) _ ( f)NIU(N ) ADHM-[1 ](H)(x;t)

-1
Z nIU(n) ADHM- [1](H)( )<W(1N7n)>U(N—n) ADHM-[1](H) (1,; t)7

n=1
(1.3)
and
Z (_t)NH-Nz <W(1k17N1)Wm>U(N_N1_N2) ADHM-[1](H) (z:4)
N1,N2
0<N;j<min(ki,N—k2)
0<No<min(N—Fkj,k2)
Ni1+Na<N
w« TU(N1) ADHM-[1](H) (23 t)IU(NQ) ADHM-[1](H) (z:4)
= &y, kQIU(kl) ADHM-[l](H)(x; t)IU(N—kl) ADHM-[1](H) (3 1). (1.4)
Here we have set y; = 1 since the yj-dependences of the correlators are trivial as

(WAW5) V) ADEM-QIH) (g 41 ¢) = yf"\‘Jrlpl(WAWp)U(N) ADHM-[I(H) (- ). Note that the first
two relations (1.2) and (1.3) in the Higgs limit follows from the third relation (1.4).

These relations (1.1)—(1.4) assert that even though the Wilson lines transform in the
irreducible representations of gauge group, the associated line defect indices can be factorized
into some irreducible ones.

1.1.2 Large N limits

The exact closed-form expressions of the large N (connected) 2-point functions of the Wilson
lines in a pair of conjugate representations are particularly interesting as they are expected
to capture the quantum fluctuation modes on the gravity dual geometries.
For a fundamental representation one expects that the Wilson line is dual to an M2-brane
wrapping the AdSs in the global AdS, and the M-theory circle. We obtain
1—¢
(1-)(1—t2)(1—tzt)’

<W[1W >U(oo ) ADHM- [l](H)( ) — <WDWE>U(OO) ADHM-[I](H) (x’ Yo: f)
_ <WD>U(oo) ADHM-[I](H) (.CC, Yol f) (WE>U(OO) ADHM-[I](H) (:I?, Yo! f)

B 1
(I —tz)(1—tz—1)’

_\U(c0) ADHM-[I|(C) (. ¢\ —
<WDW[]> (Za t)

(1.5)

(1.6)




They encode a finite number of quantum fluctuation fields on the gravity dual geometry. In
particular, when | = 1, the theory is self-mirror and it is dual to the ABJM theory [51, 52].
Both of the gravity indices resulting from the Coulomb and Higgs limits enumerate two
bosonic excitations, which would correspond to the quantum fluctuations on the quantum
M2-brane wrapping the AdS,.

As the rank of representation of Wilson line increases, the degeneracy of states grows. In
particular, we find that the large N normalized 2-point function of the Wilson line in the
rank-k antisymmetric representation for the U(N) ADHM theory agrees with the Coulomb
index of the U(k) ADHM theory

<W(1k)WW>U(OO) ADHM-(I](C) (Z; f) — IU(k) ADHM-(I](C) (Z; f) (17)
The large N normalized 2-point function of the Wilson lines in the rank-k (anti)symmetric
representation in N’ = 8 U(N) SYM theory coincides with the Higgs index (or equivalently
Coulomb index) of the U(k) ADHM theory with one flavor
Wiy W =8 VI (6) = (Wi W)V =8 VI 2;)
_ IU(k’) ADHM-[1](H) (.Z‘; f) (18)

Also we find that the large N normalized 2-point function of the Wilson line in the rank-%
antisymmetric representation for the U(N) ADHM theory with one flavor is given by

<W(1k)W@>U(OO) ADHM-[1](H) (33; f)

k
— IU(k) ADHM-[1](H) (.CL‘; f) + Z(W(ll)>U(k:) ADHM-[1](H) (CC; t)<W(1l)>U(l) ADHM-[1](H) (SL‘; t),
=1

(1.9)
where we have set y; = 1. In the large representation limit, we find
<W(1OO)WW>U(OO) ADHM-[1](H) (.T; f)
— FU(0) ADHMC[UJ(H) (. 4y <1 I i (W(ll)>U(oo) ADHM-[1](H) (. t)2> ' (1.10)
=1

Besides, we find that the large representation limit of the large N normalized 2-point function
of the symmetric Wilson lines agrees with

<W(OO)W®>U(OO) ADHM—[l](H)(:L,; f)

_ IU(oo) ADHM-[1](H) (iL'; f) (1 + io: <W(l)>U(OO) ADHM-[1](H) (x; t)2> . (1'11)
=1

Since the large representation limits of the large N normalized 2-point functions contain
the large N Higgs or Coulomb indices, the spectra of quantum fluctuations around the
geometries dual to the Wilson lines in the large antisymmetric and symmetric representations
contain an infinite tower of excitations.



1.2

Structure

The structure of this paper is straightforward. In section 2 we introduce the Wilson line
defect indices of 3d N'=4 U(N) ADHM theory which decorate the supersymmetric indices.
In section 3 we study the Coulomb limit of the line defect indices by using the Hall-Littlewood

expansions and the Fermi-gas method. In section 4 we examine the Higgs limit of the line defect

indices by means of the Hall-Littlewood expansions, JK-residue sums and refined topological

vertex. The definitions and formulae of the g-factorial and g-analogs are summarized in

appendix A. The notation of the Young diagram is presented in appendix B. In appendix C

we give the details of derivation of the multi-point functions of the charged Wilson lines in the

Coulomb limit. The formalism of the refined topological vertex is summarized in appendix D.

The exact closed-form expressions in the unflavored limit are listed in appendix E.

1.3

Future works

The Wilson lines in the ADHM theories can be further explored by taking different
gauge groups and representations. One of the intriguing setups is the irreducible
representation labeled by the rectangular Young diagram, for which 4d N/ =4 U(N)
SYM theory has the gravity dual as the bubbling geometry in the large N and large
representation limit [53-62].

It would be intriguing to figure out physical interpretations and explanations of the
algebraic relations, in particular the factorizations (1.1) and (1.2), by engineering the
Wilson lines in the ADHM theory in the brane configurations.

While we focus on the Wilson line defect indices in this work, it would also be interesting
to examine the vortex line defect indices as they were examined for the M2-brane SCFTs
in [12, 63, 64]. As mirror symmetry exchanges the Wilson lines and the vortex lines [65—
68], it is tempting to extend webs of dualities of the M2-brane SCFTs in our previous
work [31].

The giant graviton expansions of supersymmetric indices have been recently examined
(see e.g. [69-75]). For the line defect indices of 4d /' =4 SYM theory they have been
recently studied in [76-80]. The exact closed-form expressions of line defect indices in
this paper should be crucial for the detailed analysis of the giant graviton expansions
of the line defect indices for the M2-brane SCFTs. We hope to report our results in
future work.

We propose a factor which gives a ratio between the generating function of the 2-point
Wilson line correlators in the antisymmetric representations and the corresponding
integral evaluated by the JK residue prescription for some cases of the ADHM theory
with [ flavors. The factor contains a part of so-called extra factor [81-84] which we
remove to obtain the Nekrasov partition function of a UV complete 5d SU(I) gauge
theory. It would be interesting to find an interpretation of the factor we find in terms
of the 5d gauge theory, as well as an interpretation of the 5d extra factor in terms of
the 3d theory.



2 ADHM line defect indices

2.1 Matrix integral

The 3d U(N) N =4 ADHM theory with [ flavors consists of N' =4 U(N) vector multiplet
coupled to a single hypermultiplet in the adjoint representation and [ hypermultiplets in the
fundamental representation. It is a low-energy effective description of IV coincident M2-branes
propagating in the C? x (C?/Z;). When [ = 1 the theory has enhanced N’ = 8 supersymmetry
and is equivalent to the U(N); x U(N)_; ABJM theory [11].

We study the ADHM line defect indices, correlation functions of Wilson line operators
which decorate the supersymmetric partition function of 3d N = 4 supersymmetric U(N)
ADHM theory with [ flavors on S! x S? with the insertion of BPS Wilson line operators
wrapped on the S! and localized on the S?. According to the supersymmetric localization,
they can be evaluated by an N-dimensional matrix integral [3, 4]

<WR1 W’Rg to WRk>U(N) ADHM-[] (t7 T Ya, %5 Q)

- = Z g i lmalg=t32; mil 137, mz?{H dsi k X, (3)

! 2mis; -
mEZN tj=1

1, Imi—my]| ) 3, Imy—my| )
N mi—mjl g\ <f12+ : Jf2Z;CI> N (q4+ 2 ]t_lziﬁ;q)
i 5S4 oo
XH(l_q 2 7) H < l+\mi—mj\ ) H
q2
oo

L s/ .~ 95 A 1y Imizmgl oo
i#j T g=1 7 tT i i,j=1 | ¢1 P t?;m iq
o

o0

3, 1m
gitz ! ija,CJ)

% f[ 11 (<q4+m ) = (2.1)

la=1

where we have used the convention (z%;¢)oo := (;¢)oo(2 ™' ¢)so- Here X%, (s) is a character
of the representation R; in which the j-th Wilson line transforms. While they are topological
in that they are independent of the locations of inserted points of the line operators on the S?,
they depend on the fugacities ¢, x, Y, 2z and ¢, which are coupled to the R-charges, the flavor
charge for the adjoint hypermultiplet, the flavor charges for the fundamental hypermultiplets,
the topological charge and the superconformal generators respectively.! The Wilson lines
Wpg; in the representation R; can consecutively collide at the north pole. When complex
conjugates WRfj labeled by the characters xr; (s71) collide, they can sit at the south pole.

Upon the conformal map from S' x S? to R3, the lines can form a junction in such
a way that each of them maps to a semi-infinite line originating from the origin in R3.
Accordingly, the line defect indices can count the BPS local operators sitting at the junction
of lines. The additional degrees of freedom due to the insertion of lines are obtained from
the normalized correlation function

(WrWry - - Wi, )V ADEMA (4 gy 21 )

 (Wr Wgy -+ Wr, )UWN) ADEM-U (¢ oy 20 q)
N TUN) ADENI(E, 2y, 2 q)

, (2.2)

'See [31, 85] for the convention.



where
IU(N) ADHM-[I] (t,.CE; Yous 2 q) — <1>U(N) ADHM-[{] (t,x;ya, 2 q) (23)
is the supersymmetric index.

2.2 Symmetric functions

An irreducible representation R of U(N) is labeled by a Young diagram A and its character
XRr(8) is given by the Schur function sy(s). For the rank-k antisymmetric representation,
the character is the elementary symmetric function of degree k

ex(s) = Z Siy Sig * "+ Si- (2.4)
1<ty << <ig
The generating function for the elementary symmetric function is
00 N
E(x;s) = Z er(s)zk = H(l + x8;). (2.5)
k=0

=1

For the rank-k£ symmetric representation, the character is the complete homogeneous sym-
metric function of degree k

hk(s) = Z Si1Sig *** Siy, - (26)

1<y <ig <<y,
The generating function for the complete homogeneous symmetric function is
A

H(x;s) = Z hi(s)ah = H
k=0

i=1

. 2.7
1—uxs; (2.7)

While the Schur functions form the basis of the algebra of symmetric functions, one can
alternatively use the power sum symmetric functions

puls) =Y st (2.8)

as the basis labeled by conjugacy classes of the symmetric group. We will call the Wilson line
operator labeled by the power sum symmetric function p,(s) of degree n the charged Wilson
line W,,. The correlators of the charged Wilson line operators can be simply obtained by setting
the characters to the associated power sum symmetric functions in the integrand of (2.1).

3 Coulomb line defect indices

In this section we consider the Wilson line defect correlator (2.1) in the Coulomb limit

q,t = 0 with t = qit_1 fixed. (3.1)



In this limit the correlation function reduces to

(Wr,Wg, - WRk>U(N) ADHM-[Z](C)(Z; t)

()
i+ 57
- ﬁ STl Ay msz doi WImJ)( ) HXR (3.2)

b oo 2ms; 25 =
E[ 1—t 5
(mi=m;)
where the N-dimensional matrix integral factorizes into a product of the lower-dimensional
ones when the corresponding magnetic fluxes are distinct.

Note that in the Coulomb limit the 1-point function of the Wilson line vanishes trivially,
since there is no contribution from the (anti)fundamental hypermultiplets in this limit. In
particular, there is no non-trivial correlators of Wilson lines when N = 1. In the following
we mainly focus on the 2-point functions for N > 2.

3.1 Hall-Littlewood expansions

To proceed with the exact calculation, we observe that the matrix integral in (3.2) can be
evaluated by making use of the inner product of the Hall-Littlewood symmetric functions [26]?

i — tsj
Py(s;t) = Z w | s H " , (3.3)
WES, /S Nisa; 00T 8

where S is the subgroup of the permutations w € S,, which consists of elements keeping A
invariant in such a way that A, = A; for 1 <4 < n. It follows that

ds; 1liz (1 B %) -1 Opw
P, (s;)P,(s™ 1) = , 3.4
N! %H 2misi [T, ; (1 - tj—J) n(s O ) (GON—o(u) T= (6 Uy ) (34)

where £(11) is the length of 1 and m;(u) is the multiplicity of . From the orthogonality of
the Hall-Littlewood functions, the 1-point function is shown to vanish.

3.1.1 U(2)
For N = 2 the Coulomb line defect indices are given by
(Wr,Wg, - WRk>U(2) ADHM-[I](C) (1)

_ s _ 52 k
_1 1 Yo lml, 2lm17{ dsi _dsp ( 52) <1 51) I x=,(s)
2(1—12)2 = 2misy 2misy (1 — t2§—;> (1 _ tz%i) et i
11 , dsy [ dsy {"
- - glimal+mal) Jl(mi+ma) 21 (s). 3.5
3 (1—¢2)2 Z : 2misy J 2mise H XR;(5) (3:5)
m1,mo€Z Jj=1
miF#Ema

2The similar expansions are obtained in [27] for the Higgs indices of the ADHM theory and in [28-30] for
the partition functions of matrix Chern-Simons models.



We have

2lmq] ,2lmy 1—t4

¢ - 3.6

m%:Z ‘ (1 — t20220)(1 — 22’ (3.6)
3 m+|mal) Jl(my+mz) _ 4 270 — 2 — Ll 4 2l 4 (O .

mama€Z (1 €1 - L) (1 — 01— @z 20)

mi;ﬁmg

Without any insertion of Wilson line, it reduces to the Coulomb index [31]
1— t4l
(1 _ t2)(1 _ ’t4)(1 _ t2lz2l)(1 _ t2l2—2l)
(2 2t = — (2 + 2D O
(1 _ t2)2(1 _ tlzl)(l _ t2lz2l)(1 _ tlz_l)(l — t2lz—21)
(1 o 121)(1 4+ (Zl + Zfl)tl+2 4 t21 _ t2l+2 _ (zl 4 z*l)tgl _ t4l+2)
(1—t)(1 —t4)(1 —thzh)(1 — 271 (1 — 2220 (1 — 2l —2)

ZU(2) ADHM-[(O) . )

_|_

(3.8)

In the presence of the Wilson line in the fundamental representation at the north pole and
that in the antifundamental representation at the south pole, we have xx, (s) = P1y(s; t*) and
XR,(S) = P(l)(s_l; t?). The 2-point function of the fundamental Wilson lines is evaluated as

(1— )
(1—12)2(1 — £2022)(1 — ¢21272)

2(2 4+ 27t — 2620 — 2(21 4 2713 4 248
(1 _ t2)2(1 _ tlzl)(l _ t2122l)(1 _ tlz_l)(l _ t2lz_2l)

(1 o t2l)2

<WDWE>U(2) ADHM-[I](C) (Z; ’L) —

+

T 1 —2)2(1 — 21—tz )2 (3.9)
Note that it is factorized into the two U(1) Coulomb indices
(WgWe) V@) ADHMIC) (51 ¢) — (1)U(1) ADHMAII(C) (5. )2 (3.10)

As we will see, such a relation is generalized to higher rank gauge groups.

For the Wilson lines in more general representations at the north and south poles, the
inserted characters or equivalently the Schur functions are not identical to the Hall-Littlewood
functions. In general, they can be expanded as

5\(5) = 3 Ko (O Py(s:), (3.11)
o

where K, (t) are the Kostka-Foulkes polynomials. The Kostka-Foulkes polynomial can be
viewed as the generating function for semistandard Young tableau with the charge statistics.
Let STY (A, i) be a set of all semistandard Young tableaux of shape A and weight u. For
each of T' € STY(A, i) the non-negative integer ¢(7') which is called the charge can be
defined by summing over the indices (see [26] for a precise definition). According to the



theorem of Lascoux and Schiitzenberger [86, 87], one has a combinatorial description of

the Kostka-Foulkes polynomial

Kyb= Y @, (3.12)
TeSTY(A,u)
For example, we have
Ky, = "V (3.13)

for any partition u of k, where n(\) is defined by (B.2). By means of the relation (3.11),
we can compute more general correlation functions. As an example, let us consider the
2-point function of the Wilson lines in the rank-2 symmetric representation. It can be

obtained from the expansion
ha(s) = B(s; ) + tQPB(s; £2). (3.14)
We find

<WD]WE>U(2) ADHM-[I](C) (Z; f)

_ (- L (-t

- (1 _ f2)2(1 _ t2122l)(1 _ tQZZfQZ) (1 _ tQ)(l _ f4)(1 _ t2122l)(1 _ fQZZ*QZ)
3(2H 4 27t — 362 — 3(2h 4 2 H 3 4 3¢9

(1 _ t2)2(1 _ ’tlzl)(l _ tQZZZI)(l _ tlzfl)(l _ t2l272l)'

(3.15)

—+

3.1.2 U(3)
For N = 3 the matrix integral (3.2) splits into three parts. We have

(Wr,Wg, - WRk>U(3) ADHM-[Z](C)(Z; t)

1 3l|ma| 3lm1 dsZ 3 1-
51_793 >t j{ H o HXR

ez 27rzsZ i 1-— pyliae]

Si

11 1 -
- - £ m1\+|m2| 2l m1+m2 % i
3 (1—¢2)3 Z H 27rzsl H — 2%

m1,mo€7Z Sj
(m17#£m2)

k

ng
27?7,33 H XR

1 1 . 3 ds. F
S (lima | +{mal+|ma)) z<m1+m2+m3>% i (s).
T 6(1— )3 Z o H 2mis; jl_llXRj(S)

m1,ma,m3EZ i=1
(m1#ma,mi1#ms,maFms)

(3.16)

For example, the Coulomb index is expanded as

TUG) ADEMI(O) (. ¢y — Aéf) + Aé)z’l) + Aél’l’l), (3.17)

,10,



where

AG) 1 ¢ (3.18)
07 (1 —2)(1 — (1 — t6)(1 — BL30) (1 — 3lz=31) ‘
A _ (1— (1 — e
0 (1—€2)2(1 — t4)(1 — tl2)(1 — tz=1)(1 — 21220 (1 — 22
1— o
- —, (3.19)
(1 _ t2)2(1 _ ’(4)(1 _ ’tBZZSl)(l — 3l 3l)
ALY 1
0 (1—12)3 H?:1(1 — ligli)(1 — fliz=l)
% (fZl + fgl(2’3l + Z73l) _ t4l(z2l + 272l) _ t5l(zl + Zfl + Z3l + 2731) _ f6l
F 2T S+ 22 4 27 — 2, (3.20)
The 2-point function of the fundamental Wilson lines is given by
(W0 AP )~ A+ A+ AL a2
where
1— %)
A®) _ ( 3.9
0,0 (1 _ t2)2(1 _ t4)(1 _ t3l23l)(1 _ tSIZ—BZ)’ ( )
AGD _ 2+ -eHa -
0,0 (1 _ t2)2(1 _ ’t4)(1 _ tlzl)(l _ tlz*l)(l _ t2lz2l)(1 _ t21272l)
B (2+€2)(1 — %) (3.23)
(1 —t2)2(1 —f4)(1 —t3l2’3l)(1 _t3l2—3l)’ :
ALY _ 3
o0 (1—12)3 H?:1(1 — flizli)(1 — gliz—l)
(2 4 330 g 3l 2y 2y Sl g g By 8y ol
Similarly, the 2-point function of the rank-2 symmetric Wilson lines is
2 3 2,1 1,1,1
(WepWeg) V) APIHIC) ;) = A5+ AL+ A0, (3.25)
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where

(1441 —

) -
A= (1— 2)2(1 — ) (1 — B30 (1 — elz-aly’ (3.26)
ACGD _ (3+2¢ +¢)(1 — ) (1 — )

M (1 —2)3(1 + 2)(1 — tlzh) (1 — 2 )(1 — 21220) (1 — 21z —20)

(3428 +t4)(1 — %)
T 2P+ 2)(1— B (1 el (3.27)

ALY 6
Mo (1 —2)3 ?:1(1 — {ligli)(1 — tliz—l0)

% (f2l + t3l(z3l + Z—3l) _ f4l(22l + Z—2l) _ t5l(zl + Z—l + Z3l + Z—3l) _ fGZ
27 S+ 22 4 272 — 12, (3.28)

3.2 Fermi-gas method

In the above we have calculated the correlation functions independently for each represen-
tation. However, for the purpose of exact calculation of the correlators of Wilson lines in
(anti)symmetric representations, it is also useful to consider generating functions for the

<1 81)
itj Sj
1 N ds;  (mi=my)
F(CL, b, e, d;Z;t)U(N) ADHM-[I](C) . ' § : tl E i\mi|zl E imi?{ | I J
=1

.

) J

(mi=myj)

x F(a;s)E(b;s Y H(c;s)H(d;s71), (3.29)

correlators. Consider

which gives a generating function for the correlation functions of Wilson lines in the anti-
symmetric representations and those in the symmetric representations as it can be expanded
in powers of fugacities a, b, ¢ and d as

F(a,b,c,d; z; t)VN) ADHM-(C)

_ Z a®1pke oFs gka <W(1k1 )W@W(kS)W@>U(N) ADHM-[I](C) (z; t). (3.30>
k1,k2,k3,ka>0

In [31] it was found that the matrix integral (3.2) without any insertion can be computed
in terms of the Fermi-gas method. The result is summarized in terms of the grand canonical

partition function as

EO(u) = 3 oN(@)VWAPIMI©O) oy = TT (1 + Zu”t”m'zlm(l(u)) . (3.31)

N=0 m=—o0 v=1
where
t—u(u—l) 14 dSi
Q = det iy S5 .32
w) V! 7{}_[1 2718, et p(si: 55) (3.32)

— 12 —



is identified with the canonical partition function of the free Fermi-gas consisting of v
particles whose one-particle density matrix is given by

(3.33)

Note that the canonical partition function 2(v) can be evaluated from the spectral traces

2mis;

n dSZ'
Tep" = § I oo plor,s2)plsz.s3) - plons 1) (3.34)
=1

as

[ee] oo _1)n71
v/ (=D (1) = det(1 = (Gl "Trp™| 3.35
;)u (v) = det(1+up) = exp | 3 ~—"—u"Tip (3.35)

n=1

These formulae can be extended straightforwardly to the generating function (3.29). It
can be also expressed in terms of Fermi-gas partition functions which are characterized by
the density matrix which takes the form

ps(s,s’) = f(s)p(s,s), (3.36)

where the function f(s) is an extra factor associated with the generating function (3.29)
and can be expanded into a power sum

as s71 >
fs) = Eics))((;fzs_lg = Y Apst. (3.37)

k=—oc0

Now we further consider a grand canonical ensemble of the generating function (3.29) with
respect to IV, the rank of gauge group

:(C)(u) _ i UNF(a’ b,c,d: 2; t)U(N) ADHM-[1](C)

_ lo—o[ <1 + iuutﬂmbzlmugf(y)) ) (3.38)

m=—oo v=1

The function Q¢(v) in (3.38) can be viewed as the modified canonical partition function of
the Fermi-gas whose one-particle density matrix is py. It satisfies the relation

0 00 -1 n—1
Z u”t”(l’*l)Qf(V) = det(1 4+ upy) = exp [Z (T)Lu”Trp}”] . (3.39)

v=0 n=1

To calculate the modified spectral traces Trp'f systematically, it is useful to change the

2T

integration variable as s = e where « is the position space coordinate on a circle. Since

p(s,s’) can be expanded as

ia Tia/ Tio 1 Tio —1) _—27mi(a—a’
Pf(e27r , 2T = f(e? )m = (e )ZtQ(p D2l ), (3.40)
p>0

,13,



we have py(e2™®, e2™) = (a|pf|a’) with
pr = f(™ )by, 1= 0z(p+ 1P, (3.41)

Here we have introduced the following notation of 1d quantum mechanics:

[, p] = 70 (3.42)
1
|a): position eigenstate, {(a|a’) =d(a—a'), 1= / dala)(al, (3.43)
0
|p)): momentum eigenstate, (p|p) =6pp, 1= > |p){(pl, (3.44)
p=—00
(alp) =P, (pla) = e727P, (3.45)

and defined 07(p) as
_J1 (z<0)
02(.@) = {0 (x - O>' (3.46)

The calculation of TrpY, or equivalently the trace trp’ in 1d quantum mechanics, reduces

to that of tr(e? #1452 k20, ... 2miknd 51 "which can be performed explicitly in the momen-

tum basis by using the similarity transformation formula e=2™%pe?™® = p 4 1. Let us define

Ki:=> kj. (3.47)
j=1

Then we have

[e.9] n
tr(ezmklaﬁlezmkzam o 62”““"%1) _ Z H 0y (p — K+ 1>t2(fp+K¢fl)

p=—001i=1
2 Yo (Ki—min{K;}7_,)
= [ (3.48)
when K,, = 0, and
tr(€27rik1dpA1627rik2dpAl L. e?ﬂ'ikn&ﬁl) =0 (349)
when K,, # 0. Therefore we have
o 2 Yo (Ki—min{K;}7_,)
7
Trp = > Ap Apy - A A S =T (3.50)

ki, kp—1=—00

Once we obtain Trp't, we can calculate the generating function (3.29) by expanding the
right-hand side of (3.38) in w. To treat the infinite sums over m in (3.38) at each order in
u, it is convenient to organize the expansion as

ESCC)@L) _ i u’ i 4 Imlvm L35 mum, ( ﬁ Qf(l/m>> . (3.51)
v=0

Um=0 m=—00

(2 vm=v)

— 14 —



Note that [],, Q¢(v) in the summand depends on the entries of non-zero components
{vm}, but does not depend on to which m’s these non-zero components are assigned. By
regarding the entries of non-zero components as a Young diagram, we can write the grand

canonical correlator ESCC) (u) as

= () = S G Q( (3.52)
D e L
(1AI=»)

where m;()) is the multiplicity (B.1),®> and we have defined the form factor G, as

o 1 {Z} ¢S 15, (353

where the summation runs over all choices of 1,’s whose non-zero components coincide with
A ={A1, A2, -+, \¢} up to permutations. For each Young diagram A, this summation reduces
to a finite dimensional summation over the indices of vy,’s. More concretely, for

A= {xlv"' y L1y L2yt 3 X2yt 3T,y 7'1:71} (354)
k1 ko kn
we have
k kn n k

_ G — Z o ot I g 302 | e SO ™ e 30 mY
Hi mZ(A)' ( ) (1)
< <H1 s

mf)<~~~<m§‘322),--~7

mgn)<._<m](€7;)

(m{#m " for all (a,i)#(b.5))
la:g Z (2) . ZlZn Ele min) ) (355)

Note that the inequality (<) constraints in (3.55) can be cancelled by the factor of the
multiplicities []; m;(\)!, as we have denoted in the denominator of the left-hand side:

(N ()
G, = 3 2y malx 135 (3.56)
—oo<my,mg,+,My(3) <00

(m;7#mj)

When ) is of a single row, A = (k), the form factor G is given as

~ ~ 0 1— t2k‘l
_ _ lklm| lkm __
oy = A A= m;oot et = (1 — 2FHR) (1 — 2 M) (3:57)
while G, for a more general \, A\ = (k1,ko,---,k¢), can be calculated by the following
recursion relation
J4
G(kl,kg, ko) = Ak)lG(k;g, k )_ZG(ki—i-kl,kz,---,151-,~~-,kz)’ (3'58)
=2

3Here we have denoted the dummy indices originating from szf n (3.38) as m; rather than m; to

avoid possible confusion with the multiplicities m;(X).

,15,



where each subscript in the second terms (k; + k1, ko, - - ,k?i, .-+, ky) stands for the Young
diagram of length ¢(\) — 1 obtained from A by removing the first row, adding it to the i-th
row and then reordering the £(\) — 1 elements in non-increasing manner so that the sequence
can be interpreted as a Young diagram. For example, for A = (4,3,2,1) we have

(kg + ki, ko, k3, k) = (ko + k1, ks, ka) = (7,2,1), (3.59)
(k3 + ki, ko, k3, kg) = (ks + k1, ko, ks) = (6,3,1), (3.60)
(k4 + kla k?a k37 124) = (k4 + kla k?? k3) = (57 37 2) (361)

The recursion relation (3.58) can be easily shown from the original definition (3.56). For
example, we have

Gg=Ai— A Cp=Aih—As, Gp=Al-34dy+24 Ggn=Aids— Ay
Gg =43~ Ai G = Atk 240 Ay — A} 424,

GE = Azll — 6A~%A2 + 8/111213 + 314% — 6;14. (362)

Note that if we consider the large [ limit and ignore the terms proportional to t* with
n > 1, the grand canonical correlator (3.38) simplifies drastically as

(e PR o S
Jim = (u)—1+yz::1u Qr(v). (3.63)

Namely, the generating functions (3.30) are the canonical partition function Q¢(v) themselves
F(a,b,c,d; z; ) VW) ADHM-[(C) — 0 (), (3.64)

3.2.1 Antisymmetric representations

First let us look into the 2-point functions of Wilson lines in the antisymmetric representations.
As explained above, these correlation functions can be obtained from the expansion coefficients
of the generating function (3.29) with ¢ = d = 0 at (ab)*. By calculating the canonical
partition function Q44 146s-1)(v) for various v following the algorithm (3.39) and (3.50),
we find the closed-form expression for general v

0 (v) EV: (at)" (3.65)
as 871 — . .
T (@ (3 2)
Plugging this into the grand canonical correlator Eglclas)(1+bs,1)(u) (3.52) and reading off
the coefficient of vV for each N, we obtain
N
F(a, b,0,0; z; f)U(N) ADHM-[I](C) _ Z(ab)kIU(k) ADHM—[Z](C’)(Z; f)IU(N_k) ADHM-[I](C) (Z; ’t)
k=0

(3.66)
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Namely, we find the following interesting algebraic relation between the Wilson line correlators
and the Coulomb indices at different ranks:

<W(1k)W@>U(N)ADHM-[l](C)(Z; f) = TU(k) ADHM-[l}(C)(Z; t)ZU(N’k) ADHM-[1](C) (2;1). (3.67)
Note that the identity is valid for any number of flavors [ > 1 with generic value of the
fugacity z (]z| = 1) for the topological symmetry. This generalizes the relation (3.10) we
have found for N = 2 and k£ = 1.

3.2.2 Symmetric representations

Next let us consider the 2-point function of Wilson lines in the symmetric representations.
These are obtained as the expansion coefficients of the generating function (3.29) with
a=0b=0at (cd)F,

o0

F(0,0,¢,d; z; )"0 APV = % 7 (e (W Wigs) VN APV (). (3.68)
k=0
By calculating the canonical partition function 2 1 (v) (3.39) for various v from

(1—cs)(1—ds—1)
the method in section 3.2, we find the closed-form expression for general v

1 oo
i ) (2:8),(2;€),_, kz:%(c ) ) (3.69)

Q

The infinite summation over k can be performed explicitly for each v as

1 1
Q = o —— .
(17cs)(117d5*1)( ) (2;42)1 1 — cd’ (3.70)
1 1 t2
Q 2) = - 71
m( ) (£2; £2)9(12; )1 <1 —cd 1- t2cd> ’ (3:71)
1 1 t2(1 —t4) {0
Q 3) = - 3.72
(17cs)(117ds_1)( ) (£2;£2)3(1%;2) (1 —cd (1 —)(1 - t3cd) * 1—tted )’ (3:72)
1
Q 4) = oo
i W T @ e
y 1 a9 (1 — 19) P
l—cd (1—¢)1—tcd) (1—t)1—ted) 1—1t5cd)’
(3.73)
1
Q 5) = oo
(1—cs)(11—d5*1)( ) (£2;82)5(1%;12)4
y 1 Pt (1 — %) (1 — %)
l—cd (1-€)1—-€cd)  (1-)1—tH(1 - ticd)
f12(1 _ t8> f20
— 3.74
(1—&)(1—tcd)  1—cd)’ (3:74)

and so on. In contrast to the case of the antisymmetric Wilson lines, general expression for the

generating function is not available. Nevertheless by substituting these 2 L (v) into
(1—es)(1—d—1s)
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the grand canonical correlator (3.52) we obtain a closed-form expression for the generating

function for each N as
(o)

Z 1 ghe <W(k1)W@>U(2) ADHM-[I](C) (Z; t)

k1,k2=0

_ 1 U(1)ADHM-[]](C) (.. (2 1—cd2+t) ) ADEM[(C), 2. 2

- et (40 + g (5 8), (3.75)
Z Ck‘l dkz <W(k1)W@>U(3) ADHM-[I](C) (Z; f)

k1,k2=0

_ 1 U(1) ADHM-[I](C) (.. (\3 1—cd(2+¢%) U(1)ADHM-[[|(C) (..

= 60— capt GO S P —cad t ()

1—cd(3+ 1+ t4) + (cd)?(3 + 382 + 3t* + 19)
3(1 —cd)3(1 — cdt?)(1 — cdt?)

% 7U(1) ADHM-[Z](C)(Z?:; t3), (3.76)

Z thl de (W(kl)W@>U(4) ADHM-[I](C) (Z, t)
k1,k2=0

x TUMADHM-{(C) (2, 2

1 . (1 —cd(2+t?)) .
7U(1) ADHM-[I(C) (. ()4 7U(1) ADHM-[I](C) (. ()2
24(1 — cd) &Y 10 =i = cd®) ()

) 1 —cd(2 +t%))?
7U(1) ADHM-[(C) (2. (2 ( U(1) ADHM-[I](C) ( ,2. (22
X (Z’t)+8(1—cd)4(1—cdt2)21 (2% t%)

1-— Cd(3 + t2 + t4) + (Cd)2(3 + 31(2 + 3t4 + tG)IU(l) ADHM-[I](C)
3(1 — ed)*(1 — cdt?)(1 — cdt?)

% 7U() ADHM-[l](C)(ZB; &) 4

(2:1)

1
4(1 — cd)*(1 — cdt?)?(1 — cdt?)(1 — cdtb)

x (1 —cd(4+ 22 +t1 +O) + (cd)?(6 4 8 + 5t* + 60 + 268 4 ¢19)
— (cd)®(4 4 12¢% + 10t* + 1465 + 96 + 5¢19 4 2¢12)
+ (cd) (4 + 46 + 8t* + 80 + 615 + 410 + ¢12))7U(1) ADHM{I(C) (4, 44y (3.77)

Z Ckl de <W(k1)W@>U(5) ADHM-[I](C) (Z; {)
k1,k2=0

1 1 —cd(2+ %)
ZU(1) ADHM-[(C) (.. {)5 U(1) ADHM-[I](C) .. (\3
120(1 — cd)? & B0 ey (1 = cd)) ()

% IU(l) ADHM—[l](C) (22. t2) 4 1-— Cd(3 + t2 + t4) —+ (Cd)2(3 + 3t2 + 3{4 —+ tﬁ)
’ 6(1 — cd)5(1 — cdt?)(1 — cdt?)

1—cd(2+ t?)
6(1 — cd)®(1 — cdt?)?(1 — cdt?)

x (1 —cd(34 € 4+ t4) + (cd)?(3 + 36 + 3t* 4 0)) V(1) ADIM-{I(C) (2. ¢2)

% 7U() ADHM-[l](C)(Z; t)QIU(l) ADHM-[1](C) (2% 8) +

212
U(1) ADHM-[1](C) (3. (3 (1 —cd(2+t)) U(1) ADHM-[1)(C) (.
<z )+ S P — et (1)
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1
10— cd) (1 = cd®)2(1 — cdth) (1 — cdt®)

—cd(44 282 + € +1°) + (cd)?(6 + 8% 4 5t* + 615 + 265 + ¢10)

% 7U(1) ADHM-[l](C)(z2; 2)2 4

— (cd)®(4 4 12¢% + 10t* + 1465 + 96 + 5¢19 4 2¢12)

+ (cd) (4 4 4€ + 8t1 + 8% + 6% + 4t'0 4 12)) V) APEMUIC) (5. )
1 a
5(1 = ed)d(1 — cdt?)?(1 — cdt?)(1 — cdtb) (1 — cdt®)

+ed(—5 =28 — ¢ — 6 — %) + (cd)?(10 4+ 106 + 6¢* + 76 4 7¢® + 3¢10 + 12 - (1)

+ (ed)®(—10 — 206 — 15t — 20t° — 2165 — 16¢10 — 812 — 7¢! — 216 — (1¥)

+ (ed)* (5 + 208 + 20t* + 300 + 35¢% + 35¢10 + 25¢1% 4+ 21¢! 4 1146 + 6¢!8 4+ 2¢20)

+ (ed)® (=5 — 5¢* — 1065 — 15¢% — 20t1° — 20¢'% — 20¢M — 15¢!6 — 10¢!8 — 5¢2°

. t22))IU(1) ADHM-[l}(C’)(ZB; t5), (3.78)

and so on, where we have used A, = (1 — t2@)ZV(1) ADPEM-I(C) (ye 4y (3 57), Here we shall
also list the explicit expressions for the correlators for [ = 1:

Ll 2z+ Dt (242 - ¢
T IRy -2e)

% 7U) ADHM-[l](C)<24; ) 4

(WenWeg) V() APHMAN(O) (41 ) (3.79)

2+ e —¢
(1 _ Z:i:2t2) ’

I+ (2t (
2

(Wi W) V() ADHM-[U(C) (. ) — == (3.80)

(WenWag) V(@ APHM-LIO) . 4)

1
- [ (1 — 254 (1 — 2222)2(1 — zi3t3)(

14+ 2z +22)t+ (272 + 34+ 22

+ (P52 452+ 28+ B2+ T3+ (2273 £ 527 + 52+ 2230
+ (2 2444+ D0+ 3 F 227 4 22 4+ 257 — 10, (3.81)
<WD]WE>U(5) ADHM-[1](C) (Z, t)

1
= L (1= 502(1 — 2220 (1 — 2598 (1 — 240 |

14 (27 4+ 2)t

2 A 4 4+ )+ (2224 )+ (2273 452 L 4 52+ 2298

(

(27 422434222+ 20+ (22 4527+ 52 4+ 24

(44 2:2 424222 + 28+ (23 4 442 4+ 230 4 (272 = 220
(

222 24 2 (22— 1= 2 4 (T 4 ) — 1, (3.82)

<WEEDWﬁ>U(2) ADHM-[1](C) (Z; t)

T IIL(1 = 2Eh (1 — 2282) A+3 +2)t— 420 +2H8 -3+ (2 +27H - 15,
- -

(3.83)
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<WD:DWﬁ>U(3) ADHM-[1](C) (Z, t)
— 1 (
T (1 — 2 (1 — 23242) (1 — 28383)

1+ (3271 +32)t+ (3272 + 5+ 322)¢

+ (323 4627 462+ 3238 + (2272 484+ 22t 4 (4273 + 327 432 + 423)80

+ (22244220 + (2273 — 2l — 2 4 2297+ (=272 - 2228 + (273 + 2P)E

+ (=272 41 =200 ¢ (=27t - )t 1 12, (3.84)
<WEWE>U(4) ADHM-[1](C) (z:4)

1 -1 -2 24,2
- T L1 - 2E (1 — 2E22)2(1 — 2 5383) (T4 (327" +32)t+ (227 + 54 22°)t

32734927 1924328 4+ (27 45272 134 522 + 2!

(
(6272 410271 4+ 102 4+ 623)° + (2274 + 272 + 11 + 2% + 22116
(4z +327 432+ 45 + (27 — 4272 42— 427 4 N8

(

+ o+ o+

z~ — 2+ 20+ (27— 2272 41— 222 4 N0 4 (—2272 — 222 4 Y,
(3.85)

<WDjijﬁ>U(2) ADHM-I(@) (2, )

1

=~ A== (1+4(z+ 2Nt =20 4+3(z+2HE -5t + 22+ 271
(- Z

— 30 4+ (2427 HY — 88), (3.86)

<WDjijﬁ>U(3) ADHM-L(@) (2, )

1
T (1 = 2E) (1 — 2F242)(1 — zi3t3)(

14 (4271 +42)t+ (4272 + 8 + 4222

623 +82 1482462 + (27 24154+ 2Dt + (9273 + 3271 + 32+ 9238

+(

+ (=72 2411 =720+ (7273 =327 =32+ T 4+ (=822 + 7 - 8228

+ (5273 =227 =22 4 52 4 (=622 + 8 — 62710 + (2270 — 3271 — 32 4 227!
+ (=

32246322 (23— 2l 24 A 4 (—272 43 - )
+ (=271 = 2)th5 4 ¢16), (3.87)

The results for [ > 2 are listed in appendix E.1. The 2-point function of symmetric Wilson
lines in the Coulomb limit diverges as the size of the representation k becomes large. This is
in contrast to the behavior in the Higgs limit studied in section 4.
In the large I limit, on the other hand, we obtain the following unified formula thanks
to the simplification (3.64)
(e 2),
CAOMETN

(Way W) VVAPEMASIO) () = (3.88)
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3.2.3 Multi-point functions of charged Wilson lines

Let us also consider the correlation function of charged Wilson lines
<Wm1Wm2 T ka>U(N) ADHM_[Z](C)(*Z? t)v (3'89)

with m; # 0 for all j and 2?21 m; = 0, which is calculated by substituting power sum
symmetric functions py,, (s) (2.8) for xr,(s) in (3.2). These correlators are important in the
sense that they form a complete basis of the correlators of arbitrary number of Wilson lines
in arbitrary representations (W W) - -+ )V APHM-U(C) (5. 4) for N < k.

In the Fermi-gas formalism these correlators can be obtained by inserting H;?:l MY, 1+
ajs;”) instead of E(a;s)E(b;s V)H(c;s)H(d;s™') into the generating function (3.29) and
reading the coefficient of ay - - - ax. Hence the calculation reduces to the calculation of trace
Trp’} with f = H;?:l(l—i-aj s™3) to the order aj - - - ag. For simplicity we consider only the cases
with £ = 2 and k = 3, and here we only display the final results for Trpf, the grand canonical

correlator E(fc)(u) and the correlation function (W, Wi, - - - Wi, ) VV) ADEM-I(C) (5 4) - For

the detail of the derivation of Trp% and ESCC) (u), see appendix C.

First let us consider the case with k = 2, where the charges are (m1,m2) = (my, —mq).
Without loss of generality we assume m; > 0. In this case we find

1 n(l — t2m1n)
Tl‘p?1+a1sm1)(1+a25—m1) = m <1 + a1a2w + (’)(a%, a%)) . (3.90)

Plugging this to the grand partition function (3.38), we find

mi t72n+2+2m1 . t2)
(w) =2 w) |1+ aras Z ’

n=1

n 7U0) ADEMU(O) (s gy | 1 O(a?, o).

1— 2m
(3.91)

Expanding the whole right-hand side in u we obtain

<Wm1 W_ml >U(N) ADHM-[I](C) (Z; ’L)

min(N,mq) (t—2n+2+2m1 . f2)

— o n7U(1) ADHM-[I(C) (yn, 4n)UN—n) ADHM-0C) (5. ¢y (3.92)
n=1

Next we consider the case with £ = 3. Since the three charges mi, me and ms3 add up
to zero, the signs of the charges are either + + — or + — —. Noticing that the generating
function for (mq,ma, mg) is identical to that for (—mj, —ma, —ms), we may assume without
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loss of generality that mi, ms > 0 and mg = —my — mo < 0. In this case we find

Trp(i farsm)(1+azs™2) (1+ags—m1-m2)
1 —1t2” (1 + “1a2a3n((11__t;;:?1))((11__ t;::) +0(af, a3, a%)) : (3.93)
=l (u)
=2 () |1 + a1azas AT (=224 2ma2) (’212j4::rn’21”;(21, ti):;;2 gt—2n+2+2m1+2m2;t2)n
n=1
X VAP | + O(ak, o o), (399
and

<Wm1 sz W—ml—m2>U(N) ADHM-[I](C) (Z; f)

min(N,m1+mz) (t—2n+2+2m1 . t2)n 4 (t—2n+2+2m2 . t2)n o (t—2n+2+2m1+2m2 . t2)n
b ) b

= Z (1— 2mi)(1 — 2m2)

n=1

% 7U() ADHM-[l](C)(Zn; t”)IU(N’”) ADHM-[I](C) (2:1). (3.95)

3.2.4 Large N limit

Let us study the large N limit of the correlation functions of Wilson lines in the Coulomb
limit we have studied above. We can obtain from the plethystic logarithm [88] of the large N
normalized 2-point functions of Wilson lines in the representation R the single particle gravity
indices that would capture the quantum fluctuation modes on the gravity dual geometry? X

i) (2:0) = PL{(WRWg) VEAPIMNO) 5, )

o A(d)
-3 :

d>1

10g[<WRW§>U(OO) ADHM-[I](C) (zd; fd)], (3.96)

where p(d) is the Mobius function

0 if d has repeated primes
p(d) =<1 ifd=1
(—=1)¥ if d is a product of k distinct primes.

e Antisymmetric representations.
In the large N limit N — oo with k being fixed, the 2-point function (3.67) normalized
by the Coulomb index ZU(o0) ADHM-[I(C) (see (2.2) for the convention) reduces to
<W(1k)W@>U(oo)ADHM—[l}(C) (Z; t) — IU(I{)ADHM—[I}(C) (Z; t). (397)

“See [41, 62, 89-91] for the relevant analysis of large N line defect correlators in 4d N' = 4 U(N) SYM
theory.
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When £ = 1, the ADHM theory is holographically dual to the M-theory geometry
AdSy x S7/Z; and the Wilson line in the fundamental representation is expected to be
holographically dual to an M2-brane wrapping the AdS, in the global AdS4 and the
M-theory circle. The resulting Coulomb gravity index is

izt =@ 4 € 4t - 2 (3.98)

It indicates a finite number of quantum fluctuations of the M2-brane on the gravity
dual geometry. For [ = 1, the Coulomb gravity index gets simplified as

i () =tz + 2L (3.99)

The gravity index (3.99) involves two bosonic scalar fields. They are expected to
describe the quantum fluctuations around the motion of the M2-brane wrapping the
AdSs. They are similar to the quantum fluctuation modes of the fundamental string
wrapping AdSs C AdSs which is dual to the fundamental Wilson line in 4d N = 4
U(N) SYM theory [92].5

When [ =1 and k£ — oo with % < 1, the large N normalized 2-point function is
the large N index of the U(N) ADHM theory with one flavor. In this case the gravity
index is

o0 oo o0
igf)(?:;t) — Z 2m 4 Z Z <t2m+kzk + t2m+szk)
m=1 m=0 k=1
tz+tz 7t — 2

RiE=T = (3.100)

Unlike the case with &k = 1, the gravity index (3.100) involves an infinite tower of
quantum fluctuation modes. Such an infinite tower of excitations is similar to that for
the geometry dual to the large (anti)symmetric representation of the Wilson line in 4d
N =4 U(N) SYM theory.

e Symmetric representations.
In contrast to the case of antisymmetric representations, even though we have an explicit
expression for the canonical partition function (3.69) for all v and all order in b, ¢, it is
still not obvious to write down the correlators (W, W(E)>U(N ) ADHM-I(C) for general
N, I, and k. Nevertheless comparing the closed-form expression for the correlators
at different values of IV for each [, k, we observe that the coefficients of the small t
expansion saturate as IV increases. For example, for [ =1, k <3 and [ =2, k = 2

5From the semiclassical analysis of the action of a single M2-brane in [93] it is argued that the spectrum of
the quantum fluctuations around the AdSs x S* solution involves an infinite set of ' = 1 supermultiplets
on the AdSz. However, it is not clear how it can be verified from the ADHM theory as the BPS index only
counts a finite number of excitations.
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we have

I+ (z+z D+ (=22 —1-2)2 + (2 + 2713
[T (1 — 2%M) (1 — 2%2¢2) ’
(3.101)

<WD]WE>U(OO)ADHM_[1](C) (Z; t) —

<WEEDWﬁ>U(OO) ADHM-[1](C) (Z; t)
_ 1
O OTLL (1 = 2E) (1 — 23262) (1 — 233¢83)

+ (227 +22)8 4 (1 — 2271 = 3272 - 322 — 22M)¢!

(14227 +22)t+ (=1 — 272 = 22)¢

+ (2P 423 4227 1224428 2O F (32271 — 4272 — 427 — 22

+ B3 b2 2 433 (27t - 4272 422 N8

+ (2273 + 227 422 42230 4 (—272 = 22)t10), (3.102)
<WEDWE>U(OO) ADHM-[2](C) (Z; f)

= Hi(l — Zi2t2)(1 — zi4t4) (1 + (2_2 + 1+ 22)t2 + (_2_4 + 22’_2 + 222 _ 24){4

e e [ N R R T (3.103)

We have confirmed these expressions at least to the order t!4. For higher rank cases
expressions become rather lengthy. We show the large N correlators of the Wilson lines
in the rank-4 symmetric representations for [ = 1 and rank-3 symmetric representations
for [ = 2 in the unflavored limit (z = 1)

<WEEEDWﬁ>U(OO)ADHM_m () (f)
1
=021 — 2P0 -0 -t

+ 2418 — 32¢° + 34410 — 381 + 32¢12 — 12¢13 4+ 71 4 6¢1° — 1816 + 12¢17
— 6t18 + 1019 — 8620 + 2421, (3.104)
<meﬁ>U(oo) ADHM-[2](C) (f)

14582 6t + 70 + T8 + 510 + T2 4 2411 4 3¢10 4 5¢18
- (1-#£)2(1 - 1)2(1 - 19)? '

1+ 6t — 22 + 1063 — 13t + 12¢° — 3¢6

(3.105)

We have confirmed these expressions to the order 23 and t2° respectively.

On the other hand, in the large [ limit we obtain from (3.88) a simple unified
formula for arbitrary k. Curiously, in this limit the 2-point function coincides with the
2-point function in an antisymmetric representation of the same dimension

<W(k:)W(E)>U(OO) ADHM—[oo](C)(Z; ’t) _ <W(1k)W(1T€)>U(OO) ADHM—[oo}(C)(Z; ’t) _

— 24 —



e Charged Wilson lines.
For the 2-point functions and the 3-point functions, we find from (3.92) and (3.95)

t—2n+2+2m1 t2)

(Wi W) V) ADISO) ) = 3
n=1
<Wm1Wm2W—m1 - >U(oo) ADHM-[I](C) (Z f)
1 (t—2n+2+2m1 : t2)n _|_ (t_2n+2+2m2; tQ)n _ (t_2n+2+2m1+2m2; t2)n
(1= em)(l - 2m)

— U(1) ADEM)(C) (n, n).

n=1

x ZU(L) ADHM-(C) (. g0 (3.107)

4 Higgs line defect indices

Next consider the Higgs limit of the Wilson line defect correlator (2.1). It is obtained by
taking the limit

¢,t71 = 0 with t = ¢7t* fixed, (4.1)
for which we obtain the matrix integral
(W, - Wi, ) V) APTNEIUD (g )

i M)
“w e, (e o)

1

N 1
HH (1 —tsiya)(1 —ts; 1 71 HXR

i=1a=1

(4.2)

4.1 Hall-Littlewood expansions

In this subsection, we derive the closed-form expressions for the Higgs line defect correla-
tors (4.2) from the orthogonality (3.4) of the Hall-Littlewood functions.

4.1.1 N =8U(N)SYM

While the localization formula of the full supersymmetric index leads to divergent series for
N =8 SYM theories, i.e. ADHM theory without fundamental hyper, due to the non-positive
dimension of the monopole operator, the Higgs line defect correlators are well-defined matrix
integral with the form

- Nods; Hi;éj(]-*%)n (l—tgsl)

(W, - Wiy )N =8 VI (4) = % 74 11 le:is ’
! i—1 i Hl (1 — ti—’x) (1 _ tsz ) .:1
] J J (4.3)

While there is no non-trivial 1-point function, the matrix integral (4.3) is non-trivial even if
there is no insertion of the Wilson line. It gives rise to the Higgs index

(1N =8 UNEH) (4. ¢) = 7N =8 UNH) (5 ¢), (4.4)
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To evaluate the NV = 8 Higgs correlator (4.3), we start by noticing that the Hall-
Littlewood functions satisfy the Cauchy identity

S bu(O)Pu(a; 1) -1 H 1oty (4.5)
“w

S Lo iy

where b, (t) is defined as (B.4), we can expand the integrand in the matrix integral (4.3) and
then carry out the integration by the orthogonality relation (3.4).
Without any insertion of the Wilson lines, we find the Higgs index

v VD) s ) Z ALl i th ok (16)
(it N0y o (tste)(teite v
(AN

For example, for N = 1, 2, 3 and 4 we have

TN =8 U(l)(H)(x. t) = 1— ¢ =14+ i (2" 42" (4.7)
’ (1—tx)(1 —tz1) — ’
3 -1 445 -1

TV =S U (g - Lot e ) S C ety (4.8)

(1 —t2)(1 - 222)(1 — to 1) (1 — 22—2)’
TV =8 UG (4. ¢
_ 1
(1—tx)(1 —22)(1 — B23)(1 — tz= 1) (1 — 272)(1 — 32 73)
— P+ H+C+0@ +z+2 1 +273)+ 80 +272) - 0@ +273) - ¢10), (4.9
TN =8 UMW) (4 )

(1 -t 1+ 2% + 272

_ 1 5 e .
_H?_l(l—fixi)(l—fi Z)(l—l-t( P —z—az -2 )‘i‘f(—l—:c —x )

+ 81+ + 2 )+ 0@+ 23 2+ 22 a2 42 00t )

4t (w2l —at -2 — e (S —x— 2t — 27D
+ (=1 4+ 2%+ 276 + 15(2? + 272)). (4.10)

The 2-point functions of the Wilson lines in the antisymmetric and symmetric represen-
tations can be obtained by using the Pieri rules [26, 94]

M§+1
er(s)P, Z H . Py(s;t) (4.11)
ADp 1>1 lUJz >\7,
Py

t

and

i = A
hi(s)Pu(sit) = t"W’”H{ 1 Pasib), (4.12)
'u/.

ADp i>1

A l=k
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where [}], is the g-binomial coefficient (A.2) and n(A/u) is defined as (B.3). From the
orthogonality relation (3.4), the Cauchy identity (4.5) and the Pieri rules (4.11)—(4.12) we find

<W(1k)W(1k)> =8 UN)(H) (z3t)
2
RYJOY H;>1(t$ t»”U_l)mj(A) o — Qg
Z Z ’t —1. f.l‘ ) H (tx_l't:n_l) H ’ ’
adA L(a) L15>1 ) mj(a) ;51 | a; — A
loe/ X|=k £(A ) tr
(4.13)
and
= Y /A e/ [oa (™5 ™D, )
adA o ))\ (tx_l tr— )N—E(a) HjZl(tx_l;t$_1)mj(a)
lo/ A=k £(A)<
o — N, ?
<1, : (4.14)
1| o= A
- tr—1

For example, for N’ = 8 U(2) SYM theory, the 2-point function of the Wilson lines in
the fundamental representation is

1-2-Ba+ar H+t+O@+al) -0
(1 —tx)2(1 — tz—1)2 '

<WDWE>N: SURH) (11¢) = (4.15)

Although the flavored 2-point functions of the Wilson lines in the rank-k symmetric
representations can be written as the rational functions, they become expensive as k increases.
For example, for £k = 2 and 3 we find

<WEDWE>N =8 U(2)(H) (.Z', t)

1
T 1 —to)(1— €22 (1 -tz V(1 — 232)

+ (22— 20 )+t (-4 —222 207 + O (—2® — 2 ) + OB+ 22+ 27?)

I+t +a )+ 1 +2%+272)

(@ 22+ 207 4273 — S+ O(—x —271)) (4.16)
and

<WEEDWﬁ>N =8 U(2)(H) (l’, t)
- 1
(1 —t2)2(1 -tz )2
+ 0 ot o)+ C@P ) @B e+ 427
+ 81— a2? —27?)). (4.17)

A+E@?+2 ) +8(—20 — 227 +tH(—2® — 272
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4.1.2 N = 8 grand canonical ensemble

Let us define the grand canonical index by
EN=8(u; 2 t) Z N =8 UNH) (g 4)o, V. (4.18)

It is given by

1 1

=N=8

= jTit) = . 4.19
(u;;4) 1 —u (utz; tr) oo (utz 1t 1) o (4.19)
In the unflavored limit z — 1, the index (4.19) becomes

1 1

—N=8
= f) = 4.20
(3 ) 1—u(ut ) (4:20)
The unflavored grand canonical index (4.20) obeys the difference equation
EV=8(tust) = (1 — tw)(1 — w) V=S (us t). (4.21)

This implies the recursion relation for the unflavored indices

NV =sum gy = 2P avesuw e -t v =suw-nm gy (499

1—tN 1— tN
4.1.3 Large N limit of N =8 U(N) SYM
In the large N limit, the index becomes
_ S 1
TN =8 U H) (4. ¢) = : 4.23
(0 =11 (1= tram)(1 — trg—) (423)
n=1
The unflavored index is
b 1
N =8UH) ) = T ———. 4.24
0=11 g (124

In the large N limit, the correlation functions of the charged Wilson line operators
associated to the power sum symmetric functions can be exactly calculated according to
scalar product on the ring of polynomials in t [26]. The basic ingredient is the normalized

2-point function of the charged Wilson lines
n

N =8 U(co)(H) (.. ¢\ — _ 49
The higher-point function of the charged Wilson lines obey the factorization®
k k
(TT OV Wy =8 VO () = T () (Wi W YN = 8 VI (s 6y
j=1 Jj=1
(4.26)
Also it follows that
W W)V =8 U (1 4) = (W, W)V =8 U (4, ¢), (4.27)

From the exact form (4.25) for the 2-point function, the factorization (4.26) and the well-known
relationship between the symmetric functions, we can calculate arbitrary large N correlators.

See [41, 91] for the factorization of the large Schur line defect correlators of N' =4 SYM theory.
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For example, the large N normalized 2-point functions of the Wilson lines in the
(anti)symmetric representations are given by

1

) \NN =8 U(00)(H) (. ) —
VW = VI (a54) = gV =8 VD (a34)
1+ ¢
B 4.2
(1 — f.’E)(l — fsz‘Q)(l _ tx_l)(l - tgx_2>7 ( 9)
<WIIDWﬁ>N =8 U(oo)(H) (;t) = <Wﬁwﬁ>/\/ =8 U(OO)(H)(.QC; 0
1+2+6 -1 4 | 46
_ipfatlats )rtat (4.30)

g (1 — ) (1 — )
oW = 7 a3 = <WEW>N VeI (a1
= ! A+ +S@x+27h
[Tizy (1 = €ah)(1 - ta—7)
+e 2+ 42 )+ 0@+ )+ 52+ 22 + 272

+t @+ H+ 2+t )+ @+t + 0
+ t12). (4.31)
In the large representation limit & — oo, we obtain

<W(oo)W(oo)> =8 UEH) (g ) = <W(100)W YN =8 Ue)dH) ()

(1)
_nl;[ll

o0 o0 1

H H t2m+n1:n)(1 _ t2m+nlifn) ’

mOnl

(4.32)

As we will see in (4.39), the large N normalized 2-point functions of the Wilson lines in the
rank-k (anti)symmetric representations turn out to coincide with the Higgs (or equivalently
Coulomb) indices of the U(k) ADHM theory with one flavor.

4.1.4 U(N) ADHM with I = 1
The U(N) ADHM theory with [ = 1 flavor can describe the low-energy dynamics of N
M2-branes probing the flat space. The Higgs limit (4.2) of the matrix integral reduces to

(WR, -+ W, ) V) ADEMOIUD (4, -4

fH dsi Mgy (1= ) Ty (1 - €5)
Bl 2misi [T,; (1 - ) (1 -t

1
(1 —tsiyn) (1 —ts; g h) HXR

N
11+
=1

(4.33)
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In this case, useful formulae can be obtained by expanding the integrand in terms of the
Hall-Littlewood symmetric functions by making use of the identity [95]

_ 1l 1 1— Ty
=2 NI P () Py 1) = S (4.34)
,\z,;; g 221_[1 (1 —2)(1 —wi) zg1 1 -t Loy,

where n(A) is given as (B.2), and the inner product (3.4) of the Hall-Littlewood functions.
Again without insertion of the Wilson lines, one finds the Higgs index for the U(V)
ADHM theory with one flavor. Since the theory is self-mirror, it is equal to the Coulomb
index of the same theory. We find that it can be expanded as
A0 =30, X7 20 (N =30, A7
= > (4.35)

v () oo [s (65 ), )
(<N

ZUN) ADEM[(H) (. )

Note that the index is independent of the flavor fugacity y;.
For example, for N = 1, 2 and 3 we have

1

ZU() ADHM—[l](H)(x; t) = (Tt (4.36)
— 1T — T
1+
U(2) ADHM-[1](H . _
TU@®) CH) (g, 4) = 1wl 21w )12 (4.37)
ZU(3) ADHM-[1](H) (z:1) = 1+ +8@@+aH+tt+ 6
(1 —t2)(1 - 222)(1 - 823)(1 — tz 1) (1 — 222)(1 — Bz —3)”

(4.38)

The Higgs index is related to the 2-point function of the Wilson lines in the symmetric
representations for N' = 8 SYM theory. It follows that it is identified with the large N
normalized 2-point function

TUN) ADEM[(H) (. ) — <W(N)Wm

Alternatively, it can be expanded with respect to the 2-point functions of the symmetric
Wilson lines for ' = 8 SYM theory

WV =8 U(co)(H) (. ¢). (4.39)

[e.9]

ZUW) ADHM-QI(H) (4 ) — Z<W(k)W

(E)>N =8 UMD (g5, ¢)¢2F. (4.40)
k=0

Since the ADHM theories with [ > 0 contain antifundamental (resp. fundamental) chiral
multiplets as constituents of the Higgs branch operators, the Wilson line operator transforming
in the tensor product of fundamental (resp. antifundamental) representations can attach the
Higgs operators so that the 1-point function does not vanish. The 1-point function of the
Wilson line in the rank-k antisymmetric representation is given by

(W) ") ADHM-QICH) (3 415 ¢)

- o+ (@) +n(N) =3, afA] pnla)+n(N) =3, afX; af — @y (4.41)
! 5 (85 42) N () [T (425 42) 1y () =1 A ' '
o/ N =k *
L(a)<N
(NN
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The dependence on the flavor fugacity y; simply shows up as an overall factor y; ¥ More gener-
ally, from the integration (4.33) it is easy to see that the correlation function (W,\1 W, War

o Wp—n)U(N) ADHM-1J(H) depends on y; only through the overall factor e L Ipl
For simplicity, we set y; to unity in the following.
For example, when N = 1 and k = 1 the sum is taken over the Young diagrams with
a single row. One finds

t 2l B2 g3
Wi U(D) ADHM-[1](H) (4. ¢) —
(Wa) Y= et T e T T T1ow T
t
= . 4.42
(1 —tx)(1 -tz (442)
For N = 2 and £k = 1 we have
<WD>U(2) ADHM-[1](H) (LL‘; t)
ot 271 N 32 N Aty 3 N 50274 N
S (l-tw)? (1-t)? (I-tx)?  (1—tz)?  (1—tx)?
fk —k+1 t
= ) 4.43
Z (1—tx)? (1 —tr)?(1 — to—1)2 ( )

We observe that the 1-point function (4.43) is factorized as

<WEI>U(2) ADHM-[1](H) (l’; f) — <WD>U(1) ADHM-[1](H) (.T; t)IU(l) ADHM-[1](H) (l‘; ’[). (444)

For N = 3 and £k = 1 we find

U(3) ADHM-[1](H) (... ¢\ _ t+
UG Y@ = e e ey (445)

We note that the 1-point function (4.45) is decomposed as

<WD>U(3) ADHM-[1](H) (l’; f) — <WD>U(1) ADHM-[1](H) (CC; t)IU(2) ADHM-[1](H) (l‘; Jt) (446)

We can also compute the 1-point functions of the Wilson lines in the higher rank
antisymmetric representations. For N = 2 and k = 2 we get

<WB>U(2) ADHM-(1](H) (ZC; f)

- Bz n tr~! + thp—2 + o1 + 20273
C (tte)y (1 — )2 (1—tx)?  (tz;tz)s (1—tx)?

n 2674 n t73 n 3tz 5
(1—tx)?  (tz;tx)o (1—tx)?

io: [( 1)f2k —2k+2 t2k+1x2k+3> kt2k+1x2k+1]

=1 (1—tx)? + (tz; tx)s (1—tx)?

_ tx+azt)
T 1-tr)(1 - 222)(1 -tz (1 - 2z2) (4.47)
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For N = 3 and k£ = 2 we find

(W) UB) ADHML(H) (. ¢y — Bz +a2 ) (4.48)
H T (1 —t)2(1 - 222)(1 — e )2(1 — 2a?) '

For N = 3 and k¥ = 3 we obtain
<W >U(3) ADHM—[l}(H)(x; ’t)
P+t +r+z7 +273) +2)

N (1I—tz)(1— 222)(1 — 823)(1 — tz~1)(1 — Lz 2)(1 — B3z 3)" (4.49)

We find that the 1-point function of the Wilson line in the rank-k antisymmetric

representation can be factorized as
<W(1k)>U(N) ADHM-[l](H)(l,; f) _ <W(1k)>U(k) ADHM-[1](H) (l‘; {)IU(N — k) ADHM-[1](H) (J}; t)
(4.50)

for N > k. As we explain in section 4.3.1, this relation can be derived analytically by using
the refined topological vertex. Hence the 1-point function of the rank-% antisymmetric Wilson
line for the U(/N) ADHM theory can be determined by that of the lower rank U(k) ADHM
theory and the Higgs index of the lower rank U(N — k) ADHM theory.

Similarly, the 1-point function of the Wilson line in the rank-k symmetric representation
is evaluated as

<W(k)>U(N) ADHM-[1](H) (l‘; t)

o+ +n(a/N+n(@)+n(N) =3, afX,  nla/N+n(@)+n(N) =Y, ajX; [a( Y +1]
X
i>1
- tx

= (tz;t2) Ng(a) [Ljm1 (423 42) 1y, (@) o — X
la/N=k
L(a)<N
LN
(4.51)
For example, when N = 2 and k = 2, we obtain
<WD]>U(2) ADHM-[1](H) (:IZ; t)
_ t2 N tix? N 3! N B (tr; tr)o
S\ —t2)? (totx)e (1 —tx)? (1 —tx)*
N 42 N 0 N 40573 N P73 (tw; tr)o N
(1—tx)?  (tx;tz)s (1—tx)? (1—tx)*
B i (:))k, + 1)t2k+2$‘_2k N t2k+43§‘_2k+2 (3]6‘ 4 1)t2k+3l'_2k_1
= (1 — tx)? (tx; t)o (1 — tx)?
t2k+3x—2k)—l(tx; tCU)Q
(1—tx)*
2 1 -1 2 9 2 -2\ _ (4
:t( +tz+a7 )+ L+t +27%) -t (4.52)

(1—tz)(1 —222)(1 —to—1)(1 — 2272) ~
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For rank-3, 4 and 5 symmetric Wilson lines in the U(2) ADHM theory with one fla-

vor we get
<WEED>U(2) ADHM-[1](H) (SC; t)

t3
R [ v T LR GRS

+ 8@ e+t 273 -+ O(—x — 27, (4.53)
<WEEEI]>U(2) ADHM-[1](H) (x; ’L)

tt B .
N (1 —tx)(1 —222)(1 — tz—1)(1 — t2272) I+tlz+a ) +EQ+22+272)

+8@B e+ v+ )+ + 22+ 242 + O (-2
+10(—1 — 2 — 272)), (4.54)
<W >U(2) ADHM-[1](H) (CC; t)

&
T 1-to)(1 - 222)(1 -tz (1 — 2z2) 1+tz+az ) +E2+2*+27?)

+ t3(aj3 +o+az + :v_3) + t4(x4 +a22+a 2+ z_4) + t5(:v5 +3+ 3+ x_5)
+0(-1—a2? -2 )+t (—2® —z -2t —273)). (4.55)

It is straightforward to extend the analyses to the multi-point functions. The 2-point
function of the Wilson line in the rank-k antisymmetric representation is
JUN) ADEM-[1)(H) (.. )

AN+ () =37, Mg (V) +n() =32, M

(tz3t2) N p(a) [ j>1 (425 42) (o)

adA,u
lao/ M=o/ p|=k
L(a)<N
O L) <N

/ / / /
a; — QG Q= A
<] { . ] [ . ] . (4.56)
tr tr

For N =2 and k£ = 1 we obtain the 2-point function of the Wilson lines in the fundamental

representation

1+
(1—tz)2(1 -tz 1)’

(W) U ADHM-[U(E) () _ (4.57)
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For N = 3 and k£ = 1 we find the 2-point function of the Wilson lines in the fundamental
representation

1+2@ + 8+ )+t
(1 —t2)2(1 — 222)(1 — tz—1)2(1 — 22 2)

(Wi W) V@) ADHM-IH) (4 (4.58)

The 2-point function of the Wilson line in the rank-k symmetric representation is

<W(k) W@))U(N) ADHM-[1](H) (.’L‘; ’L)

(Al +ne/X)+n(a/ ) (N +n(un) =3, N

ad\u (tx;tx)N—Z(a) szl(tm;tx)mj(a)
o/ Al=a/jul=k
L(a)<N
LA) ()N
A\ A\
« xn(a/)\)—i-n(a/,u)—i—n(/\)—i-n(u)—Zi N H [ai )\z+1] [az H—l] ‘ (459)
: L\ o — il
i>1 a; 7 @ ) My t

For N = 2 and £ = 2 we find

<WEDWE> U(2) ADHM-[1](H) ({)

A+ 1 +tz+zH)+E22+22+27 )+ 8@ +27h)

_ . A

(1= t2)(1— €29(1 — tw (1 — L 2) (4.60)
For N = 2 and k£ — oo, we find
2\2
_\U(2) ADEM-[1] .. ¢y _ 1+ ) 461
Wioo) Wise)) @Y= i wra el —w Pa a6
The normalized correlator is
2

(Wioo) Wi ' AP (2 4) = Lt (4.62)

(1—tz)(1 -tz 1)
For N = 3 and k£ = 2 we get

(Wen W) V(®) ADHM-LIGEH) (4 4)

1 2 2 -2 3 —1
= I wri e w1 gy T AT ) 2 2

+ttd+202 20 )+ (P 420 4 20 )+ (1 + 2 ) T (-2 - 8.

(4.63)
4.1.5 ADHM with I =1 in grand canonical ensemble
Let us consider the grand canonical index
oo
E(u;x;t) := Z ZVN) ADHM-OJ(H) (4. 4,V (4.64)
N=0
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It is given by [31]

b 1 e 1
=(us 23 ) 1__[ 1 — ut2m 1:[ (1 — ut2mtngn)(1 — ut2mtng—n)’ (4.65)
m=0 n=1
It satisfies the difference equation
E(utz; z;t) = (u; tr 7)o B(u; 25 t). (4.66)

By expanding the both sides with respect to u, we find the recurrence relation

1 = tha™

ZU(N) ADHN[I(H) (¢, 1 V) ADEM-QUCH) (¢ 0y - (4.67)

11— tNgN 7;] (tz= Ltz )Ny
This generalizes the relation for the unflavored indices in [96].

4.1.6 Large N limit of U(N) ADHM with [l =1

In the large N limit N — oo, the index is

s 1

7U(o0) ADHM-[l}(H)(x;t) H H H , (4.68)
t2n bt _1 t2m+nxn)(1 _ t2m+n1~—n)

which precisely agrees with the large N normalized 2-point function (4.32).
From the algebraic relation (4.50), the large N limit of the normalized 1-point function
of the Wilson line in the rank-k antisymmetric representation is given by

<W(1k)>U(OO) ADHM-[1](H) (IL'; t) — <W(1k)>U(k) ADHM-[1](H) (x; t), (469)

where we have set y; = 1.

We find that the large N normalized 1-point function of the Wilson line in the rank-k
symmetric representation is equal to the Higgs index of the U(k) ADHM theory with one
flavor up to the overall factor

<W(k)>U(oo) ADHM-[1](H) (l‘; f) — kaU(k) ADHM-[1](H) (CL‘; f). (4‘70)

We find that the large N normalized 2-point function of the Wilson lines in the fun-
damental representation is given by

1— (z+2 )t + 2t

_\U(co) ADHM-[1](H) (.. £\ — . 4.71
(WeWg) @Y = - wra - w2 (4.71)
In the unflavored limit we obtain
- ) 12t + 2{2 n

n>0

which is the generating function for the cake number C,,.
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Unlike the Coulomb limit, there exists non-trivial 1-point functions. Taking this into
account, let us define the connected 2-point function of the Wilson line operators in the
fundamental representation by

<W[]W > U(oo) ADHM- [1](H)( )
_ <WEIWE> U(oo) ADHM-[1](H (ZL‘; t) o <WEI>U(OO) ADHM-[1](H) ($; t) <WE>U(OO) ADHM-[1](H) (l‘; t)
(4.73)

Then we find

1
(1—tz)(1—tz~1)

(W W)U (0e) ADHM-(1ICH) (. ¢y — (4.74)

This precisely agrees with the Higgs index (or equivalently Coulomb index) of the U(1)
ADHM theory with [ = 1. The corresponding single particle index is

i (@) = PL[<waf>U<°°>ADHM-“1<H> (23 )
_ Z p(d log [(WrWes >U(oo) ADHM—[l](H)(xd;td)]
d>1
=tz 4tz (4.75)
This is expected to count two bosonic scalar fields in the spectrum of the quantum fluctuations
on the gravity dual geometry.
4.1.7 U(N) ADHM withl > 1

For general U(N) ADHM theory with multiple [ > 1 flavors the Higgs limit (4.1) of the line
defect index takes the form (4.2). One can adopt the same strategy to find the expressions.
First, the integrand can be expanded with respect to the Hall-Littlewood functions according
to the identity (4.34). Repeatedly using the Pieri rule [94]

N Ai = Hig
P,(s;t) H = Z A=l gn (A1) H [ N Py(s5t), (4.76)
=1 ¢ i>1

the integral can be calculated from the orthogonality (3.4) of the Hall-Littlewood functions.
Accordingly, we get an exact formula for the Higgs index for the U(N) ADHM theory with

[ flavors as nested sums’

7U(N) ADHM-[1](H) (2, Yas )

1
- 2 2 (tzs t2) N o) [Tj>1 (825 42) )

y:)\(l)DA(U y:“(l)ju(1>

2"’“’21 1[ (A@HD /2@ (et D) /(@) - ZDl)\(l);#(l);

"Also the Higgs index can be expanded in terms of the modified Hall-Littlewood function as discussed
in [27].
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l
-1 / /
Aa+1) sy (@) (at1) 7, (]S~ AL, 1)7 () [_|\(a=1)|_1,, () (a—1)
g 2oamo[PACTD /N fn(ulorD fulen] =37, A 1 S Tl T

a=1
-1 )\(a+1) )\(a); M(a+1){ _ M(a);
<1111 Tl H (4.77)
a=0i>1 (a+1) )\(a)i . M(O‘H) ,U(a) y

Here the partitions (@) and p(®) in the sequence satisfy £(A(Y) < N and £(u(®) < N. We
have set A(® = @ and u = 0.
For example, for (N,l) = (1,2) and (2,2) we have

: 14
7U(1) ADHM-[2](H) (2, Ya; t) = Ty tony;F)j (4.78)

7U(2) ADHM-2](H) (. 4y
- 1
T (1 - tad) (1 — 2aE2) (1 — Ry ) (1 - Bayfyd ) (1 - B lyfyd)

+(w+a )+ 28 + (—aT iy — 2Ty + (1 — gy

(1+2¢

+ (—aFyiyd — oty ) + (1 — yifyd) e + (—atyfyd — aFyfy)t + 2¢f
4 (z+ 7 4 2e! 4 ¢, (4.79)

The 1-point function of the Wilson line in the rank-%£ antisymmetric representation

can be expanded as

<W(1k)>U(N) ADHM-[Z](H)(% Yo )

> ¥ 1
oA 5 AD) =D 5. (1) (t'rv t‘IE)]V—E(I/) H]Zl (t’ﬂ, tm)m] (v)
l—IA0) =k

2‘1,| /H‘Zl 1[ (AHD) /() pp (et D) /pu(e))] - ZiZlAu);M(l);

l
5= « «@ «@ [e% — —
>0 [T /@) (et D) fulen)] 37 AW TT 1= =l e

X T
a=1
H 1 At )\(a);H plet)! N(a);H A7 — /\(l);Jrl (1.50)
X .
a=0i>1 )\(‘Hl) )\(a); t M(QH) u(a)' t )\(l); — .

4.1.8 Large N limit of U(N) ADHM with [l > 1

In the large N limit, we encounter simple expressions of line defect indices. We list several
results in the following. We find that the normalized 1-point function of the charged Wilson
line is given by

U(o0) ADHM-[l](H) ) = Yoyt 481
) (#:90i) = A" mem 1 — o)’ (4.81)
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The large N limit of the normalized 2-point function of the Wilson line in the fundamental
representation and that in the antifundamental representation is

1—(z +x—1)t+(l+1+z yy)t2
» \U(co) ADHM-[I](H) ) — i<j Yi Yj 489

Again the connected 2-point function of the Wilson line operators in the fundamental
representation is given by

<W[]W > ) ADHM-[I](H) (1‘7 Yo f) _ <WD>U(OO) ADHM-[I|(H) (1,7 Yo f) <WE
1
alrEETeE—t (4.83)

While the large N normalized 1-point function and 2-point function depend on the flavor

>U(oo) ADHM-[I|(H) (1,7 Yo t)

fugacities y,, the connected 2-point function turns out to be independent of them. Again
the corresponding single particle index is

_ Z p(d log WDW ) U(oo )ADHM-[l}(H)(xd;td)]
a>1

=tr +tr !, (4.84)

which is expected to count the two bosonic scalars in the spectrum of the fluctuation modes
on the dual geometry.

4.2 JK residue sums

In the previous section we have studied the Higgs line defect indices by using extensively
the method of Hall-Littlewood expansion. While this method is powerful and applicable for
Wilson lines in any representations, it becomes rather difficult to perform the infinite sums
whereas it gives rise to the small t-expansions. In this subsection and the next subsection, we
explain alternative techniques to evaluate the Higgs indices of the ADHM theory: (i) the
direct evaluation of the integrations (4.2) by finite residue sum and (ii) the method of refined
topological vertex. For simplicity, here we consider in method (i) only the correlation functions
of Wilson lines in symmetric representations or antisymmetric representations while in method
(ii) only the correlation functions of Wilson lines in antisymmetric representations. While
in these methods it is rather non-trivial to extend the calculation to Wilson lines in more
general representations, both methods can give the indices as closed-form expressions a priori.

First let us explain the method (i), which allows us to study the correlation functions of
Wilson lines in (anti)symmetric representation through the generating function

F(afa b]7 Cr, d], Ty Yo {)U(N)ADHM'[I](H)

B (1-N N ds; HI 1(1+arsi)(1 4 brs; )
© N (1 — 2zEyN /zl_[ ' H V(1 —crsi) (1 —drs;h)

1 2mis; i

Hf\ij I (1—s7'sfH)(1 - ils;”) 1
z<] [T (1—t(si 5;1$i/1)ﬂ) I, fo:l [Te(1 — t(siya)™")
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_ k1 ko ko 1.km41 1 Ema2 kom Kom+1 _k2m+2 komin jk2m+nt1
= Z artag® by by DT e et dy
k1,k2, k2m+42n>0

X d]2<?2m+n+2 . d7k1:2m+2n

<H W(1k1)W(71km+,) H W(kgmH)W(kMMH)>U(N)ADHM_[Z](H) (%, Yar t). (4.85)
= =1

For this purpose we consider the following integration

FUN)-[t.m](H)

e [T e I 11
N' H xilt 2mis; " 1<j £, :I:’ t( :Eill ! i=la=11— fS_ly&Z)
(4.86)
which we shall call an auxiliary index, where
(1 )(1 b
HHI 1(1+arsi)(1+brs; HH ilsﬂFl fQS?EIS?) (4.87)

i=1 H (1_ty ) i<j

is the “regular factor” (although A, has poles at s; =0 and s; = t_l(y,(ll))_l, these poles
does not contribute in the calculation with JK residue prescription explained below).
The generating function (4.85) is given by the auxiliary index as

Far, br, e, dr; @, ya; ) VAPINIUD — ZUR-AE R mi(H) W =y @ =y, 0y (A8
( )_t 1CI,yl(+)I—f_1dI
Let us expand the auxiliary index (4.86) as
=U(N)-[lm T ki s 1 2U(N)-[Lm] (H
FUN)-[L;m](H) Z HaIIbI szl(,---),k[m]( )’ (4.89)

ki, kam >0 I=1
Then the expansion coefficients satisfy the following symmetries
=U(N)-[l,m ~U(N)-[l,m](H
T (0 y @) = 7R W@, (4.90)
ZU(N)-[l,m U(N)-[l,m](H
T )y = T sz o WD) (4.91)

This implies that the correlation functions of Wilson lines satisfy the following symmetries

N - U(N) ADHM-[I](H .
<H W(lkI)W(lkm+1) H W(k2m+1)W(k2m+n+1)> () I )(:c, Ya; t)
I=1
= <H W(lka 1) H W(k2m+n+I)W(k2m+I)>U(N) ADHM-[I](H) (z, y;l; 0,

N _ U(N) ADHM-[I|(H .
<IH W(lkI)W(lkm+I) II[ W(k2m+I)W(k'2m+n+[)> ( ) [ }( )(x7 yaﬂ t)
=1 =1

n

e A -1l .

= <W/(lj\’*km‘*‘l)Vv(lf\’—kl) H W(lkf (1F1) H (k2m4n+1) k2m+1)>U(N) DM [](H)(% Yai t).
=2 I=1

(4.92)
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First let us consider the case with m < [ so that the integrand of the auxiliary index (4.86)
does not have a pole at s; = 0. In this case, the auxiliary index (4.86) can be evaluated by the
JK residue prescription [42, 45, 97, 98] which goes as follows. First we choose an N-dimensional

real vector n called “reference vector”. Here we shall choose it as n = (—1,—1,---,—1).
Second, we pick N factors {ga(s1,---,sn)}2,; from the denominators 1 — t(sis; Sl &L
and 1 — ts; 1y((x2) so that it satisfies the following conditions:®
o Condition 1: the intersection of N hyperplanes g,(s1,---,sn) = 0 gives a single point
(Siga}’ Sgg“}, . j\?a})’

¢ Condition 2: define an N-dimensional vector v for each factor as
1 1
= o > v= (v, UN). 4.93
ga(817"‘7SN) 1_( ) le ( ) ( )

Then we require that the cone {Zivzl TaVq|Ta > O} defined from the vectors v, associated
with the chosen IV factors contain the reference vector 7.

Now the integration (4.86) is evaluated by summing the iterative residue for each choice of
the N factors {g,} in the denominator of the integrand of (4.86), as

FUWN)-[l;m](H) _ iy}gN)—[l,m}(H) (m < 1) (4.94)
with
oo, 1— )N !
Ui _ ( > At =
7" N (1 - 2#1)N {QZ} LE i,ym 1 tsisy a1t

(not in {ga})

1 1

X I ——= : (4.95)
fia 1oty | H
(not in {ga}) si _>8{ga}

where in the product []y 4/ ,;; in the first line the index (£, +’,4,j) runs over those for which
1—t(s;s; “LeE1)EL does not belong to {gq}, while in the product [l ;o in the second line the
index (j:, i, ) runs over those for which 1—ts;” 1y£3) does not belong to {g,}, and H is given by
aga(SL ) SN>]

H =
1<a,j<N asj'

(4.96)

Note that even when a choice of N factors {g,} satisfies the above two condition, it does not
contribute to the auxiliary index (4.86) if the regular factor (4.87) evaluated at the intersection
sz{g“} is zero, namely if s{g“} = s{g“} or s{ga} =t’s {g”} for a pair of (i,4).Y As found in [43-45],

(1)

8Here we have excluded the factors 1 — tsiye ~ in the denominator of A,, (4.87) from the candidates since

any choice containing these factors turns out to violate the Condition 2.
9Note however that for N > 4 there are choices of {g,} where the intersection point satisfies s{g“} =t {g o}
but at the same time the denominator has a double pole (see e.g. [45]). In these cases the zero in the regular

factor A; ., (4.87) and the double pole cancels with each other and hence the residue can be non-vanishing.
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the choices of N factors {g,} with non-vanishing residues are characterized by sets of I
Young diagrams AW A®) ... AD gatisfying Zla:l \)\(a)] = N, up to the permutation of
(s1,-++,sn) which gives an identical contribution to the auxiliary index. More concretely,
each of s1,---, sy corresponds to one of the N boxes in the [ Young diagrams which are
drawn by associating the factor 1 — ts; ! ( ) ¢ {g9.} with the box of s; on top-left box in
the a-th Young diagram and the factor 1 — tsis; lpEl e {9a} with the box of s; attached
horizontally /vertically to the box s;. As examples, in table 1 we list the correspondence
between {g,} and (A, X)) for N = 3 and | = 2. Evaluating the residue for each choice
of the N intersections {g,}, we finally obtain the following formula

(2)
: N)\(a) (Z) t2 ya
SU(N)-[l,m](H) 1 1 us)
Tk = Z H
3

2NI 2 1
t ADLAD @=L (%)) Nie o255y
(i mer=n) "
I m
X H H e o(—artyP Ny e (—brt(yP) ™), (4.97)

where N ,(u) is so-called Nekrasov factor which is defined as (B.7). Note that when
y(l) @ — 1 for all a = 1,2,---,1 the formula (4.97) reduces to the known formula for the
N-instanton partition function of the 5d /' =1 U(l) Yang-Mills theory with m fundamental
and m anti-fundamental matter fields [43, 44] (see also [45]).

Here we list some examples of the generating function (4.85). For [ = 0 we have

Z k1 gk2 <W(k1)W@)>N:8 U(2)(H) (3 1)
k1,k2>0
-+ 48— —2)+df(—a -+ t+ 7))
B (1 —cd) [1L(1 — cdz®t)(1 — at1t) (1 — 2%2¢2) ’

D R (W Wiy V7 PO s
k1,k2>0

(4.98)

1— ¢t
(1 —cd) T1L(1 — cdzEr) (1 — cdr®2e2) (1 — aE1e) (1 — 2E262) (1 — 21383)

X [1 + 8+t (=) + (e —) + (21— (2P )+ 8
+cdt? {1 + (2 -1-2)+ 83— -z -2} + M (272 +1-2?)
@ +r e+ 2+ C@ ™t a2 + @+ + o 428
48—z 241 -H+ (- -zt —r - )+ (2 -1 -2 + tlﬂ
+PPE 1+t + %) + (-2 2+ 1 - 2) + (27 —2) + (-2 — 2?)

+ 4 ¢ (4.99)
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{9a} (A1, A2)

{1- tsflyf), 1-— tsglyf), 1 —tsys3'a} (o, )

{1- tsl_lyf), 1—ts; yg ) 1- ts1s; 'a} (O,m)

{1 ts y() 1—tsy () l—tsls x 1} (E],D)
{1 —tsy yg ), 1—tsy yg ), 1—tsysy o1} (EBE]
(1—ts7 '\ ? 1 —tsysy 'w, 1 — tsys3 'a 1) (Ep, V))

{1—tsy y§ )1- ts185 '@, 1 — tsgsy ta} (o, 0)

{1 —ts7'y?, 1 — tsrsy a1, 1 — tspsy w1} <E’ ®>

{1- tsl_lyg), 1 —tsysy e, 1 — tsysy ta !} (@,Ep)

{1—ts] yé ), 1 —ts1s5 a1 — tsgsy '} (0, )

(1 —ts7 '8P 1 —tsysy 'L 1 — tspsy la 1) (@ﬁ

Table 1. Choice of N = 3 factors {g,} (up to permutations of (s1,s2,s3)) in the denominator of
the integrand of the auxiliary index ZY(®3)-2:m](H) (4.86) with non-vanishing residues, and the pair of
Young diagrams associated with each {g,}.

For | = 1 we have
- ] 1+ —(z+a)ett
k U(2)ADHM-[1](H) (.. ¢\ _
];]C <W(k)> (ﬂf,t) (1—Ct) Hi(l—l'ilt)(l—l’i2t2)(1—6$i1t2)7
Z Ck<W(k)>U(3) ADHM—[I](H) (33, t)
k=0

1
T (1=t TIo(1 — tr=1)(1 — 2252) (1 — 83253) (1 — ca=182) (1 — ca=23)

+ O+ 20 - @1+ ) - (@Bt 28 - (P )t — (p 2P

1+ + (z+2 Hed

— (@42 O e+ 00+ (P 4+ 273+ )P, (4.100)

where we have set y; = 1 since the y;-dependences are trivial, as explained below (4.41) in
section 4.1.4. For Il = 1 and | > 2 we have

i ) ADHML[I () 0 1 zl: 1 ﬁ 1 1
TyYa;t) = — -
=0 U ML wE) S ate i T G L0

(4.101)

These generating functions precisely reproduce the 1-point functions of Wilson line in symmet-
ric representations obtained by the Hall-Littlewood expansion (4.43), (4.45), (4.52)—(4.55).
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One can also obtain the generating function for the diagonal 2-point functions

(W(lk)W(l—k))U(N)ADHM'[”(H) (x,Ya; t) or <W(k)W(E)>U(N)ADHM'[”(H)(w,ya; t) from the generat-
ing function F'(a,b,c,d; z, yq; t)U(N)ADHM‘[l](H) (4.85) by collecting only the expansion coeffi-
cients of (ab)*’s or (cd)*’s, and then resumming them. For the diagonal 2-point correlator of the

antisymmetric Wilson lines, this can be performed directly since F(a,b,0,0; z, yq; t)VV)APHM-(H)

is a finite order polynomial in a, b. For the diagonal 2-point correlator of the symmetric Wilson
lines, an efficient way to perform this resummation is to consider the following integration

a U(N)ADHM-[I](H)
Za ) VIDADENELD (g ) (O,O,G’,;fv,ya;t> ,
2mia’ a’

(4.102)
which can be evaluated by picking the residues at the poles in |a/| < 1 under the assumption of
la] = 1 and |t| < 1, or more explicitly the residues at a’ = at,at?, - --. For example, we obtain

2 2 44
Z Wy W U(z)ADHM_m(H)(x,t) _ 1+t +a(t®+t%)
(k) T (1= a) 1L — azFl) (1 — zH 1) (1 — 272¢2)

(4.103)

Z a U(3)ADHM-[1}( ) (2: )
1

- (1—a)(1—at?®) 1L (1 — aztlt)(1 — az®242)(1 — zH1t) (1 — aH242)(1 — 213¢3)
X(1+E€+8@  +a)+t1+¢
+ a1 +t207 +22) + (2 424+ 22) + 8227 +22) + (a2 + 3+ 2?)
+ t5(x_1 + :U) — (272 + 2?)]
+ a*8[z2 —tz ) a4+ 3+2Y) -2 +22) — @+ 24 2?)
t5(2:r; + 23:) 0]
+ a1 - -3 + ) - ¢ - ). (4.104)

Again, the expansion coefficients of these generating functions correctly reproduce the results
obtained by the Hall-Littlewood expansion (4.57), (4.58), (4.60) and (4.63).

Note that the generating functions become complicated quickly as N increases, both
for the generic multi-point functions and for the diagonal 2-point functions. Nevertheless,
we can study the large N behavior for small representations by focusing only on the first
few terms of the generating functions expanded in the fugacities. For example we find
(WWig) V() ADEM-IIUH) (2: ) as (4.82) and

<WD3WE>U(OO)ADHM-[1](H) (JJ; t)
1

- T (1— tz¥1)2(1 — 22%2)2 (

+ @3t e+ )+ (43272 =32+ (—a =)0 4 (52072 — 222)10 4-3¢%).

(4.105)

I+ (—zt—2)t+ (3 —a 2 -2
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We can further calculate the closed-form expressions for the correlators of Wilson lines
in U(N) ADHM theory with [ > 2 flavors, which are hard in the Hall-Littlewood expansion.
We display these results and more results for [ = 1 with z = y, = 1 in appendix E.2.

4.2.1 Auxiliary index ZUMN)-[bmI(H) with m =1

Lastly let us elaborate the subtlety of our formula (4.97) (or (4.95)) for m > [. As we

mentioned below (4.92), when m > [ the integrand of the auxiliary index ZUM)-l.mI(H) (4 86)
—(m+1-1) (N)-[t;m] (H)

i , hence the residue sum (4.97) is insufficient for evaluating ZY
For the terms which is proportional to aﬁ ar, - ag and does not contain by, by, - - - by, with
arbitrary subsets of the indices {I1,---, I}, {J1,---,J4} C {1,---,m}, however, the order

of the pole at the origin is modified as sl-_(mﬂ_l_p_q)

has a pole s

, and hence the residue sum (4.97)
gives the correct answer if m < [+ p + ¢. In this way we can calculate for example the
1-point functions <W(1k)>U(N ) ADHM-QU(H) (g ) - 4) by (4.97), which precisely reproduces those
obtained by the Hall-Littlewood expansion (4.47), (4.48) and (4.49). We can also calculate
the following mixed generating functions for [ = 1 which are not included in the generating
function for the symmetric Wilson lines F'(0,0, ¢z, dr; 2; t)U(N) ADHM-[1](H),

B+ -1+ )0
(1 —ct) 1L (1 — atlet?)(1 — aF1t) (1 — 2+2¢2)’

Z Ck<WBW(k)>U(2) ADHM-[1)(H) (z:8) =

k>0
(4.106)

Z dk<WE]W(E)>U(2) ADHM-[1](H) ($; t)
k>0
- : (Cleta)

(1 — dt) I (1 — 251d2) (1 — 2F10)(1 — 25262

+ 1+ @+ N+ (z+2HE - (@ +2+ 27 )th)d

tatrt—(r+a Y - @2 +2+27)8 — (2t D+ (@ 2+ 270

+ (z 4+ 27 H5)d?
+ (14 (+zHe+ ¢ = (z+27HP)d®), (4.107)

where we have set y; = 1.

As we have mentioned above, when [ is small the JK residue sum (4.97) gives incorrect
answer to some of the coefficients of b; as correlators including W 17,. However, we can
still obtain the closed-form expression of some of these coefficients indirectly from (4.97) by
using the symmetry (4.92) or noting W(Tl) = Wq), which can be calculated through the

insertion of l—dls‘l in ZUW)-lHLmIH) (4 86).

Interestingly, we find that the correct auxiliary index ZVV)-lml(H) ig obtained from
ZUWN)-lm+1m|(H) — fPéN)'[mH’mMH), which can be evaluated by the JK residue formula (4.97),
by simply taking the limit y&l),y((f) —0fora=1I04+1,---,m+1in fyéN)'[mH’m}(H). By

assuming this prescription we can also calculate for example the correlators involving W(ﬁ)
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with k£ > 2 for the U(N) ADHM theory with [ = 1 flavor. As a result we obtain

1+ )1 +28 + 32z +22) + t* (272 + 3 + 2?2))

<WBWE>U(4) ADHM-[1](H) (l’; t) _ 7

[ (1 — 2F14)2(1 — 2+2¢2)2
(4.108)

<WBWE>U(5) ADHM-[1](H) (.I'; t)

B [1e(1 — 2E16)2(1 — 2%2¢2)2(1 — xi3t3)(

1
1432 4+ 8Bz +32) + 42272 + 7+ 227)

+ 0@ 3+ 7 F 724 23) + OB 12+ 527) + 72273 + 927 4+ 92 + 227)

+ 8@ 522+ 10+ 527 + 2 + O (@3 + 57 + 52+ 23) + 0272 4 3+ 22)),
(4.109)

<WBWE>U(6) ADHM-[1](H) (l’, t)

1

1+3 + (3271 +3
(1 — 25102(1 — 2222)2(1 — 2536 (1 — $i4t4)< +38 + (327 + 32)

+t1 B2 + 8+ 322) + (2273 + 9271 + 92 + 22°)

+ (@™ 11272 419 + 1122 + 2b) + (7273 + 2127 + 21z + 723)

+ (5271 + 22272 4 33 + 2222 4 5a?)

+ 9227 4 14273 + 3207 + 32 + 1423 + 225)

+ 10270 + 827 + 27272 + 40 + 272% 4 82 + 20)

+ 11 (2275 + 14273 + 3127 4 312 4 142® + 22°)

+ t12(27% + 627 + 20272 + 31 + 2022 + 62 + 2°)

+ 3@+ T2+ 172+ 1T 4+ T2 + 2%) + (207 + 8272 + 14 + 82% + 227)

+ @3 45 45z 4+ 2% + 5272 + 3+ 22)), (4.110)

<W Wf U(G) ADHM—[I](H) (ﬁ[f, t)

g)
1

Hi(l _ wilt)Q(l _ x:l:2{2)2(1 _ :U:t3f3)

S(1+38 + (4o +4z) + ' (3272 + 9 + 327)

+ 602273 + 12271 + 1220 + 223) + (2™ + 12272 4 26 4 1222 + 2?)
+t7(8273 + 28271 4 28z + 823) + ¥ (51 + 24072 + 43 + 2422 + 5xt)
+t9(227° 4+ 16273 + 42271 + 422 + 1623 + 22°)

+ 10270 4 727t + 28272 + 47 4 2827 4 T2t + 20)
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+ t1(227° + 14273 + 32071 + 322 + 1423 + 225)
+ 2 (270 5 16072 + 27 + 1622 + 52t + 2%) + 134273 + 10271 + 102 + 42?)

+ (272 + 4 + 2?)). (4.111)

See appendix E.2 for more results in the unflavored limit.

Moreover, we observe for [ = m = 1 that the correct correlation functions and those
obtained by naively applying (4.97) are related by a simple coefficient in the grand canonical
sum in the rank N. Namely, if we define the grand canonical sum :gfn;ﬁ tl)( ) for the
generating function for ZYN)-[LUMH) with m = 1 whose expansion coefficients are the correct
ones (namely those obtained by the small t expansion of (4.86)) and the grand canonical

sum :Sa{m 1)( ) of the JK residue sum (4.97) with [ = m =1

small t

=(i=m=1) Z JNFUM-LIE) - gl=m=h i DIV-LNED g 112)

then we conjecture that

S (W) LU ety 1
:(l:mzl)(u) 2

=JK nima=0 1+ b(y§ ))_1$n1_n2tn1+n2_1u n=-oc0 1+ b(yg))_lxnt‘n‘_lu
(4.113)

We have checked this formula for all of the expansion coefficients of a1, b1, ¢; and dy in N < 4
by comparing either the closed-form expressions of the coefficients or their small t expansion
to the order O(t%). We observe that the formula (4.113) also generalizes to [ = m > 2 as

sma. _
i = -
—JK (u) ni,n2=0 1—( ( ()>xn1—n2tn1+nz—lu

=11 (4.114)

n=-00 1—< e 1( ﬁ))x”tnl lu

—(l=m - l m = LI(H
:‘imall)t Z uNIU ll](H) ( ) Z N)-[11( ) (4115)
N=0

with

4.3 Refined topological vertex

The (refined) topological vertex can also compute the Higgs limit of the correlation functions
of Wilson lines in the antisymmetric representations in the 3d U(/N) ADHM theory. The
refined topological vertex has already been used to calculate the Nekrasov partition functions
of 5d N =1 U(l) gauge theories with flavors [50, 99-102]. As mentioned in section 4.2, the
N-instanton partition function is related to a generating function for the correlators of Wilson
lines in the antisymmetric representations in the 3d U(N) ADHM theory. Hence it is possible
to use the refined topological vertex to calculate such Wilson line defect correlation functions.
The advantage of using the refined topological vertex is that one can obtain the exact 5d
Nekrasov partition functions by summing up all the instantons when [ = 1.
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Before starting the computation of the refined topological vertex, we first identify a slight
difference between the instanton partition function and the Higgs limit of the Wilson line
correlator. The N-instanton partition function of the 5d N' =1 U(l) gauge theory with N
flavors and the Chern-Simons level « satisfying 2 |x| + Ny < 2 is given by

do; Hz<] [1. 2sinh (M)) ( N Hé‘vzl 5 sinls (%))
o Hi:l Hj=1 2sinh (W) 2 sinh (W)
JR H?fzfl 2sinh (%)
12 I = T1. 2sinh (Mfdm)

ijfn_N'/H

N
o ().
=1
(4.116)

where €4 = % and €1, e are the Q-deformation parameters and a,’s are Coulomb branch
moduli. The N-instanton partition function (4.116) can be rewritten as

I,N IN AN y "
SAVFR 2
2NN — ¢ | | My M:
J=A+1

N

(4.117)
N ds; N E+N A Ny
== [Ta-snm T (1-sm50) ],
o LS, _ _
i=1 j=1 I'=1 J'=A+1

where A is an integer satisfying 0 < A < Ny and

(1 B tg)N Z<] jjn ( ( Sj—l):ﬂ) (1 e (Sisj_l)il)
N (1~ milt) Hz<] [1e £ ( (5133 xiq)il) Hi]\il Hla:l [1e (1 —t(siya)il) |

(4.118)
€1+e €1 —€
Here we have defined t = e~ 2 2, r=e 2 and s; = e?, yo, = e %, M; = e™ for

i=1,--- ,N,a=1,---,[,I=1,---,Ny. Whenwesetﬁ;:A—%, (4.117) becomes

ZN =

LNpw=A-TE Ve N -5
i (TN 7
J=A+1

dsz A Nf . »
:/H27['ZS H(l_SjMI’) H (1_5j MJ,)
i 5 i) P

(4.119)

B —k
- X <—M1>’“~-<—MA>’“A<—MAH> e (=M,
ki,k2, kv >0

U(N) ADHM—[1](H)

<HW1’“I) H Wiy >

J=A+1

Namely the leftmost side of (4.119) gives rise to the generating function for the correlation
functions of Wilson lines in the antisymmetric representations.
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Having identified the relation between the instanton partition function and the Higgs
limit of correlators of Wilson lines in the antisymmetric representations, we turn to the
computation of the instanton partition function (4.116) from the refined topological vertex.
The relation between the topological string partition function and the Nekrasov partition
function comes from the fact that 5d N' = 1 supersymmetric field theories can be realized
from M-theory on non-compact Calabi-Yau threefolds. When the Calabi-Yau threefolds are
toric, one can obtain the Nekrasov partition functions of the 5d theories by applying the
refined topological vertex to the toric diagrams of the Calabi-Yau threefolds. The formulae
of the refined topological vertex are summarized in appendix D.

4.3.1 1-point function in U(N) ADHM with l =1

We first consider the cases with Ny — A < [ in order to avoid poles at s; = 0 for some 7.
Furthermore, we focus on [ = 1 since we can sum over all the instantons. More specifically, the
cases we first consider are (I, Ny, k, A) = (1,0,0,0,0), (1, 1, %, 1). For these choices, the 5d

N
1=1,Nj r=A—=L
partition function Z LAy 2 (4.119) give the generating function of the Higgs indices

ZUWN) ADHM-[1(H) a1 the generating function of the 1-point functions <W(1k)>U(N) ADHM-[1](H)
respectively. The toric diagram which realizes the 5d N' = 1 U(1) gauge theory with Ny
flavors and the Chern-Simons level x satisfying (Ny,x) = (0,0), (1, %) are depicted in
figure 1. When we choose the horizontal direction as the preferred direction and assign ¢
to the upper vertical external legs, the application of the refined topological vertex to the

toric diagrams in figure 1 yields

o0

ZI=1LNp=0,x=0 _ Z aNZﬁ\lzl’Nf:O’“:O7 (4.120)
N=0
A N;=1lx=l & =1,N;=1,r=1
ZimLNr=limh _ gl NS S N gl N =tess (4.121)
N=0
where
B or(Bro(s)—ey) HNj 9 sinh (Ero(s)—ertmr
Z;l,Nf,n — (—)V Z H - =1 <E 22 ), (4.122)
A gen® 2 sinh (7112(8)> 2 sinh (%)
2D |=N
I=1,Np=1r=35 My 2 g2 e —e
L [ Tehr| B UeC Ui o
and

Eop3(s) = aq — ag — erarmy ) (s) + €2 (legys) (s) + 1), (4.124)

with A(©) = (), a9 = 0.19 The notation of (4.124) is slightly different from that of (B.6) and
the subscripts of E,g(s) are labels for the Coulomb branch moduli as well as the Young

%Tn the case of (Ny, k) = (0,0), the different assignment of ¢ and ¢ gives the same result. In the case of
(Ng, k) = (17 %), it turns out that the different assignment of ¢ and ¢ gives rise to the same instanton partition

=l
function inl’ 2 by a rescaling of y;.
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Figure 1. (a) The toric diagram for the 5d U(1) gauge theory with Ny =0, x = 0. (b) The toric

diagram for the 5d U(1) gauge theory with Ny =1, k = %

diagrams. PE[f(z1,---,xy)] represents the plethystic expontential,
© n ... n
PE [£f(21, - ,5)] = exp (:i: 3 M) . (4.125)
n
n=1

In the calculations of the refined topological vertex, we defined the Kéhler parameters as
1
R=aM?y;, Q1 =wyM" (4.126)

for (N¢, k) = (1,%) and R = u for (N¢,x) = (0,0). The partition function (4.122) is
expected to reproduce (4.116) and we have checked the equality until the order t® from
the l-instanton to 5-instantons. We will turn off y; hereafter since it can be absorbed by
the rescaling of M; and u.

We can also apply the refined topological vertex to the toric diagrams in figure 1 with the
preferred direction changed. When we choose the vertical direction as the preferred direction,

we can explicitly sum over the Young diagrams and obtain

r 1 1
N0k utzq2
ZI=1LN;=0,s=0 _ pR o ureqz , 4.127
(1=1)(1—q) 20
vl [ aM s M7\t
ZI=LN;=lr=% _ pR 7 I S L7 ) (4.128)
1-t1-¢ (A-t1-q (1-1)(1-q)

It has been conjectured that the partition functions computed by the refined topological
vertex are independent of the choice of the preferred direction [49, 103, 104] and (4.122)
are expected to agree with (4.127) and (4.128). Since (4.122) is equal to the N-instanton
partition function (4.116), the relation (4.127) and (4.128) imply

ut =
PE [ ] =14 Y gN¢VZUW) ADHM-[IJ(H) 4.129
(I—27)(1—=xt) NE::1 ( )
and
1 _1
i | WM 2 aM, %t
l—z)(Q—at) Q-2 41—t

(4.130)
0o IN—-N / N _
=1+ Y (Ve (_Mf) (Z (=)t (W) [”(H)> .
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The relation (4.130) further implies

’LLtMl
(1— 21 (1 — at

U(N) ADHM-[1](H
PE [— } 1+ Zu DN (Wany) W HED s

1
where u = utM; 2. Then substituting (4.131) and (4.129) into (4.130) gives

, U(N') ADHM-[1](H e " "
<1+ S v W (W) (V') ) )) <1+ S )ADHM—[l](H))

N7=1
N

1+ Z u (Z (=) <W(1k)>U(N) ADHM'[”(H)> .
k=0

(4.132)
The order u™ M} of (4.132) yields
U(k) ADHM-[1)(H) _(;(N_i) ADEM.[1](H) _ U(N) ADHM-[1](H)
(Wey ) TVN-R) W = Wiy ) (4.133)
which reproduces (4.50).
Note that the relation (4.131) can also be written as
E(—tu; x; t) (1 + Z Wy y) UOY) ADHM-[L(H )(a:;t)> =1, (4.134)

where Z(u; x;t) = 3% ZVW) ADHM-IUUH) (22 )4V s the grand canonical index (4.64). By
expanding this relation in u we find that the 1-point functions <W(1k)>U(N ) ADHM-[I(H) ith
k = N can be calculated recursively in N as

<W(1N)>U(N) ADHM-[1](H) ($; t)
- Z nIU n) ADHM- [1](H)( )<W(1N—n)>U(N_n) ADHM-[1](H) (IL‘; f) + dn 0,

(4.135)

where <W(10)>U(0)ADHM‘[1](H) (z;t) = 1. This relation together with the relation (4.50) allows

(W 1k)>U(N) ADHM-[1](H)

us to express the 1-point functions for all N and k as polynomials

in the Higgs indices 7Y APHM-[II(H) whose coefficients are polynomial in t.

4.3.2 2-point function in U(N) ADHM with [ =1

So far, we have focused on the cases where the integrand (4.116) does not have poles at
s; = 0 since the refined topological vertex computations reproduce the results obtained by
using the JK residues. In section 4.2, the ratio between the correct generating function for
ZVWN)-ILMH) and the one evaluated from the JK residues has been conjectured in (4.113)
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Figure 2. The toric diagram for the 5d U(1) gauge theory with Ny =2, kK = 0.

and the relation implies

> _ U(N) ADHM-[1](H)
d>ouN (—My)™ (—Mp) ™+ <W(1k1)W(1TQ)>
N=0  ki,k2>0

21— My tgmneguitnatly, &0

B U(N) ADHM-[1](H)
douh Ny (—M)™ (M) ™" <W(1k1)W(1TZ)>

B nina=0 1~ My gmmnagutna=ly S k1,k2>0 JK
—1 —157-1
_pE |- My u n T My u
l1-at)(1—z4) (A—at)(1—z1)
s _ U(N) ADHM-[1](H)
SN Y (M) (— M) R <W(1k1)W(1T2)>JK :
N=0  ki,ka>0
(4.136)
U(N) ADHM-[1)(H) | . . . .
<W(1k1)W(1T2)>JK is the 2-point function whose integral is evaluated by the

JK residues.

From (4.119), the 2-point function <W(1k1)W(1TQ) K

applying the refined topological vertex to a toric diagram which realizes the 5d N/ =1 U(1)

U(N) ADHM-[1](H)
> can be computed by

gauge theory with 2 flavors and x = 0. Such a toric diagram is depicted in figure 2. The
application of the refined topological vertex to the toric diagram in figure 2 yields

i~N Z H%ZIQSinh(w>
=" 5T wca 2sinh (2400) o ginh (Zul) e )

AO]=N (4.137)

=PE

1-t1-q  (@=-01-q (A=-00-q¢ (1-t1-9q)
where we assigned
11
R=ay; "M M7, Qi=wuM', P =y M" (4.138)

The left-hand /right-hand side of (4.137) is obtained by choosing the preferred direction in the
horizontal /vertical direction respectively in figure 2. To obtain the left-hand side of (4.137),
we assigned t to the lower parallel external legs.!! We will set y; = 1 since it can be again

1 Again, the different assignment of ¢ and ¢ gives the same result by a rescaling of ;.
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absorbed by rescaling u, M; and My. Then the relation (4.119) gives

0 _ _\N N _ U(N) ADHM—[1](H)
o (e <—M1 2) M2 ST (M) (—My) TR <W(1k1)W(1TQ)>

N=0 k1,k2>0 K
11 11 11 11
R uM; *M,?  at*MP My N utME M, 2 N utM, 2 M3
B l—zt)(l—2z1t) (Q—-azt)(l—2zt) (A—-zt)(Q—-2z ) (A—-zt)(l—a1t)|"
(4.139)
11
When we define u = utM; ? My, (4.139) further becomes
° _ U(N) ADHM-[1](H)
Z uly Z (_Ml)kl (—Ms) k2 <W(1k1)W(172)>JK
N=0  ki,k2>0
_pPE|_ ut_lMgl _ utMy —— uMlMQ_I_ n U _ '
l-zt)y(l—zt) (Q—-at)(l—2aM) (QA-zt)(1—2z"1) (Q1-—zt)(l-—a"1t)
(4.140)
Then combining (4.139) with (4.136) implies
sl _ U(N) ADHM-[1](H)
Sout D (M) (M) Wk W)
N=0  ki,k2>0
_pPE|_ utM _ u’cM{1 I uMlMgl_ n U _ '
l-zt)y(l—zt) (Q—-at)(I—2aM) (A-zt)(1—2z") (Q1—-zt)(l-—a"1t)
(4.141)

In terms of the grand canonical index =(u;x;t), the relation (4.141) is rephrased as

x (Z WS (M) (M) (W W) U ADHM-W<H><m;t>) 1)
N=0 k1,k2>0
Expanding in u, —Mj, (—M>)~!, we obtain the following algebraic relation among the

2-point functions.

Z (_t)N1+N2 <W(1k17N1)W(m)>U(N_N1_N2) ADHM-[1](H) (z;t)

N1,N2
0<Ni<min(k1,N—k2)
0<No<min(N—kq,k2)

N1+No<N

« 7U(N1) ADHM-[1](H) (23 t)IU(NQ) ADHM-[1](H) (2;4)

— 5k1 kQIU(kl) ADHM-[1](H) (CL‘; f)IU(N_kl) ADHM-[1](H) (l‘; f). (4.143)

YUN) ADHM-[U(H) recursively in N,

These relations also allow us to determine <W(1k1)W(172)
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(N) ADHM-[1](H)

k1, ko and express in terms of ZU . For example, we find

(WWs) U@ ADEM-[UICH) (7 4y — (1 4 ¢2)7V(1) ADHM-QI(H) (5, )2 (4.144)
(WigWe) U® ADHM-L(H) (. ¢) — 7U(1) ADHM-[L](H) (., £y7U(2) ADHM-[1J(H) (5 )

+ 27 V(1) ADEM-[UCH) (7. )3, (4.145)
<WBWE>U(3) ADHM-J(H) (5. ¢) = —¢37VU(1) ADHM-[1)(H) (4, )7U(2) ADHM-[LI(H) (. ¢

+ (€4 £3)7V() ADHM-L(H) (4. )3, (4.146)

(WigWi) U@ ADHM-U(H) (. ¢) — 7U(1) ADHM-[1](H) (. £y7U(8) ADHM-(1](H) (5, )

+ {27U(1) ADHM-[U](H) (5. )27U(2) ADHM-[(H) (2.0 ¢)  (4.147)
<WBWE>U(4) ADHM-[1](H) (z:8) = (t — t3)IU(1) ADHM-[1](H) (2; t)2IU(2) ADHM-[1](H) (z;t)

4 ¢37U() ADHM-[1](H) (5. 1y4. (4.148)
<W§WE>U(4) ADHM-[1](H) (z;t) = ¢47U(1) ADHM-[1](H) (2; t)IU(3) ADHM-[l}(H)(x; t)

+ (=2 — 2¢4)7V () ADHM-)(H) (. )27U(2) ADHM-[1)(H) (4. ¢)

4 (2 4 €2V ADHM-L(H) (4 )4 (4.149)
<WBWE>U(4) ADHM-[1](H) (z;0) = (1 + t4)IU(2) ADHM-[1](H) ()2

— 9¢t7U(1) ADENE[I](H) (. )270(2) ADENE[I(H) (5 )

+ (8 + ¢4ZVU(Q) ADEM-[I(H) (5. ()4, (4.150)

It is also interesting to see a relation between the factor (4.113) and the toric diagram
in figure 2. Note that the factor (4.113) can be expressed as

pp|o M G | L (- RO
T a0 10 0200 -270] (- EQPge )

RQ1 P, is associated with the length between the lower external legs of the toric diagram.
The contributions of M2-branes wrapped on a two-cycle between parallel external legs are
called the extra factor, which one removes to obtain the partition function of the UV complete
5d theory realized on the toric diagram [81-84]. In the case of the diagram in figure 2, the
contribution associated with the parallel external legs extending in the lower direction, to
which we assigned ¢ in the refined topological vertex computation, is given by

Zl|<|)wer = H (1 - Rlelqi_lt])_l . (4152)

,j=1

Hence the numerator of (4.151) cancels the extra factor given by (4.152). Namely, we may

interpret the effect of the factor (4.151) as canceling an extra factor associated with parallel

external legs whose contribution is given by the form H;-’j-zl (1- Qq 't ) ~! and then inserting

another factor which is the inverse of the removed extra factor with ¢ replaced Flvith) Qqt—1.
=m

Based on this observation, we can infer the ratio between Egi;qf)t(u) and " (u) for

general [ from the associated toric diagram. For that we consider the case (I, Ny, k, A) =
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(.......................)
~ —_ A
Q1 : PP
X — — X
Q2 )
X X
Qs : P P
A A
Q21-3 Py 3
X — — X
Q212 Py
X X
Q211 Py
(....................................................................................)

!
R[], _, Qa—1P2a—1

Figure 3. The toric diagram for the 5d U(l) gauge theory with Ny = 2I, k = 0.

(1,21,0,1). The toric diagram which realizes the 5d theory is depicted in figure 3. We
introduce the gauge theory parameters as

Q201 = yaMojl’ QQB = y[;ilM,By Prg—1 = yO‘Mojil’ PQﬂ = ygi1M6+l (4'153)
B R U S
R=1u ][] Qi 1Poa’1 =0 ] va'Md M2, (4.154)
a=1 a=1

fora=1,2,---,land  =1,2,--- ,l—1, and assign ¢ to the lower parallel external legs. Then

the factor corresponding to the ratio between Eéifa’ﬁ)t(u) and Egl:m)(u) may be inferred as

1‘03:1 (1 - R (Hile Q2a71P2a71) qi_ltj)
=1 (1 - R (Hla:1 QQa—lPQa—l) qitﬂ'—l)
S1ooaN
?351 (1 —u (fo:l YaMa 2Ma—fl> qzltj>

B ~ (i -1 1N (4.155)
?:9:1 <1 —u (Ha:l YaMa 2Mo¢+2[> q"tﬂ—1>

1 1 1 1
~ il 3273 ~2rl AT
U Ha:l YaMa 2Ma-ﬁl _ ut Ha:l YoM QMa—El

= PE (1 — :L't) (1 — x_lf) (1 — xt) (1 — x—lt)

—_ 1
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We can rewrite the expression as

D -+ -1
PE [aﬂfx:l YaMa 2onmfl ut’ Hlazl Yo Mo 2Ma+2l]

(1 —2t) (1 — 21 (1 —2t) (1 — 2z~ 1¢)
(4.156)

_PE ut™ Hé:l yaMa_il B ut?™! fo:l yono?—il
Q-at)(l—a 1) (L-at)(l—a 1|

11
with the identification & = ut '], _; M2 M, 2

and u for general [ also follows from the relation (4.119) between the 5d instanton partition
function and the auxiliary index, similarly to the case [ = 1. (4.156) reproduces (4.114) by

We expect that this identification between u

~1
further identifying the parameters as —b, = ;il, Yo = (y((f)) .

4.3.3 Large N limit of U(N) ADHM withl =1

Lastly let us study the correlation functions in the large N limit. For this purpose let
us first recall that the large N limit of the Higgs index (4.68) is obtained from the grand
canonical index =Z(u;x;t) (4.65) as

V(o) ADHM-QU(H) — _Res[Z(u; 25 t), u — 1]. (4.157)

This is because the relation between the grand canonical index and the Higgs index (4.64)
is inverted as

7U(N) ADHM-[1](H) (z:4) = ji”:e Qi?uquE(u; zit) = — Z Res[u*NE(u; z;t),u — w),

(4.158)

where € is a sufficiently small positive number so that Z(u;x;t) does not have poles in
|u| < €. The grand canonical index =(u;x;t) has poles at u = 1, u = t72™ (m > 1) and
u = gEg2mon (m > 0,n > 1), where the residues at the poles in the latter two groups only
give non-perturbative corrections Q") and O(t>™+"N) in the large N limit. Hence we
find that the Higgs index in the large N limit is given by the residue at u = 1 as (4.68).

In the same way, we obtain the generating function of the 2-point functions in the large
N limit from their grand canonical sum (4.142)

Z UN Z (_Ml)kl (_M2)_k2<W(1kl)W(lT2)>U(N) ADHM'[]'](H) (x’ t)
N=0 k1,k2>0
B OE(M M s 2 )
N E(tMyu; :r:;t)E(tM{lu;x; t)
by picking the residue of the right-hand side at the pole u = 1 as

k1,k2>0

(4.159)

2 (u; x5 ) E(My Myt 3 t)

= —Res | = — —
= 1u; x5 4) =2 u; T
(tM )= (tM, t)

,u—1

- =1, ..
_ ZUoe) ADRMLII(H) (. ) ”(tz\;(Mltj)\{Q(t ];? 5 (4.160)
=(tvhy; o t)=(tM, 5 @
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For the 1-point functions we set —M, ' = 0 in (4.160) and find

1

IRV RY. U(oo) ADHM-[1](H) (.. ¢\ —
> (=) W) ;1) E(tMy; ;1)

k>0

(4.161)

Since the right-hand side is related to the generating function of <W(1k)>U(k) ADHM-[1J(H) qye
to the relation (4.134), we can also rephrase this result as

<W(1k)>U(OO) ADHM-[1](H) (.%'; ’L) _ <W(1k)>U(k) ADHM-[1](H) (.%'; ’L), (4.162)

which reproduces (4.69).
For the generic two-point functions, by expanding the right-hand side of (4.160) in
—M; and —M; ! we find

_ U(co) ADHM —[1](H)
> (=M)F (=Mo) ™ Wiy Wi, ) (w51)
(1%1) PV (1k2)
k1 ko >0
00 y U(k|) ADHM—[1](H)
— 1+ > (- 1<W(1k/1)> (2:4)
k=1
00 L U(K},) ADHM—[1](H)
x |14 Z (—Ms)~ "2 <W(1k/2)> (x;1)
k=1
© N
x <1+ > (Mg )T TV ADHM[lKH)(:;;;t)) . (4.163)
N=1

In particular, for the diagonal 2-point functions k; = ko we find

<W(1k)W@>U(OO) ADHM-[1](H) (:L‘; t)
k
_ 7U(k) ADHM-[1](H) ((13; t) + Z(W(ll)>U(k) ADHM-[1](H) (.73; f)<W(1z)>U(l) ADHM-[1](H) (x; f).
=1
(4.164)

Unlike the Coulomb limit of the large N normalized 2-point function, it contains the terms
contributed from the 1-point functions. It coincides with the Higgs or equivalently Coulomb
index of the U(k) ADHM theory with one flavor after subtracting them.

The expansion coefficients stabilize for the infinite rank &k of the antisymmetric repre-
sentation. The finite k corrections appear at the order t**! in the large N limit. In the
large representation limit k& — oo, we get

<W(100)W@>U(oo) ADHM-[1](H) (33; t)

_ IU(oo) ADHM-[1](H) (SL‘; t) (1 + i <W(1l)>U(OO) ADHM-[1](H) (I; t)2> ' (4165)
=1

We see that the Higgs limit of the large IV normalized 2-point function of the antisymmetric
Wilson lines is factorized into the large N Higgs index of the U(N) ADHM theory and a
sum of the squares of the large N normalized 1-point functions.
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Similarly, we conjecture that the large representation limit of the large N normalized
2-point function of the symmetric Wilson lines is given by

<W(OO)W@>U(OO) ADHM-[1](H) (x; ’L)

— 7U(c0) ADHM-[1](H) (z:4) (1 i io: <W(Z)>U(oo) ADHM-[1](H) (x;t)2> . (4.166)
=1

We have checked the relation (4.166) up to the order t® by means of the Hall-Littlewood
expansion. The expressions (4.165) and (4.166) which contain the large N Higgs indices
indicate that the corresponding single particle gravity indices that encode the spectra of the
excitations on the gravity dual geometries involve an infinite tower of fluctuation modes.
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A g-factorial and g-analogs

We define the g-factorial by

n—1

()0 = [](1 = 2¢’). (A1)

§=0
We define the g-binomial coeflicient as

o wa.
uq TGO G D (A.2)

Here we list the formulae involving g-factorial which we use in the main text.

= (GD)n (#50)s (A.3)

B Notation of Young diagram

In this appendix we summarize our notation related to the Young diagrams. We denote
a Young diagram as A = (A1, A2, -+, Ayn)), Wwhere A\p > Ag > --+ > Nyy). We denote the

transpose of a Young diagram X as X' = (A}, A5, - ,AZ()\,)).
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Figure 4. Left and center: an example of a pair of Yound diagram A = (A1,---,Agn)) and its
transpose X = (M-~ ,)\Q(A,)). In the figure £(\) = 7, A = (10,10,4,4,4,3,2), £(\') = 10 and
N = (7,7,6,5,2,2,2,2,22). Right: arm/leg length of a box in a Young diagram. In the figure
O=(4,4) = (2,3), army(0) = 6 and leg, (O) = 6.

For a Young diagram A we define the following numbers and a polynomial in t.

mi(A) = #{j|A; = 1,1 < j < (N}, (B.1)
o)

n(A) =Y _(i— 1A, (B.2)
=1

n(\u) = (“ R “4> , (B.3)

i>1 2

NOENJICOIM (B.4)

i>1

Here m;(\) is called multiplicity of the Young diagram .

Each box in (or outside) a Young diagram is labeled by its vertical position ¢ and
horizontal position j from the top-left corner as [0 = (7, j), for which we define the arm
length army(0J) and the leg length legy () as

Mg S {A;-‘—z' (j < X))
—J (i > £(N), —i (7 > £(X)).
(B.5)

O=(4,j) — army(O) = {

See figure 4 for graphical explanations of these notions. Note that the arm/leg length are
also defined for a box outside the Young diagram A through the second lines of (B.5).

Under these notations we also define the following functions which we have used in
section 4.2 and 4.3.

Eyu(a,s) = a — eqarmy (s) + ea(leg,,(s) + 1), (B.6)
N)\#(U) — H (1 _ eEA#(logu,D)) H (1 _ e—E‘M(—logu—el—eg,D’))
OeA O'en
— H (1— u(ﬂ)armx(ﬂ)(x—lt)—legu(ﬂ)—l) H (1— u(xt)—armu(ﬂ)—l(x—lt)legA(D))’
Oex Oep
(B.7)
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where et = x71t7! and e = xt~!. Here N \u(u) is so called Nekrasov factor. Note that
Ny g(u) and Ny (u) can also be written as

M) = [ @ —ulty @), M@= ] Q-u@)? @97, (BS)

(4,7)EX (3,7)EN

C Derivations of Coulomb limit of the charged Wilson line indices

In this appendix we display the detailed derivation of the traces Trp’ (3.90), (3.93) and

the grand canonical correlator E;C) (u) (3.91), (3.94) for f = (1 + a18™)(1 4+ azs™™) and
f=04a18™)(14a2s™2)(1+azs ™ ™2), to the order ajas and ajazas respectively. From
these grand partition functions E(C)(u) we can read off the correlators of the charged Wilson
lines (Wi, W, )V ADHM-IUC) (3.99) and (Wi, Wiy W, —my, ) V) APHM-IU(C) (3 95) we
have considered in section 3.2.3, as the expansion coefficients of u. As explained in
section 3.2.3, we assume without loss of generality m; > 0 in the former case and my, ms > 0
in the latter case.

First let us consider f = (1 + a1s™)(1 + azs™ ™). In this case Trp} is given by
Trp} = tr((1 + a1e?™Ma) (1 4 age2mm&) 5y (1 + a1 ™M) (1 4 age2™™%) 51, which
can be evaluated by expanding each (1 + a1e*™™&)(1 + aze™2™™%) and applying the
formula (3.50) to each term. Since we are interested only in the coefficient of ajaz, we have
only to consider the terms with one €214 and one e 2™ inserted among n p;. Due to

the cyclic symmetry of the trace, it is sufficient to consider the insertion of e2™™1¢ in front
of the first p; the insertion of e=27"™% in front of i-th py (i = 1,2,--- ,n)
o o 4 2@E-1)my
tre2mimid pi=lom2mimia pn—itl 1@ (C.1)

where we have used the formula (3.50). By summing over i and multiplying an overall n
1— thml

to take care of the cyclic images we find that the total coefficient of ajas is = ,(2” o

Namely, we have

1 Tl(l _ tlen)
Trpi farsm)(14ags—m1) = 1_en <1 + AL R TP + - ) ) (C.2)

which is (3.90). Plugging this to the grand partition function (3.38) and using the formula (A.3)
repeatedly, we find

= w) = =9w

1 I g (D)
1+ajan Z Z (H t_zjtl|m|zlmu) (t [m| ,lm u) e

m=—ocon=1

1— t2nm1 5 o
X W + O(al,aQ), (03)

By expanding the summation over n in (C.3) in terms of ¢!y we observe

ﬁ 1 (tl\m\zlmu)ntfn%rn (_1)n—1 1—¢rm
L1 — e 2gliml ey 1—n 1—2m

i

o l l n 2

Z (¢l ztmo)n Z(_l)p—lt—an+p2+p n 1-e7m 1 (C.4)
C1—n P 1 —2m ’ '

n=1 p=0 2
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where [ ]2 is the g-binomial coefficient (A.2). Plugging this into (C.3), the summation over
m can be performed explicitly for each ¢lmnztmn ag

i gliminhmn. _ (1 _ @2n\7U(1) ADHN-(C) (. gn) (C.5)

m=—0o0

where ZU(1) ADHM-(C) (5. ) = e ﬁit(gi_tzziz)- We can also perform the summation over
+

p in (C.4) by using the formula

zn:(_l)p71r2np+p2+p n 1 — ¢ 1) = (t2nr2am g2y (C.6)
. pl,\ 1—tm B 1—t2m '
p= ¢

Note that this vanishes for n > mi. Putting the results together, we finally obtain E;C) (u)
s (3.91).

Next let us consider f = (1 4+ a1s™)(1 + a2s™?)(1 + azs~™ ~2). Again, to obtain
the coefficient of ajasas in Trp?ualsml)(1+a23m2)(1+933*m1fm2) ' fici &
with the following two types of insertions: (i) tre2mmia pi—lg2mimad sjg2mi(—mi—m2)& jntl—i—j
(1 <i<nand 0 < j <n-— Z) and (ii) treQm’mzc&ﬁi—l62m‘m1dﬁj€2m‘(—m1—mg)dﬁn—i-l—z’—j
(2<i<mnand0<j<n-—i). Here we have removed i = 1 from the case (ii) to avoid an

it is sufficient to consider trp}

over-counting. These contributions are evaluated by using the formula (3.50) as

n n—i ) 12 i o n 1= 2(i—1)m1+2j(mi+ma)
Timi & Az Tima& mi(—m1—msa)& An i—j __
nZZtre 1 2050 ¢ 1=m2) J nzz [ en
i=1 j=0 i=1 j=0
n(l _ t2m2 _ t2m1n _ t2(m1+m2)(n+l) + t2m1 (n+1)+2mo + t2m1n+2m2(n+1))
_ : .7
(1 _ ’t2”)(1 _ mel)(l _ t2m2)(1 _ t2m1+2m2) ( )
N 2wima & Az 1 27sz1o¢ 2mi(—m1—ma)& An—i-l i—j = t2 i—Dma+25(m1+ms)
W3S e e 9 PR
=2 j=0 =2 j=0
n(thg o t2(m1+m2) _ t2m2n + t2(m1+m2)n + t2m1+2m2 (n+1) _ t2m1n+2m2(n+1))
= . C.8
(1 _ t2")(1 _ f2m1)(1 _ f2m2)(1 _ f2m1+2m2) ( )
Hence we find (3.93)
1 n(l o t2nm1)(1 o t2nm2)
TrP(1tarsm1) (1 azsm2) (Ltazs—mi-m2) = T g (1 TOesT R ey — ey )
(C.9)

Plugging this to the grand partition function we obtain

N n
D B A e CET O T S G VL m
2

n=1 p=0 p

1 — %P ] — ¢2pm2

1 — {2m1 1 — {2mo + O(a% a%’ a?’)) (C.10)
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t

Figure 5. A vertex with three legs. A, u, v are Young diagrams.
Again the summation over p can be performed by using the formula (A.4) as

zn:(_l)p—lt—2np+p2+p |jl] (1 — t2pm1 1— t2pm2 ~ 1)
p=0 Pleo 1 —2m1 1 — 2m2

(t—2n+2+2m1; t2)’n 4 (t—2n+2+2’m2; t2)n o (t—2n+2+2m1+2m2 : t2)n

- ey — o) : (C.11)

(@)

which vanishes for n > m; + mo. Hence we finally obtain =, (u) as (3.91).

D Formalism of the refined topological vertex

We here summarize the formalism of the refined topological vertex. For a given toric diagram,
we first assign an orientation and a Young diagram for each internal line of the diagram. For
external legs, we put trivial Young diagrams. We also choose a preferred direction. Then
we cut the internal lines and decompose the diagram into vertices with three legs. One
of the three legs should be in the preferred direction. For the other two legs, we assign ¢
for one leg and ¢ for the other leg. The assignment of ¢, ¢ should be chosen so that both
t and ¢ are assigned for each internal line in the non-preferred direction after gluing the
vertices. A vertex with the outward orientations for the three legs is depicted in figure 5.
The preferred direction is chosen in the horizontal direction and it is represented by || in
the figure. For each vertex given in figure 5, we assign

[l 4+IAL=lul
lle/112

_ Il v? ~ 2 ) —y )
Crw(tig)=t""2 ¢ ZAM)Z(?) Sx/n (EPa7) S (t q p),
n
(D.1)

where

AE=322 A=YA, (D.2)

for a Young diagram A = (Ag, Ao, ). Z)\(t,q) is defined as

- . . -1
Zata) = ] (1 _ qarmm)tlegk(mﬂ) (D.3)
(3,7)EN

with (B.5). s,/,(7;) is the skew Schur function and we also defined

o, FUS VR S V-
Sufv (t Pq ’\) = Su/v (t2q M opagT2 tag ’\5,---). (D.4)

— 61 —



T o o

v/ v/
(a) (b)

Figure 6. (a) Gluing along the preferred direction. (b) Gluing along a non-preferred direction. The
vertical direction is the preferred direction in this figure.

When the orientation assigned to a leg is inward, the corresponding Young diagram needs
to be transposed.

In order to recover the original diagram one needs to glue the vertices. The gluing is
done by summing over all the Young diagrams associated to the glued legs with a weight
factor inserted for each glued leg. For the gluing along the preferred direction depicted in
figure 6(a), the weight is given by

QM fult,@)" (= det (v1,v2)) (D.5)

where

’
| L2 | R 14

foltg) = ()T g e (D.6)

On the other hand, the weight for the gluing along the non-preferred direction depicted
in figure 6(b) is given by

(=M f,(t, q)" (n = det (v1, v2)) (D.7)
where
[v]
~ vl _HVQ'II @ E 2
Ftg) = (1) g5t (q) . (D.8)

For both (D.5) and (D.7), Q is given by Q = e YU where vol(C) is the volume of the
curve C associated with the glued leg. For the sum over Young diagrams, one may use
the following identities

Z Su/m (xi)su/nz (yz) = H (1 - xiyi)_l Z Snz/r($i)3n1/r(yi)v (D.Q)
K 4.J o

D s (@) 8pms (i) = TT (U 2a0) D sy (@) sy o0 (1) (D.10)
12 T

,J

E Closed-form expressions of line defect indices in unflavored limit

In this appendix we list closed-form expressions for the unflavored line defect indices.
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E.1 Unflavored Coulomb line defect indices

E.1.1 U(2)

U@ ADEM-[1)(©) (py _ LH4t 26—

2 3 4 5 6
~__\U(2) ADHM-[1](C) 4y — 14+6t—t"4+4t° — 37+ 287 —t E2
i 148t—22 4615 — 5" 448> — 36 4-2t" — 8
W U(2) ADHM-[1](C) 0 = E.
( EEEI]WED:D> Q) 1—1)2(1—)2 ) ( 3)
i 1410t =3 + 883 —7t* +61° — 50 + 447 — 383 4207 — ¢!°

W W U(2) ADHM-[1](0) ¢y — E.4
W EIZEIZI]> () (1—1)2(1—2)2 ’ ( )
W) O ()
1412t — 487 + 1083 — 9t* 4 8% — 70 + 6t7 — 5t° + 4t — 3t'0 +- 2t — 12 (E.5)

1-02(1-1)2 ’

] 1+ 6% 4+ 10t* + 5¢5 4+ 3¢5 — ¢1°
W W U(2) ADHM-[2](C) 0 = E.6
(Wm IZI]> () (1—12)2(1—t4)2 ) ( )

146874210 — 8

U ADHM- C
(WerrWeee) U 210 () e (E.7)
U(2) ADEML21(C) gy L+ 106 + 16¢* 4 1065 4 5¢5 — 10 — ¢4
W Wes) (t) = (1—2)%(1— )2 ’ (E8)
U(2) ADHM-[2](C 1+ 1062 — 2t + 6t° — 4t® 4 2t'0 —¢'2
(Werrr Wy U@ [210) () — e , (E.9)
U(2) ADHM-[2](C) 1oy 1+ 1462 +22¢% 4 1465 4 7¢% — 14 — ¢®
WommoWerr) (t) = (1-2)2(1—t4)2 ’ (E.10)
2 3 4 5 6 (7T (8
U@ ApmE(0) y _ (L)1 t456 =3¢ - 20 43¢ 17 1) E11
<WD3WDj> (1) (1—£2)2(1—3)(1— 1) ’ ( ’ )
- W—)UQ) ADHM_[g](C)(t) _ A+)(1—t+ 2466 -5t 4560 — 7 +18 4200 — 10 1 11 —¢1?)
oToWes (1-1)2(1—#)(1—15) ’
(E.12)
(Wi W >U(2) ADHM»[S](C)(t)
L)1t P88 — T T — 0 5 4367 — 310 2! — 12 1P (1) (E.13)
= (1_{2)2(1_{3)(1_{6) ) .
(Wi W7>U(2) ADHM-[3J(C)(t)
(49—t 108 — 9" + 96 — 20 + 7 457 — 4’0 4 3¢ - 3¢"2 20 — M 415 - ¢19) (E.14)

(—@R(-e)(-0)

(W W >U(2) ADHM-(3](C) (t)
- t2)2(1 +:3)(1 oL t 41268 — 100+ 116 - 30 4 27 — £ 4 7€ — 6t"0 5t — 4% 4 3¢"°
_ 3¢ gql5 16 g7 _ sy (E.15)

146t — 0+ 4t® 3t —
O 1=e2A-tHa-t)

<WEDWE>U(2) ADHM-[4](O) (¢ (E.16)

: 1+ 84 418 4412 — 16
U(2) ADHM [4](C>(t) _ (1 79)2(1 7t4)(1 7t8) , (E.17)

WomWes)
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i 1+ 10t + 65 — 10 4 5¢12 — ¢18
wWr W\ U(2) ADHM-[4](C) 1y _ '
(Wmo IIIZIZD> ®) 1-2)2(1— ) (1) ) (E 18)
i 1+ 12¢2 4768 4+ 5¢12 — 20
W W U(2) ADHM-[4](C) ({y — E1
. 1+ 144 + 85 + 7412 — ¢14 — 22
W We——\U(2) ADHM-[4](C) ((y _ E.2
E.1.2 U(3)
i 14+ 2t+2¢ — ¢
U(3) ADHM-[1](C) 74\ _
. 14 6t+ 1162 + 1863 + 12¢* + 1465 +2t7 — 448 + 2% — 10 — 2¢11 - ¢12
W W) U(3) ADHM-[1](C) ({y _
W EED> (t) 1—-1)2(1—-)2(1—-#)2 ’
(E.22)
<WD:I:DW7>U(3) ADHM-[1](C) (t)
14Tt 8%+ 136% — 4t + 1567 — 14¢° + 77 — 263 + 17 — 3¢'0 + 3t'2 — 3" + ¢ (E.23)

(1= -£)2(1-#) ’

Wormm W) V@ AP O )

149t 41262 4+ 19¢% — 8t* + 257 — 2445 4+ 15¢7 — 83 + 7t — 8t'0 4 1! + 4¢'2 — 3¢!% — 1 4 3¢10 — 3¢ - 18

- (I-9(1-e)2(1-¢) ’
(E.24)

(Wi W >U(3) ADHM-[1](C) 0
1

1+ 126+ 29¢2 + 542 + 30t* + 50t° — 12¢° 4 26t — 2748 9 10| 11
(1702(17{2)2(17{3)2( + 12t 4 29t + 54t° + 30" + +26t" — 27t +248” — 17t " 46t

—8{12+6t13—3t14—4f15+t16+2{18—4t19+2f20+t22—2{23+t24), (E25)

1438+ 8t +2t5 4+ 3¢° — ¢1°

(1_{2)5(1_t4) ’ (E26)

<WEDWE>U(3) ADHM-[2](C) (f)

U() ADHM-21(0) () _ 14 76 + 25t + 50t° + 65¢% + 5410 + 34412 4- 7t 4 2416 — 3¢8 — 3¢20 1 ¢22

W Wess
MoV 1-e)P(1_t)(1_0)? ’
(E.27)
: 1+ 862 + 25t + 4145 4+ 3445 + 10¢10 4+ 10¢12 — 6¢14 — 2416 — 2420 - 22
Wr W \U(3) ADHM-[2](C) ({y _
(E.28)
<W W- >U(3) ADHM-[2](C) (t)
141087 4 33t" + 59t° +48t% + 1710 4 144" — 7t' — 2¢10 — 44! — 2620 4 2472 — 2¢°* 4- %0 (E.29)

(1-#)4(1—t)(1—19) ’

Wi W >U(3) ADHM-[2](C) 0

_ 1 2 4 6 8 10 12 14 16 18 20
= T e my e (L 138 55 + 13460 + 1866 + 168117 + 1106 4376 4+ 1060 — 16¢° — 13¢

CR22 2t 26 30 _ 32 t34), (E.30>

— 064 —



B e e L e e
N (1—t)(1—2)2(1—3)3 '

<WDjWﬁ>U(3) ADHM-[3](C) (t) (E'g]—)

<WI:|:DWﬁ>U(3) ADHM-[3](C) (t)

1=t 68 — At 4% 4 610 — 47 +46% 4+ 70 — 6110 4 9T — 2417 — 4¢"® 4 241 + 4410 — 2¢!% — 19 4 20
- 1—)(1—2)2(1—-8)2(1—1°) ’

(E.32)
<WDIDWﬁ>U(3) ADHM-(3](C) (g)
- (1—’c)(l—t2)2}1—t3)2(1—t9)(1*f+ 86 — 6t +6° +9t° — 57+ 6t +13¢ —13¢"° + 16t — 6t
Cof® 1 gt 3¢l6 _gqlf 4 o0 92l 23 4 24 (E.33)
<meﬁ>u<3) ADHM31(©) ()
1

= T 00— era FPa D) (1—t+10¢° — 8" +8t° + 13t° — 7t" 4+ 8> + 21¢° — 20¢'% + 25" — 14¢*?

42612 26" 170 - 910 b2t - 5" 42610 3670 — 48t - 26%° 4t -2t — T 1 4%%), (E.34)

(WorrmmmWegmm) ) M PO

1 3 4 5 6 7 8 9 10 11
= T e Era L U120~ 1064108 4 18¢ 10 4116 4300 — 296 436t

— 22412 1 8¢1% — 9™ 1+ 20¢1° — 18410 4 91T — 1148 4 6410 — 4421 + 2% — 223 4 562 — 6¢2° + 2475 — 2™

+ 487 — 267 — 1 1 %2, (E.35)

2 4 6 8 10 12 14

U(3) ADHM-[4](C) 7y _ L=t +50 =7 +3° —t 7 +3t° —t
WV ()= (1—2)3(1—t4)3 ) (E.36)
<WD:|jWﬁ>U(3) ADHM-[4](C) (t)
148t +6t° +214% + 9t'0 4 20t12 4 10t 4 20t1° + 3t'5 4 114%° 4 372 + 424 — 44%° — 2% + 70 (E.37)
N (1—€)2(1—t4)2(1 —16)(1 — t12) ’ :
<WEEI:DW7>U(3) ADHM-[4](C) (f)
B 1— 2410t — 16 42268 — 510 1 28¢12 _ 5ld - 7416 _ 9¢18 4 19420 _ 3422 _ (24 _ 9426 _ (28 | 30 (E 38)

(1—t2)3(1—’t4)2(1—t12) )

<WI:|:|:|:|]W7>U(3) ADHM-([4](C) (t)

112t — % + 303 — 4t'0 + 39" — 6t + 910 — 3t'8 + 15470 — 72 — 2424 — 3¢%0 — 2° — 3% 4 ¢

B (1—-2)3(1—t4)2(1 - t12) '
(E.39)

% e >U(3) ADHM-[4](C)(t)
1
A—oP0—ePa-oa—)

14 14t + 1245 + 5265 4 344" + 89" + 43¢™ + 57¢'% 4 28¢%° + 14¢*2

+ 1887 — 970 — 1% — 5670 — 477 — 263 117, (E.40)
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E.1.3 U(4)

1+ 4t+ 562 + 126 + 13t + 1465 +-6t° +-6¢7 —¢1°

W Wy U(4) ADHM-[L)(C) () — : E.41
WmWe) ® 1021 e)i(1_6) ! (B41)
<WEEI]Wﬁ>U(4> ADHM—[I](C)(t)

146t 96 2465 + 25t 43260 4 1760 4 1447 — 468 — 10 —4¢12 ¢ (E.42)

1—02(1-e)i(l—e)? ’
<WI:|:|:|3W7>U(4) ADHM-[1](C) (f)

1

f 148t + 167 + 56t + 74t" + 144¢” + 141¢° + 178t + 118¢° + 104¢’
(lft)2(17t2)2(1ft3)2(17t4)2( +8t+ + + + + + + n

+30t10 418" — 15¢17 — 4t — 166" — 4¢"° — 11¢"0 4 26"% 2417 — 46®0 4422 4 2¢° — ), (E.43)

(Wi A >U(4) ADHM-[1](C) (¥)
1

1+ 8t+ 3t% + 46t — 20t + 80t° — 68t5 + 92" — 104¢% + 100t — 96¢'° 4 88¢*!
(1_04(1_{2)2(1_@)2( +8t+36% + + + + +

— 81" 466t — 626" + 567 — 40t"% 42817 — 27¢"® 42217 — 114%° 4 687" — 6t + 4> —¢**),  (E.44)

Wi W >U(4) ADHM-[l](C)(t)
1
AP0 epPa_epPa—o)

1+ 12t+29t2 4+ 108> + 172¢* + 302¢° + 388t° + 3687 + 413¢% + 156¢°

+233610 — 724 4 104" — 1144"% 4 414" — 844" + 9" — 40t + 10¢® — 126" — 114%° — 2¢*2 1 10¢*®
— 1367 11067 — 70 410677 — 126%° 48677 — 36%° £ 667" — 6t°% 1 2657 — 1 4 2470 %), (E.45)
<WI:DWE>U(4> ADHM-[2](C) (g

14667 4 20t" 4 56° 4+ 118¢° + 173t'0 + 201'% + 178" + 127¢'6 4 58¢'% + 2120 4 2¢*% — 26

(1_{2)2(1_{4)4(1_{:6)2 ’ (E46>

<WD:DWﬁ>U(4) ADHM-[z](C)(t)

14667+ 17t 4 56t° + 914° + 119¢0 4+ 100t'2 4 714" + 214" 4 8t'® — 5¢°0 — 5¢°2 — ¢2* 4 ¢*° (E.47)
; (1—2)4(1—t4)2(1 - 19)? ’ '
<W W- >U(4) ADHM-[2](C) ({)

1
(- @R aPa—CPa—op

14 1062 +43t* +163t5 + 437 + 915¢'° + 1538¢'% + 2120¢'* + 2438¢'°

+2311¢"% 4 1843¢%° + 1140t + 5612 + 123¢%° — 43¢%% — 92¢%° — 53¢3% — 25¢3* + 5% + 4410  2t"% — ),
(E.48)

<W W- >U(4) ADHM-[2](C) (t)

1 2 4 6 8 10 12 14 16
= 1410t 44 13447 + 272" + 484t t
(1—t2)4(1—t4)(1—16)2(1—t8)( +10t7 +33t7 + 134 + 272t7 + 484t + 569t~ 4+ 609t~ 4 388t

+ 258" 4 29¢%0 4+ 106%% — 586> — 31¢°0 — 25¢®° — %0 4 3¢% 4 265 1 2620 —¢*?), (E.49)
WrmmWeeeem) U P @)
1

14146 + 67" +275t° 4+ 787¢% 4 1659t"% 4- 2664t"* 4- 3385t™* 4 3389t"°
(1—t2)2(1—t4)3(1_t6)2(1_tg)( + + + + + + I .

+2615¢"8 +1522¢%° + 53922 — 21 — 257¢%° — 274¢%® — 195¢%0 — 75632 — 2163 + 4¢%¢ 1 10£3® 4 10t*° + 6t*2

+ 2t 26 1 ¢ %2, (E.50)
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<WEWE>U(4) ADHM-[3](C) (t)

1
(1071 @P( - E)1 - 0210

1—2t+ 2 +563 —8t* + 565 +5t° — 8" + 1145 — 9¢'° + 16t

—6t"7 — "7 4 136" — 106" 4261 1 9t'T — 9t"® 4 5¢'7 43¢ — 57" 4477 4 26%° — ), (E.51)

<WD:DWﬁ>U(4> ADHM—[S](C)(t)

1 2 3 4 5 6 7 8 9 10
= 1— 264+ 2 476 — 126" + 96 +8° — 144" +17¢ + 7¢° — 19¢
(RN a1 + 47 +9¢° +8 +17¢ + 7% — 19

+30tM — 10612 — 5613 + 3141 — 23¢1° 4+ 3¢16 + 21417 — 18¢28 4+ 6¢1% + 7420 — 5?1 — 22 4 442 — 524 1+ 3¢

—26%7 4 ¢%%), (E.52)
<WD:|:|jWﬁ>U(4> ADHM-[3](C) (t)

1
=0 —O =01 -1 - O —O)I =07

1—2t4 26 + 75 — 15t + 2265 — 445 — 9t” 4+ 39¢°

17 — 256" 4-93t" — 55¢" 436" 4 81" — 644" - 57" +-60t"7 — 62t"° 4 75¢" - 37¢%° — 68¢>" 4-84¢>

—13t%% — 308" 4+ 59t — 3270 + 6% 4+ 46>° + 77 — 1760 1 17631 — 14632 363 4 1 — 5675 4 46%° — 2¢F7

+6%% — % ottt "), (E.53)
<WDIEDWﬁ>U(4) ADHM-[3](C) 0

14+
1-011-8)1-5)1-)(1 —t12)(

1 — 4t + 7 4 3¢5 — 33t + 67t° — 65t° + 297 + 9% + 22¢° — 132¢'°

+ 280" — 352t'% 4 333t1% — 255t + 218¢"° — 277! + 429¢'7 — 523t"8 4 480t'° — 350t%° + 245¢%' — 198>
+ 18312 — 159¢2* + 118%° — 71420 + 32677 — 1528 1+ 18t2° — 23¢°° + 213 — 23632 + 27¢%3 — 26t3* 4 23¢®°

—226% +196%7 — 13¢% + 6% — 7¢*0 4™ — "), (E.54)

<W W- >U(4) ADHM-[3](C) (t)

_ 1 _ 2 3 oo 5 o 1047
- B e =M a i (|~ 2026+ 1€ 28 434 -3¢ 101

+73t% + 87 — 55¢'% + 201" — 10442 + 66" + 209" — 164"° + 162t'% + 110t'7 — 72¢"% 4+ 80¢"? + 232¢*°
— 31067 + 34672 — 158t%% + 3721 4 444%° + 26%° — 29¢*7 4+ 21¢%° + 26t*° — 67 + 65¢°" — 541> 4 22%°

— 1367 — 8% 4 175 — 2637 £ 26 — 5679 4 2470 p 4™ — 3" 4 2* — 5™ 484" — 610 4 5t — 5™ + 6tV

— 5670 438°" — 2672 4 247 — 7, (E.55)

<WD3WE>U(4) ADHM-[4](C) (t)

1 2 4 6 8 10 12 14 16 18
= 1— 476" =30+ 1965 — 10 4 427 — -
T eP A @i eEa (L~ 7 30 +19¢ — €0 4426 3¢ +-60° — 5t

+ 65670 — 747 + 466> — 7620 4 27¢%° — 8¢%° £ 106% — 46 4 3¢%° — %), (E.56)

<WI:|:|]Wﬁ>U(4> ADHM-[4](C) (f)

1
1= 2P —t) (1= )1 =27

1— %+ 9t — 2% + 28¢5 + 510 + 73¢"2 +- 11¢"* + 108¢'° + 10¢'®

+ 1136 4+ 667 + 768" +45t%° — 76%0 11363 — 763 — 20 4 ¢*?), (E.57)
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<WD:EDW7>U(4) ADHM-[4](C) (t)

1 2 4 6 8 10 12 14 16
= E 1-—t 11t — 2t 41t 9t 126t 29t 231t
A—eri-ma-oa-ei-ya-o *F HAlt It Tt

+ 4168 + 317¢%° + 37422 + 337621 + 21¢2° 4 28317 — 7450 1 169132 — 243" 4+ 84¢3¢ — 22638 4 3010 — 2312

— 810 — 4™ 43¢0 — 7% 387 - %), (E.58)

(Wi A >U(4) ADHM-[4](C) (®)

1 2 4 6 8 10 12 14
- 1T— 24+ 13t0 — 27+ 53¢ + 17t'" + 175t"% + 59t
(1-2)3(1—t)(1—19)(1—t5)(1 tl?)(utlﬁ)( + +

+350t¢ 4 104'8 + 479¢%° 4 94622 + 520621 + 9325 + 423t + 17650 + 243632 — 7631 + 111¢3¢ — 2668

+35¢%0 — 23t*7 — 156" — 19t"° — 18¢"° + 8% — 3t°% 4 6t°* + % + %0 — (%), (E.59)

<WD:ED:DW7>U(4) ADHM-[4](C) (t)

1 2 4 6 8 10 12 14
= 1— £ 4+ 15¢" — 2% 4 66¢° + 25¢'° + 233¢ t
R TIgeTyTe v ycunrerepril +15 +66t° +25t"° +233t'2 + 93

+ 5016 + 187" 4 708t%° + 163t2% + 787" + 170t%° + 663t%° + 15¢°° + 375¢%% — 26¢>* + 189¢*° — 614

+ 63t — 49" — 12" — 50*° — 326" — £ — 3677 1 867 4 61°% 4 2172 — (™ 4470 %), (E.60)

E.1.4 U(5)

<WEDWE>U(5) ADHM-[1](C) ({)

142t 106 4+ 4t* + 14€° 4+ 910 4 1267 + 8t° + 1067 — 2¢'°0 - 6t'" — 3¢'? - 2¢'% — ¢!
B (1—03(1—2)2(1—3)2(1 — t4)2 ’

(E.61)

<WDijﬁ>U(5) ADHM-[1](C) (t)

1

. 1+ 4t + 208 + 7¢* +38¢° + 15¢5 + 4447 + 8% 4 36t° — 13¢10 4 22¢*!
(14)4(142)2(145)2(144)2(+ + + 7t + + + + 8% + +

— 166" 4 8t"% — 5" — 2¢" 4261 — 2617 4 ¢'¥), (E.62)

<W W- >U(5) ADHM-[1](C) (t)

1 2 3 4 5 6 7 8 9 10
= 146t + £ + 326> + 16¢" + 706 4 35¢° + 944" + 20¢° + 80t° — 25t
T 0 e o)y (L6 4326 + 161 4706 4 35 4 04+ 20 +

+44t"" — 366" + 206" — 18t" — 4t'% —6t'7T + 106" — 44" — 26" + 72 4 24*° — ), (E.63)

<WEEIIDWﬁ>U<5) ADHM-[1]() )

1

2 3 4 5 6 7 8
070 o0 Fr i Eyr (L 106 226 4 808 17161+ 3706 + 633 + 1044t 4 1433¢

+ 18827 4 2102'° + 2226t'" 4 2008'? + 1696t + 1161+ + 724"° + 277'6 4+ 24¢'7 — 143¢'® — 176¢"°
— 177620 — 124671 — 74422 — 4267 — 216%* — 45 — 520 £ 2677 + 10670 + 70 + 4653t — 3637 — 263 4 44%°

+2t%0 — %% — 2% 1 0, (E.64)

WormrrmWegemm) ) M O

1
= T pa A Fraara e L 176 4+ 796 + 139¢" + 296t + 447t° + 661" + 782t°
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+876t% + 790t'° + 647" + 461" 4+ 170t + 1314 — 141¢"° + 23¢*° — 199¢'7 + 15¢'® — 124¢° — 15¢*°
— 19621 — 12472 + 187 — 3092 4+ 18t%° — 114%% + 2447 — 18¢%% + 1742 — 12¢%° + 931 — 9¢32 1 7433 — 2™
+ 76 — 6170 4 2657 — 267 — %% 4" —3¢" 134" - 3¢ 1M, (E.65)

(WDHW@>U(5) ADHM-[2](C) 0)

1

1 t2 4 6 8 10 12 14 16 18
Aoy ey (L8 8 220 4 580 £ T80 4 14507 4 1600 + 1920 4 170¢

+ 14067 + 86t%% 4+ 62t™ + 14¢°° 4 156™° — 4¢°° 4 3¢°% — %), (E.66)

- \U(5) ADHM-[2](C)
(WD:DWD:D> (t)

1 2 4 6 8 10 12 14 16
= 1 12 44 1 191 1 4 4
(142)5(17{4)(17,(6)2(17{8)2( + 587 + 12t +44t° + 106t° + 191t + 315t~ + 408t~ + 466t

+422t"% 4 3626%° + 1977 4+ 1386 + 27¢%° 4+ 5¢%° — 2630 — 11472 4 3¢ — 2670 4 ¢%%), (E.67)

<W W- >U(5) ADHM-[2](C) (t)

_ 1 2 4 6 8 10 12 14 16
= T eI I ey (LT LT 706+ 177 4 85460 4 61367 + 8321 4085t

+ 914" + 765¢%° + 43627 + 2606>* + 28t7% — 6¢7° — 48¢%° — 2463 — 98> — 4?0 4 643 4 10 4 24" — M),
(E.68)

<W W- >U<5) ADHM-[2](C) (t)

_ 1 2 4 6 8 10 12 14
— O e ey oy (L L A 1780 5806 4 15647 + 3572017 4 7053t

+12154¢'% + 1850448 + 25159¢%° + 30609t*2 + 33507¢>* + 32888t%¢ + 28902¢*® 4 22427¢%° 4 1518132
+ 8465t> + 3526t%° + 489¢3% — 802¢0 — 1049t*? — 740t** — 382t*° — 101¢*® + 39t°° + 56> + 60t°>* + 17t°

1375 2407 (%4 3¢50 4 %), (E.69)

(Wi W >U(5) ADHM-[2](C) 0

1
=B 1= t)(1— 61— EPR(I )

14 12¢% + 42¢* + 179t° + 5615 + 1444'° 4 3069¢'? + 5541¢™

+ 851310 4+ 112708 + 13040t%° + 13021¢22 + 11317¢%* + 8242¢2% + 4903t*® + 1966t>° + 195¢>2 — 793¢>*
—829¢3¢ — 705¢%8 — 37440 — 135¢"2 — 2™ 4+ 67416 + 37" + 41¢°0 4 877 + 13¢71 — 2475 78 — 2152 _ 2¢%¢
+1%%), (E.70)

- \U(5) ADHM-[3](C)
WmWe) (t)

1

2 3 4 5 6 7 8 10 11
T 070 PR PP a2 30 -5t 456 30 — ot — 6t 6t

812 173 1360 4615 16 1T _ge18 4 16610 4 4620 — 421 4 2022 _ 5623 _ 324 4 19425 — 4426 4 27

=3t 4670 4 26% — %7, (E.71)

<WD:|jWﬁ>U<5) ADHM-[3](C) (t)

1 2 3 4 5 6 7 8 9
= 1-2 — — 4t — 11
(s U A AL U SR
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— 144" + 224" — 1042 £ 114" 4+ 196" — 2615 1+ 3416 + 1147 — 30¢® 4 28" 4+ 6420 + 2471 + 10472 — 7%
— 2167 4 2467° — 6670 4 977 — 77 — 4% 16677 — 7% 7% — 24% 1 %), (E.72)

<WD:EDW7>U(5) ADHM-(3](C) (t)

1 2 3 4 5 6 7 8 9
= 1— 264+ 62+ 76 — 136" + 136 — 5° — " + 16¢° + 10¢
A ePa_ePRa o) oI + €476 — 136" +13¢° -5 +16t° +10

— 28" + 45t — 3147 4 25¢1% 4+ 3141 — 9P — 2416 4 3447 — 444" 4+ 53" + 920 — 152" 4 204> — 3¢*°
—306%" + 51475 — 26t2° + 11477 — 5¢2° £ 3t%° — 830 4 12631 — 732 — 3473 L 463 — 6¢3° 1+ 6¢%0 — 237 — 37
4ol t42), (E.73)

WormmWeggem 7 AP O ()

1

1—t4+ 106 — o¢* 51 1515 _ &¢7 1 93¢8
(17{)(179)2(179)2(17{4)(17@)(17{9)(1%12)(17{15)( t+106% — 9t* + 8% + 15t° — 8" + 23t

+ 63t — 19" + 89" + 87" + 19" + 169" + 191¢'° 4+ 56¢'° 4 302t'" + 216¢'® 4+ 114" + 415¢%° 4 270¢*!
+176%% + 493¢%° 4+ 2076** + 198¢%° 4 468°° + 185t 4 173t*® + 440¢%° 4 34¢%° +149¢*" + 303¢** — 6¢°°

+ 1076 +1706%° — 78¢%° 4+ 22637 + 97¢%° — 7163 4 28¢10 4+ 48¢* — 77" 4 9™ — 13¢" — 144" — 9™
10647 — 2668 — 249 — 3¢50 _ 3¢50 4 6172 4 173 4 3671 1 2675 4 4650 — 7 — 358 4 (60 4 961 4 (62 _ 464

— % 4 £%9), (E.74)

<W W- >U<5) ADHM-[3](C) (t)
1

1—2t+ 2+ 1263 — 23¢* +22° + 8t° — 30t7
(1—t)2(1—t2)2(1—t3)2(1—t4)(1—t9)(1—t12)(1—t15)( £+ 7 + 1263 — 23t + 2265 + 8t° — 30t

+55¢% 42087 — 87" + 159" — 244" — 47t"® 4 2644"* — 69¢"° — 13¢"% + 332" — 133t"® + 64" + 463¢>°
—298¢%" 4+ 251422 4 317¢%° — 3226* 4 368¢% 4 211¢%° — 2697 + 332¢%° + 103t>° — 258¢°° + 316¢>" + 73¢**
—284¢% 4 3616%" — 229¢%° + 14¢%° + 90677 — 126°® — 516%% + 33¢" — 14¢*" — 62¢"* 4 81¢™° — 66t 4 32¢"°
— 24" 1 61T — 154" 4 144" — 146°° £ 116° — 3677 F 1167° — 681 €77 — 4% 43677 417 42050 %!
— 2457 4 3¢%0 — 2457 1498 — 2% 1 {70, (E.75)
<WEDW@>U(5) ADHM-[4](C) (1)
1

— 1*2{2 f47 6 1 t87 th 2 f1271 t14 t1671 t18
(BTG eEnOT +6t* —6t° +106° — 30 + 23 7t 439 7

+49¢%° — 222 4526 — 2720 + 46> — 14630 + 25¢%% — 166>* + 206°° — 6%° + 50 — 5t*2 4 4™ — 1),
(E.76)
<WEEDWﬁ>U(5) ADHM-[4](C) (1)
1

= 1— 262 +8t* — 7t0 + 1462 — 2610 4 4442 — 22¢M4 ¢16 — 16¢'8
=) (0P —e7) —goy L~ 20 F80 -0+ * 916

196120 — 31622 1 97¢%* — 31420 + 87t%° — 19650 1 4632 — 26¢>* + 35630 — 4¢3% + 4420 — 10¢*2 4+ 6t** - ¢2F

— 3t %), (E.77)
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<WEEI:DW7>U(5) ADHM-[4](C) (f)
1

1— 26 +10t* — 9t + 2268 — 3¢1° 12 — 21¢1 4 125¢6
=) (1 —0P— )1 =71 —goy | 20 F 100 =90 4+220 = 307469 125

— 20t 4+ 180%° — 4222 + 18413 — 49¢%% + 176128 — 4263° + 90¢32 — 443 4 66¢5¢ — 1863 + 21¢%0 — 24¢*2

4+ 5t% = 3110 — 2¢% 4 2¢%0 — 26 4 36 — ), (E.78)

WermmWeggem 7 AP O )
1

, 1— ¢ 12t — € +42¢% +27¢"° + 169t"2
- epa—or(-oa-oa g -ma-en -t + sttt

+ 123t + 480¢'5 + 405¢*® 4 1051¢2° + 842472 + 1812¢%* + 1365t%° + 2595¢% + 1799¢%0 + 3112¢3% + 1975¢34
+ 3220630 + 1794638 + 2840¢° 4 1379¢*2 + 2134t + 815¢*° + 1303t*® + 305t°° 4 63452 + 255 + 214¢°°

— 7447 4 26t°° — 90t%% — 50t — 4450 — 25¢%% — {70 {72 4257 57 — 2¢%° 4-26%2 — 3¢%° + %), (E.79)

<W W- >U(5) ADHM-[4](C) (t)

1 2 4 6 8 10 12 14
= 1—2¢ +15¢" —1 4 — 1 187¢'2 — 32
Ty o F) A e ) (L2 1ot — 15+ 548 — 157 4 1876 - 5t

+ 491" + 8¢"% 4 949¢%° — 22¢°% 4 1459¢** — 35¢°° 4+ 1903t>® — 140¢%° 4 2004¢% — 222¢** + 1873¢>® — 309¢°°

+1472¢%° — 330¢" 4 916¢** — 338t* + 455¢* — 217t°° + 195¢°% — 1506>* + 36¢°° — 60t°® — 22¢°° — 3142

— 515 4 38%0 — 5% 4+ 2067 — 87 4 1267 — 27% — 7% — 2630 4 363 — 3 — 2650 %), (E.80)
E.2 TUnflavored Higgs indices

In this subsection we list the Higgs indices of U(/N) ADHM theory with [ flavors in the

unflavored limit. For [ > 1, the numerator of the Higgs indices are palindromic polynomials,

which we abbreviate with “---”.

E.2.1 U(1)
1+t
T AP () — J_F DR L), (E.81)
E.2.2 U(2)
N=s U@)H) y _ _LTt+22
. 0= Gt (E.82)
7U(2) ADHM-[1](H) () _ i (E 83)
O=a-pa-er ‘
U(2) ADHM-[2] () 1oy L+ t+ 3% +6t° + 8" +6t° 4 - +¢'°
1 ®= -1 -e)f1-©)3 ’ (E84)
U(2) ADHM[3] (1) 1y _ L4688 + 176 4+ 31¢1 + 526 4 9260 + 11067 +112¢% + - - - ¢'°
z ) = 101251 _B)p ’ (E:85)
IU(Q) ADHM-[4] (H)(t)
1At 1162 + 3443 + 88t + 2166° +473¢° + 7977 4 1243t 4 1738¢° + 2080t'° 4 2152t 4 - - - 4 22
- 1-H(1—)3(1—1)7 ’
(E.86)
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7U(2) ADHM-[5](H) 0

1

2 3 4 5 6 7 8 9
(T 91— (1=6) (143t 4+ 217 + 947 + 3416 +1099¢” + 3137t + 7624t" + 16442t + 31830t

+55082¢'° +85360t"" + 120008t"% 4 153060t + 176628t"* 4 184960t"° + - - - + %), (E.87)

7U(2) ADHM-[6](H) 0

1
(1+t)3(1 —t2)13(1 —t3)11(

14 5t+ 3762 + 204> + 947" + 3819¢> + 13587° 4 42180t" + 11651 1%

+ 289075t + 647517¢'% + 1314730t"" + 2435034'2 + 4128428t + 6422514t"* + 9189070t'° + 121219946

+14760964t' " + 16603650t'® + 17264534t" + - - - + £°°). (E.88)
E.2.3 U(3)
2 3 4
IN:S U(3)(H>(t) _ T4 6427 + 387 4 (E89)

1-tH(1—t)(1-1)’

3) ADHM- 1+ 428 2448
7U(3) ADHM [1](H)(t) _ O (E.90)

U(3) ADHM-[2] (1) oy 14382 +6t° + 12t + 16t° + 31t° + 36t" + 55¢° + 548" + 60t'0 + - - - +t*° E.91
1 t) = 1—02(1— 27 (1l —B)i(1— )3 ' (E.91)

7U(3) ADHM-(3] (H) (¥)

1

: 14 6% + 146 + 40t* + 82¢° 4 213t° + 388t7 + 772> + 1260¢° 4 2079¢'°
(1%)2(17{2)5(179)@(17{4)5( +6t° + + + + + + + +

42986t + 4226t + 5226t"% + 6384t +6940t'% + 7334t"° 4. . 1 7%, (E.92)

7U(3) ADHM-[4](H) 0

1
=90 —0)y 1 —e)pa—a

14 t+ 1262 + 3763 + 141" + 414¢° + 1272t° + 3302t + 8390t° + 19116¢°

+41629t'% + 83351t + 158324t'% 4279775t + 468974t"* 4 736957t'° + 1099119t'® + 15441727
+2061438t"® + 2600638t"? 4 3121068t™ + 3546026¢”" + 3834944t>* 4 3930198¢™ + - - - + 1), (E.93)
IU(J) ADHM-[5](H) (t)

1

1+ 2t+21¢2 3 41 1384¢° 5 +16624t" + 517045 + 147710¢°
(1_t2)9(1_t3)12(1_t4)9( + 2t + 217 + 80% + 373t* + 1384° 4+ 5090t° + 16624t” + 51704% 4+ 147710t

+398449t'° 4+ 1002184t"" + 23801252 + 5315986t + 11242817t** + 22490428¢'° + 42734482t'¢
+ 771290827 + 1326001758 + 217226432t + 339776481¢%° + 507652538t>! + 725554206¢>2
+992336730t>% + 1300184884t>* 4 1632358790t>° + 1965329545t%° + 2269415812>" + 2514755940

+2674032378t> + 2729508494t™ + - - 4 %), (E.94)

- 72 —



E.2.4 U(4)

TN =8 U g _ 1+ t+26% 4 3¢ + 5t* + 26° +2(° (E.95)
1= -e)1-)(1-t)
0@ b a1y _ 1+ 267 + 46 4260 + 460 + 267 4465 4 260 + 1042 (E.96)

1—-02(1—t)2(1—£)2(1— 8)? ’

7U(4) ADHM-[2](H) (®)

1

_ 2 3 4 5 6 7 8 9
= T E ey iy (L3 08 226 4367 + 85¢° + 153t 42736+ 440¢

+ 680t"0 + 982t 4 1364t"2 4 1778t"% 4- 2225¢"* 4 2633t'° 4 2081'° + 3187' 7T + 3274'% + . .. +-£%9),
(E.97)

7U(4) ADHM-[3](H) 0)

1

2 3 4 5 6 7 8
00— o)r e iy (L O + 206 58 + 1556 440767 + 084t +-2203¢

+ 5007t + 10462'° + 20786t"" + 39504t'2 + 71651' + 124558t"* + 207293¢"° + 331114t'¢ + 507632t'7
+ 748125t 4 1059928t"° + 1445460¢%° + 1897583t>! + 24002562 4 2925807+>° + 3438988t>* + 3897930t°

+4262524¢%° + 4496723¢°7 4+ 4577852t%° + - + £°%), (E.98)
U@ ADHM-[4](H)(t)

1

2 3 4 5 6 7
TP Oy i)y py (L5t 256 + 1076 + 427¢" + 15646+ 5300¢° + 17494t

+ 53903t 4+ 1579637 + 441717¢'° 4 1180555t + 3021599¢'% + 7416302t"* + 17480180t™* + 39610858t"°

+ 86394700t'® + 181555520t' " + 367969527t"® + 719933931"? + 1360920322¢°° + 2487642612¢>"

+ 4400438535t>% + 7538275660t°% + 12514477648¢>" + 20146251681¢%° 4 31468375511¢°° + 477190355847
+ 70285764876t + 100601604158t + 139988082494t°° + 189450691312¢>" + 249445133688¢>

+ 319644300984t> + 398746337151¢>* + 484367021263t> + 573055921814>¢ + 660460479592¢>"

+ 741640891925t + 811510310462t>° + 865349932560t*° + 899327677397t*" + 9109431974262

+4..+t84). (Egg)
E.2.5 U(5)
2 3 4 5 6 7 8
TN=8 U(s)(H)(t): 14+2° 4+ 440 4+ 300 + 20 42t + ¢ 7 (E.lOO)
(1-92(A-8)(1-t)(1 - )
7V ALy _ LF 426 + 468 4660 + 70 + 8 41268 + 1267 + 1440+ 4420 (E.101)

1—02(1-£)2(1-8)2(1-t)2(1—)? ’
TUEG) ADHM-[Q](H)(t)
1

= 14 2¢% + 663 + 14¢* + 265 + 59t° + 108t” + 21668
A= 02(0 V(1 — ) — 6P —F)i (1 —w)p (L2 60+ 140+ 260 4596+ 108+

+ 382t + 669t° + 1090t + 17882 + 2718t'3 + 4080t** + 5844¢'° + 8166t'° + 10902¢'7 + 14271¢'8

+ 17886t + 21899t°° 4 2582447 4+ 29701*% + 32898t%% 4 35621¢** + 37152t>° + 37792¢%° 4 - . . +- 7)),
(E.102)

- 73—



7U(5) ADHM-[3](H) 0

1

1+ 8% + 146 4+ 144¢° + 428° 4 1050t + 2767
(1_t)2(1_{2)3(1_@)6(1_{4)8(1_t5)6(1_{6)5( +8t°+ +57t" + +428t” 4+ 1050t" + 276

+ 6494t 4 15455'0 + 34436t 4 757772 + 159098"% + 327449t"* + 648564¢"° + 1254726t'° + 2349032t""
+ 4289709t + 7604480t"° + 13149870¢* + 22118900¢>" 4 36305505t>% + 58057680t> + 90643611¢>*

+ 138043192t + 2053745244 + 2983281127 + 423592293>® + 587714724>° + 797485928¢>°
+1058110306t>" + 1373683837°% + 1744737596t 4 2169208793>* + 2639700608t>® + 3145467255¢°°

+ 3669881102>7 + 4193883413t>° + 4693901906t 4 5146817398t*" + 5528151672t*" + 5817914594*>

+5998467330t* + 6060236338t** + - - - + %), (E.103)

7U(5) ADHM-[4](H) 0

1

i 1+ 142 + 263 + 144¢* + 422¢° + 1525¢° + 4552¢7
0070 — )T (1= O — )T —B)s( — )7 (- T 140 260+ 144044220+ *

+14320¢° 4 40898t 4+ 117057"% + 316842t " + 842382t + 2152660t"® + 5371784"* 4 12971888¢"°
+30541134t'° + 69840248t"" 4+ 155701665t 4 337909034t + 715371143¢° + 1476631912¢™"
+2975725193t> 4 5854314772t>° + 11254266633¢°* + 21144255650> 4 38850833773t°° + 69832405852t
+122857970873t>® + 211626350724%° 4 357074135539¢>° + 590338971892>" + 956693584086¢>>
+1520196834136t>° 4 2369377032433t>* + 3623221733944¢>° + 5437702724926¢>° + 8011339379254¢>"

+ 11589946780455t°° + 16468097235248>° + 22987646520104t*° + 31529957469668¢""
+42503114080404t** 4 56320324713258t** + 73372891064703t™* + 93994170471124¢*
+118421152614268t"° 4 146750638794106t"7 + 178900384837948t*® + 214572126197044¢*°
+253229805508166t°° + 294087984821878¢”" 4 336124698825151¢°% + 378109217680110¢>

+ 418657557076879>" 4 456299760943124¢”° 4 489569121896438t° 4 517091081311966¢>"

+ 537680248696289t°° + 550419745121320t> 4 554732530432476t%° + - - - +-¢'%°). (E.104)

E.2.6 U(6)

TN =8 VO ) () _ 1+t+26 + 36 + 5 + 7€ + 11° + 8" + 965 + 7¢° + 61" + 2¢'' 4-2¢'?
- (1= -e)1-8)(1 ) (1 - ) (1 19 ’

(E.105)
7U(6) ADHM-[1](H) (®)

1
=071 —0)P1—FPA—O1 PRIt

1426 + 4t +4t° + 8¢5 4+ 8t" + 13¢° + 18¢° 4 24¢*°

+ 221 4 316" 4+ 30¢"% 4 306 4 - - 4 47%), (E.106)

7U(6) ADHM-[2](H) 0

1

14264 56 4 146 4+ 366 4+ 83¢° 4 1935 4 4227
=0l )1 0)i(1 = B = @)1 —g)F (L T 2O+ 146+ 36 4856+ 193¢+

+892t% + 1821t + 3620t'° 4 6955t + 130172 + 23649t"% + 41856t + 72130¢'° + 121233t*® + 198686t'7

— 74 —



+ 317998t 4+ 496951 + 759026%° + 1133300¢*! + 1655290t>2 4 2365512¢>% + 3309485¢>* + 4533761¢>°
+ 6084418t +8000798¢>7 + 10312362t%® + 13030773t° + 16147551¢°° + 19625914¢>" + 23401717>2
+27378910¢>° + 31435436t>* 4 35423981¢>° + 39184907¢>¢ + 425508337 + 45364374 + 47484587+%°

+48803727¢"0 + 49250804¢*" + - - - 4 £3?), (E.107)

7U(6) ADHM-[3](H) 0

1

1+ 2t + 10¢% + 32¢% + 103t e 5 + 2403¢"
(1—{2)4(1—t3)6(1—t4)8(1—t5)7(1—t6)6(1—t7)5( + 2t 4 10t” + 32t 4+ 103t" + 303t” + 880t~ + 2403

+ 6406t 4 164517 4+ 41104t"° + 99689t 4 235704t 4 542806t"° 4 1220385t + 2678842t"° + 5747852¢'°
+12059561'7 + 24760541"® + 49768790t 4 97988297°" + 189050446t>" + 357574789t>* + 663285154¢>°
+1207114077¢** + 2156043656¢>° + 3780758446t 4 6511008636t>7 + 11015424083¢>° 4 18313164789>°

+ 29926658258t + 48084095959>" + 75981153517¢** 4 118107659469¢> + 180642989031¢>*
+271914798581¢% 4 402909461928t 4 587806581955t 4 844499953747¢** 4 1195045759756t

+ 1665969699878t 0 + 2288343601620t"" + 3097543188313t 4 4132588331998t*® + 5434990864127**

+ 7047045391784¢* + 9009554147554t + 11359010757358t"7 + 14124352066722¢*° + 17323432506807¢"°
+20959468679725¢°° + 25017729216583t°" + 29462814279862¢7° + 34236842330972¢°

+ 39258874231657t°* + 44425799988391°° + 49614858084543t°° + 54687780147279¢°"

+59496456465722¢°® + 63889811892733%° + 67721499280858t°" + 70857850726009t°*

+ 73185524398898t + 74618214302346¢°% + 75101907322384t%* + - . - %), (E.108)
E.2.7 U(7)
2 4 _ 2 4 5 6 7 8 9 10 11
TN=8 UMD () _ (T4t €+ )1 — 422 +t1 4360 + 200 4 267 + 263 + € 4 2¢10 1 ¢11) (E.109)

1-01-E)(I-t)(1-B)(1- )11 ’

7U(7) ADHM-[1](H) 0

1 2 3 4 5 6 7 8
= PP Fra—ePa—epra —Epa (U HE 2 6 120 4180+ 26¢

+38t° + 5710 +- 76" + 107" + 132"% 4+ 170M + 204t + 241¢'¢ + 272¢'7 + 308t'® + 326t'% + 345¢%°
+348¢%" - 1), (E.110)
ZU() ADHM-[2](H)(t)

1
=01 = BP0 (1= O (1B (1 — O (I —F)

14 t+ 44 + 10¢® + 26t* + 57¢° + 136t°

+293t7 + 636° 4 1308t + 2671t"° 4+ 5262t"" + 10214t 4 19257¢"% + 35708t** 4 64621'° + 114866t'°
4199808t 4 341432t™® 4+ 571933t"° + 941371¢°° + 1520806¢>" + 2415178> 4 3768282¢>% + 5782441¢**
+ 8724301%° + 1295202247 4 18918304°7 + 27202887t>® + 38506000t + 53681013t>° + 73706472t
+99711033t%% + 132910518t + 174616789t>* + 226128108>° + 288718943°° + 363479944

+ 4512981388 + 552656797¢>° + 667629271t + 795666608t " + 935642392t*% + 1085664220t

,75,



+ 1243210254t + 1404999634"° + 1567247336t + 1725609652t'7 + 1875555249¢*% + 2012369797t*°

4 2131606970t + 2229104646t°" 4 2301447720°% + 2345932985t 4 2360969518t°* + - - - 4 %),
(E.111)

7U(7) ADHM-[3](H) (1)

1

142t+9¢ 95t 2748 t°
(1_t2)5(1_t3)6(1_t4)6(1_t5)8(1_t6)6(1_t7)6(1_18)5( + 2t 4 9t° 4 30t” + 95t" + 274¢” + 793

+ 21587 4 5755t° 4 14816t” + 37314t"% + 91484¢"" 4 219635t"* + 515496t"° + 1186318t** + 2675776t
+5924159¢'% +12875700t"" 4 27496124t"® + 57706270t 4 119092408¢*° 4 241750692¢>" + 482905002¢*
+ 9494674744 4 1838110265t>* + 3504654844¢>° + 6583041855t°° + 12184806532t

+ 22229596004¢%° + 39981798842¢>° 4 70910510194>° 4 124041657510¢>" 4 214054755605¢°>

+ 364475536128t 4 612467788824¢>* 4 1015898476656t>° + 1663600805614°° + 2690021707948¢>"

+ 4295807559681¢> + 6776224797996t>° + 10559773176694¢*° + 16259696112820¢*" 4 24741540966872t*>
+37210082150702t** + 55319126202045¢** + 81307356034014¢"° 4 118162976340427¢"°

+ 169818581888452t"" 4 241376255366926¢** 4 339360127940272¢* 4 471990910765072¢>°

4 649472488754466t°" + 884276769733050t” + 1191407283017910¢> + 1588617838525357t>*

+ 2096556786474320t°° + 2738804771196409t°° + 3541770109040044¢°" 4 4534407373638730¢°

+ 5T47725524761090t°° + 7214060057868625t°C + 8966090884896262t°" 4 11035603909769281¢°°

+ 13452008091919766¢ 4 16240643120958910¢°* 4 19420930413328940t%° 4 23004446285931830t"°
+26993011489566990t°7 + 31376913190041974t°® + 36133380556367648t" 4- 41225444884032641™

4 46601302662074454t"" + 52194291979728887t"° 4 57923559194503618t"* + 63695466736967801¢"*

+ 69405741706630596t™° + 74942327640642557¢"® + 80188843099333230t"" 4 85028515076245926¢™

+ 89348403757204890t™ 4 93043716233404999™ 4 960219769494888361" 4 98206832251509621¢>

+99541266723291972t + 99990050596853638¢>" + - - - 4 £'°%). (E.112)

E.2.8 U(8)

TN'=8 U(8)(H) (1)

1 2 3 4 5 6 7
= 2 11 1
(1—t)(l—tQ)(l—tg’)(l—’t4)(1—t5)(1—t6)(1—t7)(1—t8)(1+t+ 4+ 37+ 5t + 77 + 11t + 15t

+226% 4+ 21¢° + 2510 4 256" 42712 4+ 236" + 2261 + 156" 4+ 13¢1° + 81T - 6¢"° + 27 + 2¢%°), (E.113)

7U(8) ADHM-[1](H) 0)

1

1+ € 426 44t 166+ 1260 187
02— B)P(1 B~ 0P (1— B)2(l —B)R(1 e)p(I w1t PR

+33t% + 44% + 72480 1 102¢" + 156" + 208" + 298" + 386t"° + 520t*® + 6467 + 827" + 990t'°

+12106%° + 13906 4 161667 + 1788t™ 4 1996¢°" + 21106> 4 2254¢7° + 22946°7 4 23526° + . .- +- %),
(E.114)

— 76 —



7U(8) ADHM-[2)(H) 0)

1

=0 =P =B =B (= B = B[ )i ey —pyp (4 + e 2rd

+ 616° 4 146¢° + 319" 4 701¢% + 1479¢° + 3074"% + 6227¢"" + 12433t + 24238t"* + 46559t"* + 87755¢"°
+ 1627910 4 2968627 4 533245t + 942604t"° + 1641943¢%° + 2817562¢> + 4766462t>> + 7949039¢>
+13075673t>* + 21215509> + 33967818t%° 4 53672334%7 + 83721276¢>° + 128938668t>° + 196113061¢>°
+294621966¢>" 4 437277378¢ 4 641274985¢% 4 929417300¢>* + 1331427437¢* + 1885556987t°
+2640188142t* 4- 3655701433t>® 4 5006129620t>° + 6780934016¢*° + 9086244560t + 12045972848t
+15801902007¢** + 20513360532t** + 26355310657¢* 4 33515711230t*® + 42190816860t "
+ 52579620556"° + 64875914944¢* + 79259771046¢°° 4 95886714939t°" + 114877028995t
+ 136303392906t 4 160179911908t 4 186450497709¢°° 4 214980384417¢°° 4 245548274707¢"
+ 277843337139¢%° 4 311464045039t + 345923239772t%° 4 380655501580¢°" 4 415031369460t
+ 448373380628t%* + 479978300440t°* + 509139652017t + 535174708032t°° + 5574491731944
+ 57540395596 1t°° 4 588576717346t%° 4 596622852200t + 599328799752t + - - - 4+ £'*%). (E.115)
E.2.9 U(9)
IN:s U(9)(H) (t)

1 2 3 4 5 6 7 8
= t 4t 3t 8t Tt 15t
00— 0O 0@ @) L T2 HE 3080470+

+ 1587 + 17619 4+ 2081 + 22612 4+ 22¢1% 4 23t 4+ 21415 + 19618 + 15617 + 1448 + 961 + 8¢%° + 5¢3 + 2¢%2
+ 26 1674, (E.116)
TV ADHM—[I](H)(t)

1
=0 (1— P —F)P 1P —6)P1 P11 —ERI—r)

1+¢2 426 +at* +6t° +12t°

+18t7 + 3365 + 52¢% + 7910 + 120¢M* + 1887 + 270t"3 + 398t + 56215 + 788¢*% 4+ 10707 + 1454¢'8
+ 1902t + 2484%° + 3166t>" + 3976%% + 48987 + 5974>* + 7106t + 8374¢%® + 9684>” + 11040t>®

+12358t%% + 13679> + 14836¢°" + 15914>% + 16770t 4 17427¢** + 17804¢% +17980¢%° + - .. +7),
(E.117)

7U(9) ADHM-[2](H) 0

1 2 4
- 1-941-1)21—-8)2(1 —-t4)3(1 —2)*(1 —19)8(1 —t7)4(1 — t8)4(1 — t9)4(1 — £10)3 (1—2t+5¢"+9¢

+12¢° 4+ 45t% + 60t" + 181¢% + 304t° + 702'° + 1280t*! + 2690t'2 + 4902¢*2 + 9703t'* + 17684t'°
+ 33246t + 59744¢'7 + 108583t'® + 191030t'° 4 337079¢>° + 580720¢>" + 9970772 + 1681138¢>*
+28159114%* + 4644968t%° + 76014342 + 12273272¢%7 + 19641831¢%® + 31055310¢%° + 48649506>°

+ 7535490663 + 11563571032 + 175563894¢>% + 264072778¢>* + 393181310¢>° + 5800214573°

— 77 —



+ 847313248¢% 4 1226552793t>® + 1758809888t>7 + 2499538497t + 3519778738t 4 4913038174¢**

+ 6796841268t™ + 9322154872t + 12674892698t*® + 17088163538t + 22843002988t*" + 30283276500¢*
+ 39814280450t 4 51919771502¢°° 4 67156174434¢°" 4 86170630901¢°% 4 109687969004t

+ 138527956029t™* + 173581619422°° 4 215825927423t + 266285676012t°" + 326044199007¢°

+ 3961879355144 4 477812574527¢%° 4 571948958502t°" 4 6795663738592 4 801480390722t

+ 938357696799t + 1090609809750t + 1258406122966t°° 4 1441560421328t%” + 1639561580704°

+ 1851461255736t%7 4 2075932773978™° + 2311169379340t™" + 2554980063163t + 2804706293820t
+3057360694312t™ + 3309565492672t"° + 3557734759478¢"° 4 3798032916192t + 4026593642451™

+ 4239491072816t + 4432982685300t°° + 4603479681474 4 4747796830193*> + 4863106473860t

+ 4947175498721 + 4998288499912t%° 4 5015454641234 ... + '), (E.118)

E.2.10 U(10)

IN:S U(10)(H) (t)

1
=) —E) (1=t (1= 6) - )1 —F) (1 &) (- e)1—a0)

1+t+22 + 38 +5t1 4765

+11894+15¢7 + 2263 + 3067 + 42410 +- 451 + 56412 + 62413 + 7161 + 74¢'° + 8016 + 7647 +- 7718 6710

+63t%° 45367 4767 +346%° +206%* +19¢%° + 146%° + 86%7 + 6¢°° +2¢*° +-2¢%°), (E.119)

7U(10) ADHM-[1](H) (t)

1
=020 CPa PP -0 A1) (1 —©) (1 —)

14263 + 4t +4¢°

+8t° +14t" +25¢5 +38t° +- 6310 + 90" + 146t"2 + 218" + 327" + 468t'° +685t'° + 956t +1353¢*8
+1838t"9 +2510t%° +3334¢2" +-4421%% 4571267 + 7373¢%* +9290t%° +11640¢%° + 14314>7 4-17494¢%®
+20958t%° 4 24962t%° + 29202t 4 3390432 + 38728t 4 438883 +48934¢3° 4 54138t%° + 589687

+63698> +67794> + 71538t + 74358t + 766722 +77900* + 78460t + - - - +-£°%), (E.120)

7U(10) ADHM-[2](H) 0

1
(1—62(1—2)2(1—8)2(1—tH) 21— )21 —16)6 (1 —t7)5 (1 —8) 4 (1 —°)4 (1 — £10)4(1 — 11)3 (

14442

+86% +20t" +-46¢° +112¢° +237t" +536¢° + 1122t +-2375¢"0 +4855¢" ! +9879¢"* + 19620t + 38679
+74860t"° +143472'° +-271029t"" +-506679t"® +-935297t" +1708843t°° + 3086526t>" + 5518852t
+9763619t°% +-17104095¢°* 4 29663629¢>° 4+ 50957309¢>° +86699539>” +146152876¢>° 4 244109690¢>°
+404071766¢>° +662906540¢%" +1078079220t%% 4+ 1738146055t>* 4 2778609560t>* + 4404648758t
+6924612705t°° +-10797379648t%" 4+ 16700556732t +25625442946t> +39010872907¢*° + 58926587197"!
188326377343t +131389131208t** 4+ 193980258792t +284262632865t*° 4413506977805t *°
+597145860562t"7 4+ 856144451274*® +-1218750927815t" +1722728217990t°° + 2418150280550

+3370896108607°% + 4666941983190t°3 +6417614214796t°* +8765909333158t°° + 11894061685935t°°

— 78 —



E.

+16032448867833t°7 +21470009054828t°% + 28566205756582t°° + 3776466948276 1%° + 49608442007688t%*
+64756854907911t%% +84003788708149t%% +108297184277879t5* 4-138759297559868%°
+176707349030151%¢ +223673736818777t°" 4 281425204939595t°® 4 351979775988529¢°°
+437620584812847t"° +540905080037550t"" 4 664668548396673t"> 4 812020181659988t">
+986330620543689t"* +1191209134203411"° +1430469603797609t"® 4-1708083679494686t""
+2028120843606380t™° +2394674289765652t"° + 2811773277082400t>° 4 3283281739154659t>*
+3812785059167559t%2 +4403465911672592t% + 5057972536657394¢* 4 5778281553589210t%°
+6565560128473393%° +7420030652750900t% + 8340843918650905t°% 4 9325964562681645t>°
+10372075371076527t°0 +11474504129686120t°" 4 12627179421193918t°% 4 13822618078083771"*
+15051949583998778”* +16304978237027169t*® + 17570286385612258t°¢ + 18835376888365574t°"
+20086855495266342t" +21310648210451422t%° 4 22492251505068000t'°° +23617007403650559¢°*
+24670398785415138t'%% 4 25638354486582958t'%% ++ 26507557842402409¢'%* + 27265746904898686'°°
+27901999512174388t'%% 4+-28406991505001717'°7 + 28773222243213245¢'°% 4+ 28995197263795448¢'%°
+29069564576783270t" 10+ - - +-£7%0). (E.121)
2.11 U(11)

Z—N:S U(ll)(H)(t)

1
(1= 02(1—8)(1—t)(1—t5)(1—16)(1—7) (1— &) (1 — ) (1 — 00) (1 — 1)

(14268 +6 + 4t +36°

+80 +7¢7 + 1565 + 157 + 27610 + 29t + 3612 + 42¢12 +- 5061 + 55¢1° + 621 + 65t +69t8 +68¢°

+69t20 462471 4+ 62672 + 54423 + 492 + 41475 4+ 3567 + 2727 + 21428 +-164%° + 1163° + 883 +-5¢°% 42433

263 6%, (E.122)
U@ ADHM—[l](H)(t)
1 14+€
(1 _t)Q(l _t2)2(1 _t3)2(1 _t4)2(1 _t5)2(1_t6)2(1 _t7)2(1_t8)2(1 _t9)2(1_t10)2(1_t11)2 ( +

4265 44 +6¢° + 120 + 18" +-33¢% +-52° +-88t'0 + 138" +218¢"% 332" 4 517¢* +774¢"° +-1160¢'¢
+1696t' T +2478¢"® +3538t" +5037t%° +-7032¢>" +9759¢* + 133324 + 18073¢>* + 241544 +32018¢>°
+41890t%7 +54317¢%% +69590¢%° +88359t°° +110892¢>! + 137930t>% 4+ 169672¢>° +206829¢>* + 249474
+298185¢%¢ +352752¢%7 4413592 + 4800744 4+ 552285¢*° + 629168t 4+ 710427¢*? +794500¢*3
4880751t +967164t*° +1052803t"° +1135390¢"" 4-1213850t"® +1285778t"% +1350274t°° + 1405030¢°"

+ 144945372 4-1481708¢°% +1501706¢°* +1508168°° + - - -+ £'17), (E.123)

70 ADHM—[2](H)(,‘)

1
(I—2)3(1—)A(1—t1) (1 —15)5 (1 —t0)4(1—7)5 (1 — 3)4 (1 —t9)4(1 —t10)4(1 — ¢ 1)4(1 —12)3 (

142t +6t

+16t3 +42¢* +99¢° +235t° + 527t +1170t° +2518° +5339t' 0 +- 11079t + 22682t + 45635t'> +90661"*

+177617¢"° +343873t'6 + 657678t + 1244242 4 2328238t + 4312594%° 4+ 7908080t>" +14363114t>2

- 79 —



+25842244¢%3 4 46075765t>* 4+ 81420823%° 414263777742 42477590377 4426783456t +729162865¢>°
+1235807572*° +2077960116t>" + 3466908598t +5740014091¢>® +9431905065¢>* 4-15383126820t°
+24905388013t>% +-40029956697¢>" + 63879356048t +101217718696¢>° + 159261342789t *°
4248860975531t 4386216201413t + 595338986631t +911571847587¢** +1386568974296*°
+2095303360759t"° 4 3145842681922t*7 4 4692898086600t*® + 6956451697745t 4 10247194999052¢°
+15000996343678¢°" +21825285333447°% + 31560993299330°% + 45364698777787t°* +-64816737917051¢>°
+92062498549519t°° + 129995681050081t°7 4 182494318472938t°° ++ 254722434313906t°°
+353512836898046°° 4+ 487849154614141°" +669468419217469t°2 +913608495722319t%3
+1239928254822698t%* + 16736314237779341°° + 2246828619641834t°° 4 3000174533798362°”
+3984820047182998t%° + 5264719973656582t°% +6919338104191495t"° +9046789263056230t "
+11767455823153968t7% 4 15228109653843885t"> 4+ 19606563370951145¢"* +25116862024443428¢"
+32015012868310531t"° +40605230333944369t"" +51246652358119298t™° + 64360455051292155¢"°
+80437264142335401% +100044724215406648%" +123835052084405979¢% 4 152552357179314431¢%
+187039474563238026t>* 4-228244011102559244¢>° + 277223271384223712¢% + 335147690002905038>”
+403302374378120616>° 4 483086336113779538>% 4+ 576008987586700824t”° + 683683477728674869t”"
+807816470659884681t°% +-950194000396522682¢”° +1112663103697175417¢** +1297109000971810935¢°°
+1505427707270383061¢° +173949406232749146 777 +2001125321868805946°° 4-2292040592071387932¢"°
+2613816573424824275t'°0 4 2067840238037577854t' ! ++3355259261558707909¢ %2
+3776931184193619400¢*% 4 4233372459695421262t'** 4 4724708671551343495¢'°°
+5250627337548513771¢'°° 1+ 5810334780825196163t' 7 +6402518615752503054¢°%
+7025317363267950850t'°? 4 7676298685637647886t" 10 4 8352447588085443561 ¢
+9050165803755330325t" 1% +-9765283323309187883t"1® + 10493082797929962877'
+11228337190575180450t 15 +11965360739347818185¢" 16 +12698072876271182718¢" 7
+13420074395498132545¢1® +14124734725207425555¢ 19 4+ 14805288822454950627¢2°
+15454941807623643468t" %" +16066979191641944473t"%* +16634880240088135549¢ %
+17152431878546968671"%* +-17613840374788464127"%° 4+ 18013838054887265974t" 26
+18347782309713444850t*%7 + 18611744346318829558t"%° ++ 1880258530908401 54842

+18918017758743384263t"%° +18956650814916034454¢' > + .. . +£29), (E.124)

E.2.12 U(12)

TN=8 U(12)(H) 0

1 2
Qs Qe Y ey Y e Y g Y Gy G e G ey Y ) e T p e RO

4368 + 5t + 765 + 114° + 1547 4 2265 + 30t + 42¢1° 4+ 56411 4+ 7742 4+ 8813 + 1106 + 129¢!° + 153¢16

— 80 —



+ 17187 + 196t 4 200t + 220¢%° 1 235¢%" + 24472 + 2387 + 2412 4 226t%° 4 218¢%° + 198¢%7 + 182t
+155t%% 4+ 13963° + 11163 4+ 95632 4+ 73633 4+ 58t + 4163° + 33¢3% + 20637 + 14438 + 83° + 610 + 24!

+242), (E.125)

7V(12) ADHM—[I](H)(t)

1
(1 — t)2(1 _ t2)2(1 _ t3)2(1 _ t4)2(1 _ t5)2(1 _ t6)2(1 _ t7)2(1 _ t8)2(1 _ t9)2(1 _ t10)2(1 _ t11)2(1 _ t12)2

X (1462426 + 4 +6t° +12t° + 187 + 33¢° + 5267 + 88¢'° 4 138t"" 4 229¢'% + 342¢"% 4 544" + 824¢"°
+ 12610 + 1868t +2798¢'% + 4064t"” + 5941¢°° + 8488t°" + 12119¢°% + 16998t>* + 23797¢>* + 32748¢*°
+ 449266°° + 607926>7 + 81794¢°° + 108712¢%° + 143664t°° + 187630t>" + 243556t>% + 312794¢*
+398998t>* 4- 503942¢%° + 632174t + 785398>" 4 969096t>° 4- 1184936¢>7 + 1438637t*" 4 1731426t""

+ 2069296t + 2452014¢*® + 2885325t + 3367260t"° 4 3902193¢"® + 4485872t*7 + 5121164t*
+5800198t* + 6524105t°° + 72817164 4 8071384t 4 8878682t°® ++ 9700200t°* + 105179444
+11327328t°° 4 1210845277 + 12855732t°° 4 13548794°% 4 14183157t°° + 14738374t%" + 15212608t

+15587956% + 15865271t°* + 16030440t°® 4 16088968° + - - - + %?), (E.126)
TU(12) ADHM-[Q](H)(t)
1
(1 + t)3(1 _ t2)(1 _ t3)4(1 _ t4)3(1 _ t5)5(1 _ t6)4(1 _ t7)7(1 _ t8)5(1 _ t9)4(1 _ t10)4(1 _ t11)4(1 _ t12)4

1
oy

x 14 5t+ 1762 + 516 4 144¢* + 381t% + 960t° + 232117 + 5431¢5 + 12354¢° + 27424¢"°

+59556t"" + 126870t"% + 265584t"% + 547196t"* + 1111028t"% + 2225577t'° 4 4402361¢"”

+8606072t"® + 16637616t' 4 31827565t°° + 60278563t 4 1130749204 4 210176273t 4 387228697¢**
+ 707378062t + 1281609918* 4 2303493614>7 4 4108103311¢>° + 7271187179t + 12774898730t
+22282760092¢%" + 38592689290t>% + 66378170756t 4 113392595542¢>* 4 192412856560t

+ 324355058694t>¢ + 543235901068t>” 4 904021339784t + 1494961731480¢*° 4 2456853315316t
+4012922625561t*" + 6514899190700t*% + 10513598701742t*® + 16866382923360¢** 4 26899750322016¢*°
+42653833156139t*° + 67247821658975*7 + 105422825438544*® + 164343486569329*

+ 254774624065590° 4 392798137838011¢" + 602303503197583t°% + 918579296995633t>

4 1393462439121048¢>* + 2102678131617284t°° + 3156242461945635t°° + 4713121432891898¢""

+ 7001770752414753t°® + 10348752991304288t> + 15218384483971637t%° 4 22267355770895648°"

+ 32419561547088429t%% + 46968048873037297%% + 67713143737557154%* + 97148563951746968¢%°
+138710812718890323t°° 4 197111539751866924t°" 4 2787780529706783261°° 4 392433991762348776¢°°
+ 549860594901452716t™ + 766889307804855458t"" + 1064689004961727217¢"

+1471426213788717245™% + 2024394803689409942¢™* 4 2772733053112734671¢"°

— 81 —



+ 3780871242269329339t™° + 5132882343239835475t"" + 6937942371054797732¢"
+9337145839497994485¢™ + 12511965773672510126¢>° + 16694696978963385549t>"
+22181275703392997971¢% + 29346928183845875927t% + 38665164298936152191¢**
+50730699784179417434¢*° 4 66286959938196105031*° + 86258887733601804914”
+111791847514317687454% 4 144297479199264795957*° + 185507413715836449312¢°°

+ 237535804191367260994”" 4 3029516545530549486147% 4 384861932291480002712t°

+ 487006429354258620341t™ 4 613865278063748447555t” + 770779930897495436192t"°

+ 964088267025447550224¢”7 4 1201274287873128315340t°® + 1491132602181465541654¢”°

+ 1843947572315328353037' % 4 2271686593188100100315¢'% 4 2788206499937522492639¢%>

+ 3409471549084600566537%% + 4153780791507994520047"** + 5042001958115467285425¢'°

+ 6097808217960423920147+'%° 4 7347913354683989547827' %7 4 8822300055668153281263t' %
+10554435138355054480113¢%% + 12581464673494142292455¢" ™0 + 14944381133351208379698¢ !

+ 17688153926045645924560t" 2 4- 20861814010347861710691" > 4 24518482756667625905287¢'

+ 28715334869402668854508t"'® + 33513485054073920753139t" ¢ + 38977788239543333262349¢ 17

+ 45176543588946197824617¢ ™ 4 52181093286279440017742t** 4 60065308196914147535753¢*2°

+ 68904953989556419309147¢">" + 78776933185127267609051'** + 89758400863631778305901¢"%*
+101925754399922532369615¢">* + 115353500585246297585166">° + 130113006781076861779147"2°

+ 146271146286448678553595t" %7 + 163888851806673133848649t"® + 183019594701604834327913t"*°
+203707811464816272056792t"*° + 225987302528607507369202t ! + 249879631883689109248815¢"%>

+ 275392559020743148033275¢"*% + 302518537217793086763131¢'>* + 331233314088541586205975¢"%°

+ 361494671457530529014984t"%¢ 4 393241341934632448127744"%7 4+ 426392138938914911361499¢'*®

+ 460845335305918039112532t"%? + 496478322965555722810398t* 4" + 533147582490996226361894¢"**

+ 570688986616102205736414™*% + 608918456156684681045040t'*® + 647632980240881371121994¢"**

+ 686612005480297710255348t"*® + 725619190852983478257686t"*® + 764404516805254886593904"*"

+ 802706728620423822769565¢"*% + 840256085673534272448002t'*? + 876777380030101945375539¢"°°
+911993180193588522660734t' %" 4 945627248898658747994607t'%? + 977408077908861742660716t'*°
+1007072478013579479428793t'** 4 1034369159005379605658734t'%° 4 1059062232497899893849798¢"*°
+1080934570115901703861630t"°" + 1099790950909612362641276t"°° 4 1115460934820765323306297¢'°°
+1127801403615755079924864' % 4 1136698716808114935531678' %" 4 1142070437578667659894753t'

+ 1143866592381786992636888t"%° 4- - - - 4-£°%%). (E.127)

— 82 —



E.2.13 U(13)
TN=8 U(13)(H)(t)

1 2
B O O S G [ G O I S [ D [ R e e R

+ 2 4t £ 36° £ 8% + 77+ 155 + 15¢° + 2710 4 20¢" + 4812 + 53t + 68" + 81t'° + 9916 + 113¢'7
+ 134" + 148" + 168t2° + 1817 + 1972 + 203t23 + 216t>* + 213t%° 4+ 219t%° + 213> + 210¢*® + 196¢*°
+188t30 4+ 16963 + 155¢32 + 137433 + 118634 + 1016%° + 86¢3° + 69637 + 55¢3° + 433 + 33¢1° 4 23¢*!

+18t"% + 114" 4 8™ 4+ 5¢™° + 2610 + 2417 4-4%%), (E.128)

7U(13) ADHM-[1](H) (®)

1
T -2 —2)2(1—3)2(1 —t4)2(1 —15)2(1 — 16)2(1 — £7)2(1 — £8)2(1 — £9)2(1 — £10)2(1 — £11)2(1 — ¢12)?2
1
“a—asye (14 € + 26 + 4 +6t° + 126° +18¢7 +33¢% + 52¢7 + 88" + 138" +229¢" 4 354¢"°

+555¢"" 4+ 854t"° +1317¢'° +1982¢'7 4 2994¢'® + 4432t"? 4 6553t°° + 9552t°" + 138577 4 19858t>°
+283226** + 39928%° 4 5596017 + 7767427 + 107104 + 146348t + 198655t + 267340t>" + 3573412
+473810t™ 4 623914>" 4 815244>° +1058053¢°° + 1362882t + 1743734>° + 2214954¢%° + 2794721¢*°
+ 3501486t + 4358199t*? + 5387314t"* 4 6616262t** + 8071214 + 9783044¢*® + 11780242¢""
+14095748*® + 16757780t™ + 19798592¢°° + 23243448°" 4 27119970t°% + 31446264t + 36241616t°*
+41512180t°% + 47264275t + 53488164t°" 4 60172639t°° + 67288316t + 74804021%° 4 82667844t
+90827287t°% + 99208604t°® 4+ 107738367t°* 4 1163232241 4 124873435t + 133280566t°"

+ 141444753t 4 149250810t% + 156596525t + 163369272t" " + 169474948t"> + 174812546t™

+ 1793058147 + 182875734t"° + 185471434¢™° + 187043244177 + 187572686t + - - - + '), (E.129)
7U(13) ADHM—[2](H)(t)
1
11—t —2)11—8)1(1 —t)2(1 = 5)5(1 —6)4(1 — t7)4(1 — £3)5(1 — £9)4(1 — t10)4(1 — t11)4(1 — t12)4

X 1 (
(1 _ f13)4(1 _ f14)3

1+ t+ 362 + 963 + 24t + 49¢° + 116t° + 25447 + 5542 + 1155t + 2413¢'° + 4904¢'!

+9903t"% + 19605t"? 4 38485t"* + 74497¢"° 4 142923¢'° 4 271004t"" 4 509469t"® 4 948333t'? + 1750761¢*°
+3203931>" + 5817807°% + 10480188t> + 18740637t 4 33264797>° + 58633887t*° 4 1026343217

+ 178458986¢7° 4 308258681t 4 529069080t 4 902326498¢>" 4 1529454121> + 2576707802¢>
+4315219245¢>* + 7184269288t + 11891804449t + 19571729636t + 32030488120¢**

+ 52129009029¢%7 + 84374008599t*" + 135824387486t*" + 217477767401t** + 346373556161t*

+ 548773129102 4 864932716268t 4 1356240256066t '® + 2115814270741¢"" + 3284179577078¢"®
+5072304750897* + 7795310674660t°° + 11921498311228t°" + 18143333958688¢™°

+27479639486373t>% + 41422022283512t° + 62143543662379t>° + 92794682171601>°

— 83 —



+137920872934439t"7 4 204048780061033t>® + 300505210149366t>° + 440555568012938¢°°

+ 642978486823920t°" 4 934233448711306¢°% 4 1351429798525560°% + 1946374270380633¢°*
+2791061655485213t%° 4 3985088202935256¢°° + 5665612468897210t°7 + 8020676452524912¢°°

+ 11306935116744749%° + 15873143407099951¢° + 22191122602647800t" " + 30896398641022115¢">
+ 42841281956330371¢"° 4 59163877829510339t™* + 81377388185911499t"° + 111485139308435490t"°
+152128055992009701¢"" 4 206772865561771414¢™ 4 279951164647062372t" + 377561699326893800¢>°
+507250799504417007¢%" 4 678888971461903731%% + 905165179999356280*

+ 1202324462148739446>* + 1591079175507357204t%° 4 2097729530659932115¢>°

+ 2755535015409039197%7 + 3606385034730323437t%° 4 4702824427140174797¢>°

+ 6110497625210731291°° + 7911083874298274184¢°" 4 10205805252732465793t">

+ 13119598887663390753t"° 4 16806054860743586917t"* + 21453231313859700097¢"°

+ 27290468300659880989t°° 4 34596331235363017502t°" + 43707823445854308570t°

+ 55031014335134673032t°% + 69053235063456634980t'%° 4 86356996180923536106¢'°"
+107635781362718561527t'°% + 133711866710605586621t' % + 165556306173801787425¢'**

+ 204311208582034310473t"°° 4 251314410961938804206t"°® + 308126624015314350061'°7

+ 376561089613918295189t'%% 4 458715744479497425107¢*° + 557007830160391275589¢'*°

+ 674210824423429379180t"" " 4 813493495336232079568t" % + 978460794029911577036t'
+1173196208555773845465t" '+ 4 1402305096869792561551"° 4 1670958406291843816858¢" '
+1984936067434658142322t" 7 4 2350669228679528652711' ' 4 2775280370597845701264¢" 9

+ 3266620216176839690605t"*° + 3833300230179125772998t"*" + 4484719389237753960736¢ ">

+ 5231083801065219331983t'*® + 6083417668073417131857t"** + 7053564024881024900716¢ >

+ 8154173643906639448333"2° 4 9398680494444184227221"%" 4 10801262172850751992041¢'%®
+12376783788719971087539t">% + 14140723909498817857006t"*° + 16109081325040763826129¢"**

+ 18298261609594661197575¢"3 4+ 20724942718989824274623"*® + 23405919180426882589502t"

+ 26357924793871341574503"%° + 29597434181861828329316¢"3¢ + 33140443975675786219920t"37

+ 37002234923476223955828t"% + 41197116721498181401229¢"% + 45738157914854336224263t"*°

+ 50636903755464779208890t"*" + 55903085452979301770573t"** + 61544324770289494981251¢"*?

+ 67565838411151623293146t'** 4+ 73970147079098223473764¢*® + 80756794469387643617571"4°

+ 87922081741825053798888t*7 + 95458823231325628816079t"*® + 103356129236497014454878¢'*?
+111599221710065099753046¢"°° + 120169288510741966480081¢'°" 4+ 129043381598231631121781¢"%

+138194364115935448724392¢'% + 147590910753599673286016t'°* + 157197565072700135522068t'°°
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+ 166974856665769643836831t'°° + 176879480069370174793691t"°7 + 186864536325050588141351¢'°®
+ 196879836949502533967375¢'°° 4 206872268910491700186904¢'%° + 216786217977710685074913¢'%
+ 226564046612065379587093t" 2 4 236146621342287690445875' % 4+ 245473883444348276639710¢' %
+ 254485455653867888345499" % + 263121276697030662514697+' ¢ + 271322254582936019231043t'°7
+ 279030928951008545226592¢%% + 286192132264120538836973t'%? 4+ 292753639367922362251981t' ™
+ 298666794841639775422685¢" 7" + 303887107724361934162452t' 7> + 308374803543117747730749¢' ™
+ 312095324164829122867994t'™* + 315019766760028008780606t' 7> + 317125254162528299941240t' 7

+ 318395230040483560794845t" 7" + 318819673612311030414584t' ™ + - - - +-£%°%). (E.130)

E.2.14 U(14)

TN=8 U(14)(H)(t)

1
I-)(1-)1-)1-tH(1-1) 1 —6)(1—t7)(1—8)(1— ) (1 —t10) (1 — 1) (1 — t12) (1 — t13)

X m(1+t+2t2 +36% 456"+ 760 +11° 4 157 4226 3067 +-42¢'° +-56¢ +77¢12 +101¢13

+135t1 +161¢*° 4+ 202" +242¢*7 + 2938 4+ 340t'° + 4002° + 45162 + 514¢%2 + 564t*% 4+ 623t>* + 663¢%°
+712¢%5 4734427 + 76728 + 776t2° + 78830 + 7733 + 766132 + 73033 + 703631 +651>° + 60936 + 54737
+5006%8 +-4343° + 38440 + 3244 +-277¢%2 1+ 223¢%3 1 187t +143t*° + 115¢%° +84¢*7 + 65¢*8 +45t*°

+346%° 4206°" + 142 4867 4 6t°* +26°° +-2¢°%), (E.131)

7U(14) ADHM-[1](H) (t)

1
1-)2(1—-2)3(1—8)2(1—t)(1—15)2(1—16)2(1—17)2(1 —8)2(1 — £°)2 (1 — £10)2 (1 — 11)2 (1 — t12)?2
1

1426 + 4t + 4% +-8t° + 147 4 25¢% + 38¢° +63t1° + 100t 4 1662 4-254¢*>

+402¢M +612¢"° +948¢0 +1432¢" T +2173¢"® 4 3220t"° +4796¢%° +- 7030 +10285¢>2 4 14848¢>*
+21397¢%* 4+ 30464¢%° 4 43222¢%° + 60704>7 +84882t>% + 117616t%° +162172¢°° +221746¢*" 4-301633¢>2
+407126>% +546497¢>* 4+ 728272%° 4+ 965144>¢ +1270160¢>” + 1662244>® 4+ 2160946¢>° 4 2793509¢*°
43588160t +4583172¢"2 + 5817804t +7344161¢* +9215188t*° +-11499391¢*° +14265678¢*"
+17601356¢*° +21592540*" 4 26346637t°° +31967288t°" 4 38581309t°2 + 46307944t + 55290890°*
465660178t +77570792t°° +-91156002¢>" +106572739t°° 4+ 123946604°% 4 143424526¢°°
+165109712¢%" +189124049t%2 +215532234°3 4 244413681%* + 275776914¢°° + 309642187¢°°
+345944560t°7 + 384629727t +425545912t%° + 4685524900 4+ 513402518t " + 5598646012
4607594956t + 656274834t +-705472294¢7° 4 754793166t"® +803734928¢"" 4851850540t

+898592918t"% +943492350t>° + 9859916143 +1025633360t>2 + 1061888460t + 1094350851>*
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+1122557198t5% + 114618923756 + 116488524257 + 1178444591458 + 1186634326>° +1189393664°°

_|_...+1180)7 (E132>
IU(14) ADHM»[Z](H)(t)
1
1—1)2(1-2)3(1—8)2(1—tH)A(1—)4(1—15)5(1—t7) 2 (1 —8)2(1—1°)5 (1 —t10)4 (1 — ¢! 1) 4 (1 —£12)4

1
1—13)4(1 —{11)4(1—(15)3

X7 (1+3¢% +8t% 416" 38> +-93° + 192" 4+ 4275 +-895¢” 4 1863¢°

+3795¢" + 76782 + 15200t +20912¢** +-58000¢"° +111427¢*¢ 42117747 + 399080 +744679¢"°
+1378858t%° +-2531539¢%" +4613118¢>% +8343071¢>® +14983754¢>* 4267224724 +47346287+°°
483342770 + 145796347¢%° 4 253492752%% 4+ 438139511°0 + 752884857t + 1286424595t
+2185841535t>% 4 3693905579t>* 4+ 6209018494>° 4+ 10381832358t°° + 172691977617 +28579491656¢>°
+47059876323t% +77106773088¢*° +125720677552t*" 4203995584611t + 329426878665t *>
4529475541151 +847039288384t*® 4- 1348819825203t *® -+ 2138048086828t +3373760016058t"*
+5299843043483t*? + 8288624749270t + 12905959015157¢>" +20008002927099¢>° + 30884425795177¢>
+47469426166789t°* 4 72651220433424°° +110724020575104¢°° +168045113252702¢°7
+253986054365280t°° 4 382303521664179¢>° +573106622661543t°° 4+ 855667886610441°*
+1272422899258457%% +1884636834337388%° + 27803991744552241°* + 4085855613038682t°°
+5980922839918619t°° +8721183944765776t°7 4 12668270637379547%% + 18331848654733204¢°
+26427402926084308t"0 + 37955445384930569t" ! +54309652257455782t"° +77423904394638069t ">
+109971432345188725¢"* +-155633458763847889t"° +219460165285404642t"° + 30835380597865636 1
+4317127780264251147° +602286930146648766t™° 4 837308994828960578t%° 4 1159985506012201661 ™"
+1601453877951535150t>2 +2203341553840306785¢> +3021099687024709563>*
+4128329245489145317%° +5622373717261581240t5¢ +7631521916103173884¢>"
+10324249487690120475¢% +13921031566616993583t>” 4+ 18709385330592478698¢”°
+25062953882772294148t" + 33465626807791263858°% 4-44541912964302406743t7
+59095043745319835677"* +78154596456541055715¢”° +103035795169323401307¢°
+135413077904239600004t°” +177411023153109611836¢”® +231716314043554098698¢”°
+301715094777067531269¢'%° +391660850291360745833t'°! + 506878826690176872985¢ ">
+654014015363314971176"%° +841330857478205765148t'** +1079074094289104899816¢"°
+1379901599757179390291¢'°® +1759401587986167689275'°7 4-2236708291655994746608'°

+2835232054993068384455t'°? 4 3583521771071816282926t" *° +4516279704359218670156¢"
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+5675550959662715531975¢ 12 + 7112112160028887212273t' 13 + 8887086248148189738257t'14
+11073812682370660249330¢* 15 4 137600046 103994550657501 1 + 170502268030295835196 7817
+21068730145973276986871t118 +25962680226774951884663t1° +3190581892139162033252712°
+39102598761847226475870t" 2" +47792830134489690060159t' 22 + 58256880873646205039985t' 23
+70821466440385946343645t'2* +85866066446976181513665t'2° + 103829999655532909928653¢ 26
+125220184571081040128288t%7 4 150619606217669066531612t'%® + 180696501463860569158984t2°
+216214265224503756940577t3C 4-258042067868267437553362'31 +307166160123675673375371t-52
+364701825611665498223915¢'33 +431905922832241301645113¢3* +-510189937989261840556716¢3°
+601133447547379208956965t136 + 706497864982194313480658t37 4 828240320039651018487903 38
+968527491204593468108636t3° +1129749183381014872709443t*4° 4 1314531413405225460257960¢ 4!
+1525748736511234989839504' 4% + 1766535517804834685128778' 43 + 2040205824915182796320792¢ 44
+2350711591990363770100202t'4° +2701748681974190916055595t' %6 +30976604544719091185060934”
+3542988431477394015053939t'48 + 4042559643677490949724845'4° + 4601480237002589891091949¢'5°
+5225124923413085616982791t'°! +5919121872575140149097094t°2 4+ 6689332662810292622546437¢%°
+7541826941309960176371115¢°% +8482851485559044399751676t°% +9518793410731051124223880¢'°°
+10656137331594933624556288t°7 +-11901416362321428882573749t1°% + 13261156923098279643816677t->°
+14741817418261357918958394t%° 4 16349720955749400378999955t 61 + 18090982391122424938322767t52
+19971430099554196695637462t'% 4 21096523004558354978105545t 6% +24171263520535728518461041¢6°
+26500107195440112810949155t% 4 28086869967227177189232379t'%7 +31634634070762326113589505t %
+344456537474253488921136951%° 1+ 37421262015023480857692766t' 7° + 40561779847571305682988636t' 7+
+43866429190305532534445421t1 7% +-47333251291867349950131873t' 73 + 5095903187052066 7649617154t 7
+54739234641912570221825080t7° 4 586679447204781453752599421 76 + 62737823363224461585103119t* 77
+669400754524892056581680021 78 +71264431012457824597333877¢' 70 + 75699141923108424613946506t5°
+80230994835157814026103082t '8! 4 84845341102205494397928240t'32 + 89526144333255842704284928¢"83
+94256045933208737506590485t54 1+-09016448743673352073775505'%° +103787618625909078799343472'86
+108548803545874510693208641'%7 +113278369433620871457147292¢'58
+117953951800449305001690625¢' 8% +122552621813361614807973075¢9°
+127051065252601701228325709t 91 +131425772520686707868549998¢192
+135653237635370592009503312¢*%3 + 139710163930293864432183815¢%*

+143573674010102736343063578t'%° +147221521366512377199054270t' %6
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+150632300961429140991178899t'°7 + 153785656026421341681879684t'%%
+156662478316236512485078472' %% +159245099089568156797614597%°°
+161517468172700032888415869t>°! ++ 1634653185909328626260322272°2
+165076314426660096224685038t%°% +166340179779583907078776294%°*
+167248806959772811936874433t%° + 167796342334255101771902850¢2°°
+167979248566902179058163124¢2%7 4. . . (") (E.133)

E.3 Unflavored Higgs correlators in symmetric representations

In this subsection we list the Higgs line defect indices with one Wilson line in a symmetric
representation or two Wilson lines in the same symmetric representation, in the unflavored
limit. We find that the numerators of the diagonal 2-point functions in the large N limit

b

are palindromic polynomials, which we abbreviate with “---”.

E.3.1 U(1)

The unflavored Wilson line correlation function for the U(1) ADHM theory with [ flavors
is given by

. C(n+1) o (1= 1,1 +n—11+n &)1+ t)?
U(1) ADHM-[I](H
(W, 0 () = D Y . (B.134)

where o Fy (a,b; ¢; z) := oF1(a, b; ¢; ) /T'(c) is the regularized hypergeometric function.
E.3.2 U(2)

1-point functions:

k U(2) ADHM-[1](H) /4y _ 14+ —2ct?
(W) (t) = (=) (1 —cl21—02(1-8) (E.135)

[M]¢

B
I

0

Ck <W(k>>U(2)ADHI\1-[2] (H) (t)

gk

x>
Il
<}

1

1444362+ 6% + 8"+ 67 +8t° +6t7 + 35+ +¢'°
(=2 (1@ —n (@ @) (T3 608+ 60480+ 66 436+t

+ e (14— 5 —148% — 20t* — 24¢° — 30t° — 22" —11¢° — 5" — 3¢'°)

427 (2494296 + 3763 428t + 1567 +9t° + 3¢7)

+30 (=1 =7t—9¢ — 106 —9t* - 7¢° —1%)), (E.136)
Z ck <W(k)>U<2)ADHM_[3](H) (t)
k=0
1

= 1+t4+662+ 1763 +31t* +526° +92t5 + 110" + 112¢5 +- 110¢°
(=P (I —c@(I—n (=P @) (T 1703164526+ 020+ 1106 + 1126+

+926" 4526 314" 174" 6t 410 410
+et? (242t —126% — 446> — 112" — 262¢° — 4461° — 554" — 610> —599¢” —461¢"° —277¢"" —166t'> —83¢"?

—27tM 70 — 44"
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+ 7 (24+ 156t 4468t +804¢% +1098t* 4+ 1317¢° + 1287t +-951t” +612¢° +-363t” + 165¢"° + 51" +-18¢*?
+6t'%)

4% (21— 135t —363t° —658t° — 1051t" —1371t° —1337t° —1016t" — 708t —410t° — 170t"° — 54¢"*
—22t"% —4¢"?)

+ MM (124 694153 4 289¢% +490t" 4 642¢° +632t° + 557" +429¢° +242¢° +95¢' + 36" +13¢"*
+f13)
+P (=315t —27¢ — 546> —93t* — 117¢ — 114t° — 117" —93¢° — 54¢° —27¢'° —15¢' ' —3¢"%)),  (E.137)

i o <W(k)>U(2)ADHM—[4](H) (t)

k=0

1

= Tt 112 4346 1886 121665 44735 £ 797" + 124368
(1—Ct)4(1—Ct2)5(1_t)(l_t2)8(1_t3)7( +t+ + + + 4 + N

417387 +2080t"° 4+ 2152t 42080t + 1738 + 1243t + 797" + 473t +-216¢'7 4-88"5 341"
+11t20+f21 +f22
+ct? (34 3t—23t° — 110t — 452t" —1368t° — 3025t° —5517t" —8983t® — 12490t” — 14824¢'° — 15640t
—14824"% —12058t"* —8551t'* — 5465¢"° —3061'° —1380t"7 — 564¢® — 210t"? — 59t —9¢>! —5¢72)
4% (6+ 186+ 1120t 4-3586t> +8280t" + 16306¢° +27222t° + 37872t" +45398t° +48494¢° +45138¢'°
+36092t"" 425472t"% +16036t"° 4+ 8540t * +3816t"° +1550t'° + 546" +136t'° +30t" +-10¢%°)
+¢33(—30— 390t — 1820t — 5390t® — 13000t* — 26698t> — 44814° — 62888t" — 77046t° — 82822t
—76098t"° —60508t"" — 42624t — 26180t — 13404¢"* —5960t"° —2374¢'° — 774¢'" —180t"® — 50¢"?
—10¢%°)
40 (604504t + 19327 + 5388t +13056t" + 26356t° +43625t° +62061t" 477735t +83614¢°
+ 7658440 + 61374t + 43240t 4+ 25810¢"% + 12928t 4+ 5738¢"" 42200t + 650t 7 4155t 4+ 45¢"°
+5t%%)
+ 112 (=60 — 380t — 1256t — 3416t° —8160t" — 15836t° — 25725t° — 368817 —46363t° — 49538¢°
— 458440 — 37498t — 26440t — 15478¢"® — 7804t™* — 3462¢"° —1248¢'° —3344'7 —91¢"® — 21¢'7 —20)
+ 1 (304 154+ 4544 + 12408 +2884t" 4 5340t° +8544° +12288t" + 15220t 4 16084t° +15120¢"°
+12564t"" +8832t"% +5260t"% 42796t * +1240t'° +- 414" +- 110" " 4 34¢"® +4¢'%)
470 (=6 — 26t — 70t — 196t — 440t* — 776¢° — 12325 — 1772t —2128¢5 —2224¢° —2128¢'° — 1772¢""

—1232t" —776t"% — 440t** — 196" —70t"° —26t'7 —6t'%)). (E.138)

For example, for [ = 1 we have

: t
(W) U(2) ADHM-[LI(H) (¢) — = (E.139)
(1 + 2t + 482 — th)
U(2) ADHM-[1](H
(W) 2) (11( )(t) = (SR (E.140)
) 3(1+ 382 — 283
(W) V(@ ADHM-LIGD) () ( " )’ (E.141)
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(1 4 2t + 442 + 483 + 4t — 25 — 3t9)

U(2) ADHM-[1](H _

W) '@ D () = 0021 ey , (E.142)
5 2 3 4 5

(Werpe) V) ADHNHIH) () — 5(1 + 32 — 26 + 5t4 — 4t )7 (E.143)

1-of

and so on, which generalize to the symmetric representation with arbitrary dimension k as

A+t 2@ T (2 —t -2+ k(-1 +12))
W\ U(2) ADHM-[1](H) r¢y — . E.144
(W) (® IR (E.144)
In the limit of large representation, we have
U(2)ADHM-[1](H) [y _ (14 t+2t%) 2k 1
(W) O =apaee 1OC ) (E.145)
<W(k)>U(2)ADHM»[2](H)(t)
k

- v _{9)4(1 —7 (1—7¢ —29¢% — 67t — 107" — 118t° — 99" — 61¢* — 26t° — 6¢'° — ¢!

+ k(14 4t 4+ 1168 4196 + 214" +11¢° — 6t° —19¢7 — 21¢° — 14¢° — 6t'° — t'1)) + O(¢**1?), (E.146)

<W(k)>U(2)ADHM»[3](H) (t)

fk
AP (=P

2+ 10t 4 102t + 478t* + 1474t + 3320t° + 5662t” + 7652° + 8336t + 7318¢'°

+5120t"" +2830t"% + 1182¢"% 4 338" + 50" — 27
+ k(34 6t — 367 — 81> — 315t" — 717> — 1110t° — 1197¢" — 771¢% + 48¢° + 837t' + 1197¢"" + 1053¢"?
+ 657" + 294t 4+ 87¢"° 4 12¢'°)
+ E* (14 6t + 236 4+ 576 4+ 95t* + 101¢% + 40¢° — 79¢" — 191¢% — 218¢” — 139¢'% — 11¢" 4 83t"% + 105¢"°
+ 768" + 370 126" + 2¢'7)) + O(2F ). (E.147)

Diagonal 2-point functions:

8

X N=s U@ ) L2 e (—2—t— )
2 Mol O=T-aa-ara-oa-ey (E.148)
> 2 2 2
ZCk<W(k>W@))U(Z)ADHM—[l](H)(t) _ 1+t 4 ct*(1+%) (E.149)

(I-c)(1—ct)2(1—1)2(1 —12)2’

=

0

[M]¢

o <W(k)W@)>U(2)ADH1\/1.[2](H) 0)

B
I

1
1—o) 1 —c)2(1—c)2(1—t)(1 - 2)i(1— 1)

S(L4t+3t% + 66> + 8" + 6t + 8t° + 6t + 3t + " +*°

+et? (24 8t + 887 +48% — 2t —126° — 22t° —16¢7 — 8% —4” — 2¢'7)
+ Pt (2 — 4t — 8% —166° — 22t" —126° — 2t° 4 4" +8¢% + 8t° +-2t')

+ A1+t 438 +68% + 88" + 67 +8° + 6" + 3% + 7 +¢'7)), (E.150)
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S ck (W W U(2)ADHM-[3](H)(t)
; (k)
1
=00 =020 =) (1 =0 @) (I =)

14+ t+6t2+ 178 + 31t +52¢° + 92t° + 110t" + 11268

+11087 + 9210 + 526" + 314" + 17" 6t 415 4 ¢'©

+ ct? (54 21t 4 29¢% 4+ 408 4 35t" — 49¢° — 218t° — 32117 — 405¢° — 454t° — 385¢"° — 233¢"" — 147¢"?
— 78t" — 26" — 6t'° — 4¢'%)

+ A (=3 — 13t — 42¢% — 151¢° — 290t* — 301¢° — 179t° + 6t7 + 347¢° + 615¢° + 580t"° + 407" + 280¢*2
+143¢"° 4 456" + 14¢"° 4 6¢'°)

+ 0(6 + 14t 4 456° 4 143¢% + 280t" 4 407¢° + 580t° + 6157 + 347> + 6¢° — 179¢'° — 301¢"" — 290t
— 151" — 42¢" — 13¢"° — 3¢'9)

+ B (—4 — 6t — 2687 — 78t — 147t — 233¢° — 385t° — 454¢" — 405¢° — 321¢° — 218¢"° — 49¢ + 35¢°
+ 408" 4+ 296" 4+ 21¢'° 4 5¢19)

+ 01+t 4+ 66 +17¢ + 31" + 526 +92¢° 411087 + 11263 +110¢° +92¢'° + 52¢" + 31¢*2 + 17"

+6t 1%+ £19)), (E.151)
Z ck W(k) (k) U(2)ADHM—[4](H) (t)
k=0
1

= 1 1142 + 344 1+ 216t° 4 473¢° 7
(1_C)(l_Ct)Q(l_CQ)(j(l_t)(l_tQ)s(l_t3)7( +t+ 117 + 34t° + 88t" + 216t° + 473t + 797t

+1243¢% 4+ 1738t + 2080t"° 4 2152t 4 2080t"% + 1738"% + 1243t 4+ 797¢'° + 473t'¢ + 216t'7 + 88¢'®
+ 34" 11160 + 1 4 622

+ ct? (10 4 40t + 89¢% + 205t 4 313t* + 100> — 670t° — 2032t" — 4562t — 7802¢° — 10412¢'° — 11836t""
—12194¢"% — 10572t — 7779¢"" — 5143t"% — 3047t'° — 1404¢'" — 578¢'% — 224¢"7 — 68¢*° — 8¢*! — 6t°%)

+ (3 — 9t — 12147 — 6726 — 1710t* — 2890t° — 3867t° — 3399t” + 1052¢° + 8695t° + 16627¢'° + 23640t
+27769t"% + 25849t 4 20083t'* + 13926t"° + 8304t'® + 3886t' " + 1627¢'® 4 631" 4 178¢%° + 27¢"
+15¢%)

+ 15(16 4 58t + 21647 + 898t + 2404t 4 5442¢° + 10681t° + 15857t 4 16214t> 4 10893t 4 373¢"°
— 14556t — 27023t"% — 30239t"? — 26594¢"* — 20123t"° — 12307¢'® — 5926¢'7 — 2552¢'® — 986t"?

— 2562 — 50¢>" — 20¢*?)

+ *%(—20 — 50t — 2567 — 986t° — 2552t — 5926t° — 12307° — 20123t — 26594+ — 30239¢° — 27023¢"°
— 14556t + 373" 4+ 10893t"? + 16214¢"* + 15857t"% + 10681"° 4 5442¢"" + 2404t"® 4 898t"? + 216¢*°
+58t%" + 16t>)

+ (154 276+ 1786 + 631¢% + 1627¢" + 3886t° + 8304t° + 13926t" + 20083t° + 25849¢° + 27769¢"°
+23640t"" +16627t"% 4 8695t"% + 1052t"* — 3399t"® — 3867¢"® — 2890t' " — 1710"® — 672¢"? — 121¢*°

— 98" +3t%)
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+ P12 (—6 — 8t — 687 — 224¢° — 578t — 1404¢° — 3047° — 5143t" — 7779¢> — 105727 — 12194¢'° — 11836¢""
—10412¢"% — 7802¢"% — 4562t — 2032t"° — 670¢° 4 100t'" 4 313" + 205" + 89£*° 4 40¢>" + 10¢*?)
+ Tt 116 + 346 488t + 21617 + 473¢° + 797¢7 +1243¢° + 1738 + 2080t"° + 2152¢ + 2080t

+1738t" 4+ 1243t + 797¢'% 4+ 473¢"% +- 2167 4+ 88t'% + 34" + 11620 + €' + €%)). (E.152)

For example, the unflavored 2-point correlators for N' = 8 U(2) SYM theory and U(2) ADHM
theory with [ = 1 flavor are

1424228 - ¢

(W) =8 U () — T , (E.153)
_ 14 3t4+ 7+ 58 + 4 — 365 — 216
VN =8 UQ2)(H) (4) —
(WeeWes) () 00-0) , (E.154)
N = 8 U@)(H) 1+ 2t + 582 + 48 + 1 — 2> — 3¢
WenWem) (t) = e 7 (E.155)
_ 14+ 3t+ 72+ 98 + 1084 +4¢° — 36 — 7t" — 488
AN =8U(Q2)(H) (g —
(E.156)
_ 142645 +468 +6t4 + 465 — 6 — 47 — 588
AN =8U@2)(H) ) _
(E.157)
) 1+¢
(WigWis) U(®) ADHM-I(E) () — a_or (E.158)
14 264562 + 4¢3 + 44 + 260
~_\U(2) ADHM-[1](H) r¢) — E.1l
_ 1+4¢ 4 3¢
(Wi W) U® APHM-[1(H) () — a0t (E.160)
(Wees ey V) AP ) 1+ 2t + 5t + 8t% + 12t + 10t° + 8t° 4 4¢7 (E.161)
e B (1—t)*(1+1t)? T
2 4 6
(W W) U2) ADEN-1J() (g 148 48U + 5t (E.162)

-9+ 7

and so on.

In particular, for U(2) ADHM theory with flavor [ = 1 we find

k K
}U(2) ADHM-(1] ) _ 1+ €)1+ — (k+ 2t + k") (E.163)

Wy Wy (1—1)5(1 + £)2

for general dimension & of the symmetric representation. Note that this formula can also
be rephrased as the following decompositions of (W(k)W(E)>U(2) ADHM-(1](H) in terms of the

— 02 —



index (4.37) and the 2-point function in the fundamental representation (E.158):

k
(Wiak—1)Wiap—1y) V@ AP () = 37204 1) (Wiq) W) ) V) APV ()27, (E.164)

|
—

I
o

k
<W(2k)W(2k)>U(2) ADHM-[1] (f) :IU(2) ADHM-[1] (’t)—l—2(2i) <W(1)W(1)>U(2) ADHM-[1] (t)t%_l.

=1
(E.165)
In the limit of large representation, we have
(Wooy Wisey)™ =& VU (g) = Hfffgf(f _2132; ¢ (E.166)
<W(k)W(E)>U(2) ADHM_[IKH)(") = (lit)iitt’;)? +O(tk+1)7 (E'167>
<W(1c)W@)>U(2) ADHM»[2](H)(t)
_ LAt 72 166 + 27t + 376 4 46t° + 377 +27¢% + 167 + 7t + 11 4 2 Lo, (E.168)
(1-03(1—-2)4(1—-1)3

<W(k)W(E)>U(2) ADHM-[3](H) (t)
_ 14156 44268 + 11161 + 2416 + 449¢° + 640" + 834 + 906¢° + - - + ¢'° Lo, (E.169)

(=% = e)o(1— O

(Wi Wz >U(2)ADHM-[4](H)(t)

®)
1 2 3 4 5 6 7 8 9
= (1_t)(l_t2)10(1_t3)7(1+3t+30t +135t% 4 514t* 4+ 1611¢° 4 4339t° + 9758¢" + 19215¢° + 33103t
450242t + 67187t +80179t"% + 85006t"° + - - - + £*%) + Ot ). (E.170)
E.3.3 U(3)

1-point functions:

Z ck <W(k)>U(3) ADHM-[1](H) (t)

k=0

1228+t 0 et (138 — 4 — 2t — 260 —20) + 2O (1 + 4t + £F)
- (1—ct)(1—ct2)2(1 —ct3)2(1 — t)2(1 — 12)2(1 — 13)2 ’

(E.171)

ck: (W(k)>U(3)ADHM»[2](H) (t)
k=0
1

2 3 4 5 6 7
(1—ct)2(1—ct2)4(1—ct3)3(1—t)2(1—t2)3(1—t3)4(1—t4)3(1+3t + 6t + 126" 4+ 16t° + 31t° + 36t

+ 55t 4+ 5487 + 60" + 54" + 556" + 36" + 314" +16t"° + 126" 46" + 3¢ 4 ¢*°

+ (3 — 52 — 18t% — 40t" — 92¢° — 159t° — 244" — 313t° — 358t° — 384" — 374¢"" — 319¢'? — 240t
—169t"* — 104" — 64" — 30¢'7 — 1'% — 4¢'? — 3¢2)

+ 0 (—2 — 482 — 8% + 21 + 497 + 178t° + 343" + 578t 4+ 772t° + 976t'% + 1041¢"" + 1016t'2 4 822¢"3

+ 636" +419t"° 4+ 266t"% + 138t 4 62¢'° + 21¢7 + 12620 + 3¢°")

— 03 —



+ A8 (=2 + 88 + 16% + 14¢* — 39¢° — 142¢° — 3597 — 654t° — 1036t — 1356t'° — 1495¢'" — 14242
—1186t" — 896t — 591"° — 346¢'° — 162t'7 — 70t'® — 27¢"7 — 12¢2° — 1)

4 M (=2 — 464 3¢ 4 5263 + 193t + 430¢° + 763¢° + 986t7 + 1154¢° + 1106t° + 987t + 730" 4 483¢"*
+ 248" 4 119¢"* 48" +20¢'% + 4¢'7)

+ (=1 — 20t — 6367 — 158> — 259" — 366t° — 4485 — 474" — 427¢% — 3227 — 203¢'° — 104t — 572
—20t"® — 6t')

+ 72 (4 4+ 10t + 28¢ 4 348 + 60t* + 68t” +80t° + 687 + 60t + 347 +28¢'% + 10" +4¢'%)).  (E.172)

In the limit of large representation, we have

(W gy ) VOAPH(LICD) () L+t 48 466 + 76 + 50 +5t° + 1)

G-osa-epa-ep O (E173)

U(3)ADHM-[2](H)
W) (t)

tF 2 3 4 5 6 7 8 9
= A ey (8 48 179t 513C 12076 — 23090 — 41506 — 62580

—8401'° — 9957¢' — 10598t'% — 10006t"* — 8482t* — 6334¢'° — 4218¢'¢ — 2422¢'7 — 1220¢'® — 504t"°
— 174420 — 42¢%1 — g¢*2
+ k(14 3t 4 14¢% + 386> + 97t* + 191¢° + 339t° + 491" + 624¢° + 640t° + 523t"° 4 255" — 86t'% — 402¢*?

— 612t — 656" — 580t"% — 416t'7 — 260t"® — 128t — 56t°° — 168*" — 4£*%)) + O(*F?). (E.174)

Diagonal 2-point functions:

i o (Wi W gy V=5 V900 ) 1422+ 63 +ct2(1— 262 — 36 — 3t* — 260 +47) + 23(1 + 2t + %)
Wi - (1—c)(1—ct)2(1—ct2)2(1—1)2(1 — £3) ’

k=0
(E.175)
Z Ck <W(k) W(E>>U(3)ADHM_[1](H) (t)
k=0
1 2 3, 4, 46
— T+ 4260 4t 4t
100021 —c@)P(l— 2@ —pE T2+t
+ et (14 4t + 487 + 48 4 51 + 26 — 2°)
+ 02— 26— 5% — 48 —4t' — 48 —¢5)
+ 8 (1= =26 — ' —19)), (E.176)

ch W(k)W U(B)ADHM—[Q](H)(t)

k=0
1
T U= o)(T—ct)2(1—c)5(1—ct®)3(1— t)2(1— 2)3(1 — ) (1 — th)3

+36t7 + 55t% + 54t + 60t'° + 54t + 55¢1% + 36" + 314" + 16¢1° + 12616 + 6¢7 + 3" + ¢

(1436 + 6> + 12t* + 16¢° + 31£°

+ ct? (24 13t 4 308% 4 53t% + 96" + 142¢° + 156t° 4+ 133¢" + 59¢% — 39¢” — 139¢'° — 240¢"" — 303t"% — 291¢"°
— 238" — 175¢"° — 113¢"% — 70" — 33¢"® — 114" — 5¢%° — 3¢°")
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+ A (1 — 6t — 52 — 348> — 128t* — 362t° — 662t° — 9987 — 1262¢° — 13177 — 1122¢'° — 625¢"" — 62t
+403t"3 4 569t 4 604¢"° + 473t'° + 331¢'7 + 177¢"8 + 77" 4 26¢%° + 1562 4 3t%2)

+ A7 (=3 — 33t — 832 — 101> + 8t* + 318t° + 9125 + 1822t" + 2848° + 3611¢° 4 3720t'° + 3092¢""
+2002t"? 4 862t"% — 73t"* — 610t"° — 709t"® — 536¢"7 — 283" — 115¢"7 — 426%° — 14¢*' — ¢*?)

+ 10 (14 + 61t 4 1317 4 253t 4 350t 4 3307 — 1725 — 12167 — 2750¢° — 4165¢t” — 5036t'° — 5036¢**
— 4165t — 2750t" — 1216t"" — 172t"° + 330t"% + 3507 4 253¢"® 4 131¢" 4+ 61¢*° + 14¢%")

+ P2 (=1 — 14t — 42¢% — 115¢% — 283t* — 536t — 709t° — 610t" — 73¢° + 862t” 4 2002¢'° + 3092¢"!
+3720"% + 361" + 2848t™* + 1822¢"° 4+ 912¢'° 4+ 318t'7 + 8t'% — 101" — 83> — 33¢>" — 3¢*%)

+ P (3415t + 2687 + 77 + 177" 4 331¢° + 473° + 6047 4+ 569¢° + 403t° — 62t'° — 625" — 1122¢"?
—1317t" —1262t"" — 998t"° — 662" — 362t'7 — 128" — 34t"? — 5¢°° — 63" +*%)

+ T8 (=3 — 5t — 1147 — 336> — 70t — 113¢° — 175¢° — 238t" — 291¢% — 303¢° — 240t'° — 139¢'" — 39¢2
+ 59" 4 133t" + 156t"° + 142¢"% + 96t'7 + 53t"® + 30¢"? 4+ 13¢°° + 2¢°")

+ (143 4+ 67 + 126" + 167 + 31° 4+ 36" 4 55t° 4 54t° +60t'° + 54" 4+ 55¢'% + 36" 4 31¢"
+16t'° +12¢"° 4+ 6t'7 +3¢'% + 7). (E.177)

In the limit of large representation, we have

UGADHM-1I(H) () _ 1+ 362 + 63 + 8t + 10t° + 16t° + 10t” + 8% + 6t° + 3¢10 4 ¢12

(1—0)4(1—2)4(1 — 13)2 + O,

Wiy W(E)

1

2 3 4 5 6 7 8 9
TP ey ey i (Lt 108 + 816 + 1031 4 2608 + 656(° + 1364t +2699¢" + 4647¢

4+ 7508t"0 4+ 10827t 4 14615t"% 4 17796t"* 4 20280t™* 4 20964t"° + - - - + ) + O(t* ). (E.178)

E.3.4 U(4)

1-point functions:

o0

k U(4) ADHM-[1](H

¢ <W(k)> (4) [1]( )(t)
k=0

1

2 3 4 5 6 7
e (I — @) (1 =P ) (1 —et)P (1 —02(1 —PP(l — B —aypr L T8 F20 420 #4042t

+4t8+2t9 +t10+t12
+eth (2 -4 — 8% — 10t — 13€° — 16¢° — 17" — 1445 — 7¢° — 4’ — 3¢"" — 2¢'?)
+ (=2 — € 44" + 8% +261° +20t7 +326% + 197 + 144" + 8t + 6t 4 ¢'?)

+ A (=14 3682 + 465 + 2t — 8t° — 1565 — 20t" — 18¢% — 16¢° — 16t'° — ¢! — 3¢'?)

+ P2 (3 4 4t 4 108 4 467 + 3¢%)). (E.179)

,95,



In the limit of large representation, we have

<W(k)>U(4)ADHM-[1](H) 0)

(Lt 48 + 96 + 181 + 2567 + 414° + 4617 + 55¢° + 49 + 42¢"0 4+ 27t + 206" 4 7% + 3¢™)
B (1-)3(1—2)3(1—3)3(1 - t4)2

+ O, (E.180)

Diagonal 2-point functions:
k=0

1
=00 =2 e (1 —et)2(— 00 - O)a Bt

14+ t+2€ + 3683 + 56T+ 265 + 266

+et? (242t — 26 — 9% — 15t — 208 — 19¢° — 11" — 2% +5¢° 456" 2t"" — "% —?)
+ (=2 — 26— 26% — 26% + 4t + 1265 + 2615 + 287 4+ 266° + 1267 + 4t'0 — 24" — 24" — 2¢! — 2¢'%)
+ (1=t 428 + 58 45t — 267 — 114° — 197 — 20¢° — 157 — 9t' — 2" - 27 - 2¢%)

+ M2 42t 458 4+ 368 12t + £ +49)), (E.181)

[e')

Z Ck (W(k)W<E)>U(4)ADHM-[1]<H) (t)
k=0

1
=)0 c02(1 = ) (1 =) (1 — 02(1 = CR(1 — e — )

1+ +28 + 4t + 260 + 4t + 27

+ 4% 4267 + 10 2
+ ct® (5410t 4+ 15t% + 21¢% + 30t" + 316 + 244° + 1267 + 26 + 7 — 10 — 3¢ —3¢'?)
+ (=24t 466 + 965 — 3t — 25¢° — 45¢° — 65t7 — 745 — 77" — 570 — 206" — 312 4 1% 4 2tM 4 1)
+ % (=5— 13t — 25¢% — 316% — 33t* — 39¢° — 35t° — 15¢7 + 15¢° + 35¢” + 39¢'° 4 33¢"" + 31t 4 25¢"°

+ 13t 4 5¢'%)
+ M (=1 = 26— € 4363 206" + 5760 + 770 4 74t7 4-65¢° 44567 + 25670 4 3¢" — 9" — 6" — M 4-2¢'7)
+ OB+ 3t 4+ — 7 — 26" — 126 — 2445 — 314" — 306% — 21¢° — 15¢'° — 10t — 5¢"?)

+ (-1 =20 —att =26 —4® — 27 —4® — 200 — {10 —¢"%)). (E.182)
In the limit of large representation, we have
<W(k) W@)>U(4)ADHM_[1] (H) (t)

143624+ 863+ 19t + 3247 + 69t° 4 108t7 4 1745 4 228t° 4+ 294410 + 328t + 36012 + - - - + 2
- (1= - (1 -#)1(1-t)?

' + O,
(E.183)
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E.3.5 U(5)

1-point functions:

Z Ck<W(k)>U(5) ADHM-[1](H) ({)
k=0
1

(et (1= )2 (1 = e (= et (1 =B )2 (1~ 0P (= B~ B)R(i = oye( gy L+ +20 4t

+66° + 7087 +126° 41267 + 140 126" 41262 4813 4 Tt 46410 4 40 21T 48 420

+ett (2434267 — % —at* —9¢° —20t° — 34" —50£® — 667 — 72t'0 — 75" —68t'2 —61¢"° — 50t —39¢'°
—26t'0 —15¢'7 —8t"® —5¢'? — 2620 —2¢*1)

A (—8—15t— 1447 — 7% +22¢* + 58 +102° + 134¢" +162t° +169¢° + 164" + 142t +112¢* +- 76"
+48t1 426t +16¢° +-8t' 7 44" +¢1?)

+P P (=3 =244+ 663 + 1361 + 1867 + 1965 + 44" — 2265 — 707 —123¢'° — 176t —200t'2 — 198t — 167t
—122¢"° —79¢6 —50t'T —26¢"® — 16" —52° —2¢*")

M (1438 148 126" —6° — 15° — 206" — 963+ 187 +-54¢'0 +- 86" +107¢"* 4106t 4-94¢"* + 72¢"°
454t 430t +14¢"% +-6t'° +-2°)

+P 33 (=38t — 157 —20¢° —28t* —20t° — 15t° —8t" — 3¢%)). (E.184)
In the limit of large representation, we have
<W(k)>U(5)ADHM-[1](H) (®)

k
= =P —epa—epa—pa—ep Tt 487 4+ 9 + 22" + 4167 + T6t° + 125¢" 4 202¢° 4 285t

+ 38910 + 480t + 5662 + 606t + 619t + 575¢1° + 5066 + 401¢7 + 299t + 198t + 126¢%0 + 644"

+ 31422 11423 4+ 3¢%1) + O+,
(E.185)

Diagonal 2-point functions:

k N'=8 U(5)(H
ZC <W(k)W(E)> 5o )(t)
k=0
1

O (1 = @)= B (L — el (B By L T 26 T8+t +3¢ 420

+2t" + 68

+ et (243t + 48 — 3" —116° — 21° — 26t7 — 25¢% — 17 — 5t"0 4 5t 41012 4 74" 4 3¢M — 2¢'° — 3¢'°
—o T4 Jt19)

+ A0 (—8 — 11t — 12¢% — 3% + 19" + 39¢° + 60t° + 56t +46t° + 187 — '* —17¢"" —17¢"% — 11" — 5¢**

2t 216 4 3¢'7)
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+ A0 (=3 -2t — 268 4585 + 11" + 178 + 170 + 7 — 18¢% — 46t” — 56t'° — 60t'" — 39¢'? — 19¢*% 4 3¢™*
+12¢"° + 11410 4 8¢'7)
+ A (1428 4368 42t — 36° — 7t — 1067 — 5% +5¢7 + 1760 + 256" + 26¢"% + 21¢"% + 114" + 3¢
407 _3¢18 _ 2,[19)
+ P (—1—2t— 262 —36% —at’ — 5 — 215 — %)), (E.186)
Z ck <W(k)W(E) >U(5)ADHM—[1](H) (t)
k=0
. (
(1—c)(1—ct)2(1— ) (1 — )2 (1 — ct*)3(1 — )2(1 — 2)2(1 — 8)2(1 — t4)2(1 — £5)2

1+¢2 4263 +4¢!

+66° + 7t + 87 +126% + 12 + 146" + 126" + 126" + 86" + 7 4 6t"° 4 4t"® 4 21T 418 4 20

+et? (44 12t + 24¢ + 426 + 70" + 1087 4 148t° + 178" 4+ 190t° + 182t + 160t'% + 122¢"" + 84¢"? 4 44¢"*
+ 126" — 10" —16¢"° — 13¢"7 — 8¢"® —6t"7 — 4¢°° — 3¢")

+ 2% (34 16t 4 548% +100¢> + 156" 4 180¢° + 166t° + 76" — 88> — 326t° — 579t'% — 782" — 868¢t"?

— 816" — 647" — 434" — 238"% — 98¢'7 — 18t"® + 20t"7 4+ 23¢*° + 16" + 4¢7%)

+ 0 (—2 — 18t — 466> — 99¢% — 198t" — 373t° — 628t° — 955t — 1240¢° — 1375¢° — 1272t'° — 906t"" — 344¢"°
4266t 4800t + 1127¢° 4 1208t"% + 1052t"7 + 758¢"® + 432¢" + 172¢%° 4 32¢%" — 24¢** — 27¢%° — 16¢**
—4t25)

+ M3 (=8 — 4Tt — 11262 — 1916 — 216t" — 94¢° + 256t° 4 846t" + 1622t° + 2420t° 4 3058t"% + 3305t
+3082t"% +2376t"% + 1422¢"* + 450t"° — 266t'° — 642t'7 — 702t"® — 581" — 404¢*° — 245¢*" — 126¢>
—57t% — 227" — 4¢%)

+ P04+ 226+ 576 + 1266 4 245¢" + 40487 4 581¢° + 702t" + 642¢° + 266t — 450t'° — 1422t — 2376¢"2
— 3082t — 3305t"" — 3058t"% — 2420t'° — 1622t"" — 846t'® — 256" + 94¢*° + 216¢>" + 191> +112¢*°
+ 476 4-8¢%%)

+ P04+ 16t + 276 + 2465 — 324" — 172¢° — 432¢° — 7587 — 1052¢° — 1208t — 1127¢'° — 800t*" — 266t
+ 344t 4906t + 1272¢"° 4 1375¢"% + 1240t"7 + 955¢"° + 628" + 373¢%° +- 198" 4 99¢°% + 46t
+186* 4-2¢%%)

+ % (=4 — 16t — 23¢% — 206% + 18¢" + 98¢° + 238t° 4 43417 + 647° 4 816t° + 868t"" + 782t 4+ 579¢"?

+ 326t 488" — 76t'° — 166t'° — 180t'" — 156" — 100t"? — 54£%° — 16¢°" — 3¢°%)
+ 3P0 (3+ 4t + 6% 4+ 865 + 13" + 1667 + 10t° — 127 — 446® — 84¢° — 122¢"° — 160t — 182¢' — 190¢**
— 178t — 148" — 108t"% — 70¢'7 — 42¢"® — 24¢"7 — 12¢°° — 4¢°")
+8N (-1 =28 —at' — 66 —7° — 817 —12¢° —12¢° — 14¢"° —12¢" — 127 — 8" — 7t —6t"° — 4t'°

—2t'T — " — %)), (E.187)
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In the limit of large representation, we have

(W(k) W@))U(S)ADHM—[I](H) (t)
1

0P~ @)1~ )i(1 @)1 —g)p | T T A LSS TS ITO0 370

+ 1484t + 268710 + 455141 + 735512 + 11206¢"% 4 16273t + 2237115 + 29306¢'6 + 36437¢7 + 43215¢'8
+ 48722119 4+ 52438¢%° + 536763 + - - + t42) L O(FT).

(E.188)

E.3.6 U(6)

1-point functions:

ick<w(k>>U(6) ADHM-[I](H)(t)
k=0
1
(1—ct)(1—ct2)2(1—c)3(1— cth) (1 — ct5)2 (1—ct6)2(1— )2(1— 2)2(1— 13)2 (1 — t4)2 (1 — 15)2 (1 — t9)2

X (1424265 + 41 +6t° + 12 + 127 + 2165+ 26t +- 37"+ 40t +55¢'% +-52¢ + 61¢'* +-60t™°
+ 61410 4527+ 55t 440t + 37670 426671 + 21677 +126%° 4 126% + 67 4470 42677 425 4470

+ct® (344t + 367 —4t* —14¢° — 2745 — 64" — 106¢° — 1727 —238¢'° — 324¢" —384¢'2 —460t"?
—498t"" —532t"% — 523" —508t' T — 445" — 394" — 308t°° — 246¢>" — 178t — 134t — 85>
—58t% — 31476 — 1877 — 9t*% — 6% — 2¢°° —2¢%")

4+ (—4—3t— 6 — 106> — 28t —46t° —48t° —25¢" +-44¢° +164t° +366t'° +-607¢"" +918t'* +1233¢"°
+1560t"* +1805t"° +1992¢"° +2023t"" +-1970t" +-1783t"% +1546¢*° + 1257¢>" +992t** +731¢°
+5186% +342¢%° +214¢%° +123¢%7 4 706°° 4+ 37¢% +206°° +- 106> +46°% +-%°)

4+ (1 -6t — 66" — 6% +20t* + 527 4-94t° + 142¢" +171¢° +160t° +34t"° — 206t — 647" — 1236t
—2024t"* —2780t"° —3551'° —4064t"" — 4383t'® —4322¢"7 — 4092¢°° — 3558¢7" —2991°% — 2324¢*°
— 174161 —1192¢*° —796°° —476°" — 284°° — 154> — 86> — 408> —21£°% —6°° — 26°%)

+ M (346t4+1067 +66° 4+ 7t — 267 —41° — 11447 — 228¢% —332¢° — 379" — 264" +-104t"% - 766t
+1692t"* 4+2802t"° +3937¢"° +4900t" " +5580t'% 4-5864t"% +-5723¢*° +5216¢7" +4441¢7* 43528t
+26226** +18166°° + 117067 + 718637 +4116%° +226*° +117¢°° +56¢%" +21¢°% +-8¢°° +-£3*)

+P47° (3— 8t — 26t% — 38% — 38t +16t° +99° + 242" +362° + 4147 +-319¢'° — 24" —597¢'2 — 1452¢'3
— 2395t —3458t"° —4256'° —4884t'7 —5008t'® — 4820t"7 —4201¢°° — 3464¢>" — 2576t°% —1824¢*°
—1178¢* —732¢%° — 406¢7° — 222627 — 103¢>® — 46> — 15£°° —44°")

+ 5% (—4— 3426 108 +18t" + 21 4+ 261° 4+ 3t" — 34t — 101" — 170t"° — 226t — 208" — 56t
+238t" +719t'° +1282t'% +1886t' " +-2340t"® +2639t"? +-2650*° +2460t>" 4 2072¢** +1631>

+ 11786 +803¢%° +4841%° +2744>7 +138¢*° +-62¢%° +20t°° - 6¢°")
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+cT 3 (14382 +48% 12t —6t° — 1365 — 20" — 156% + 1067 + 444" +- 76" + 814" +44"® —67¢*
—210t"° —401'% — 564" — 713" — 768'° — 780t*° —696t>" — 61172 —454t>> — 322> — 196>°
—115¢%° —48¢*7 — 20¢%° — 4¢*9)

+ 3P (1410t + 168 +408° +58t* +841° +-93t° + 1167 +93t° +84t° +58t'° +40t' " +16¢"2 +10t"3 +-£'*)).
(E.189)

In the limit of large representation, we have
<W(k)>U(6) ADHM-[1](H) (t)

tk

1+t 446 +9¢ + 22" + 467 + 97¢° + 1757 4 327¢°
AP0 FPa P e ) (L HHHAEF 9042204604970+ 1750 4

+553t° + 915¢'° + 1405t + 2110¢'2 + 2960t™® + 4043t + 5216¢"® + 6505t'° + 7699t*7 + 88248
+9580t"° + 10071¢%° 4 10053t%" 4 9683t>2 + 8842t>® + 7802t>* + 6489t>® + 5201% + 3915¢%7 + 2828t%°

+1894¢%° +1225¢°° + 709¢%" + 395677 + 192% 4 88¢%* 4+ 29t%° + 116%° + €7) 4 O(F ). (E.190)

Diagonal 2-point functions:

Z ck<W(k)W(E)>N:8 U(6)(H) (t)
k=0

! (
1)1 —ct)?(1 — )3 (1 —eB) (1 —ct)2(1 —eB)2 (11 E)(1_ )1 )1 _6)(1 1)

1+t

+ 28 4368 45t + 70 + 115+ 867 + 988 + 787 4 6t'0 4 2¢" 212

+et* 3+ Tt+ 1087 + 76 — 2t — 206° —41¢° — 79" — 109¢® — 127¢° — 117¢'° — 91" — 44" 4 35¢** 4 44¢"°
+ 35t 41517 —5¢"% — 174" — 16670 — 967" — 22 4 5¢*° 4 5631 4 24%° — 0 — ¢¥7)

+ AT (—4 — 7t —136% — 18¢% — 35t* — 55¢° — 55t° — 13" 4 76¢° + 199¢° + 345¢"° + 453" + 501¢'? 4 442"
+ 317t +138¢"° — 22610 — 139¢"7 — 177¢"® — 15147 — 89¢°° — 193" 4 25¢°% + 444 4 36¢°* + 23> 4 6°°
— 5877 — 747 — 4¢%)

+A380(1 =5t — 116 — 186% + 4t* +516° +119t° + 187" 4 217¢% + 1657 — 23t'° — 308" — 659t'* — 936t"*
—1103t"* — 1026"® — 790t"¢ — 414'7 — 48" 4 230t + 341¢°° 4 316¢>" + 206t°* 4 72¢%° — 17¢** — 60¢*°
—48t%° — 25¢%7 — 5% 4 3t%)

+ M (34 9t + 198 + 22¢% + 23t 4 67 — 48t° — 14147 — 258¢° — 333t° — 306t'° — 114" + 237¢'? 4 684"
+ 1091t +1346t"° 4+ 1346t"° + 1091¢' " + 684¢"® + 237" — 114¢%° — 306t°" — 333¢** — 258> — 141¢**
— 487 4+ 6t%° + 2367 4 22¢*° + 196 4+ 9¢%° 43¢

+ 1%0(3 — 5t — 25t% — 48t% — 60t* — 17¢% + 72(° + 206" 4 316¢° + 3417 4+ 230t'0 — 48¢"" — 414¢"* — 790¢"?
— 1026t"* — 1103¢"° — 936t"° — 659t"7 — 308t'® — 23t"% + 165> + 217¢>" 4 187¢°% + 119 + 516" + 4¢*°

—18t%° —11¢%7 — 5¢*° + %)
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+ P23 (=4 — Tt — 5 + 66° + 23¢" + 36¢° + 444° + 257 — 1965 — 89" — 151¢'0 — 177¢"" — 139¢"% — 22¢"3
+ 138" + 317¢"° 4+ 442¢"% + 501¢"7 4 453t"% + 345t" +199¢%° + 76¢°" — 13t°% — 55¢°° — 55¢°* — 35¢%°
—186%° —13¢%7 — 7¢*° — 4¢*)

+ (=1 —t 426 58 45t —£° — 9% —16t" — 17¢% — 57 + 15¢"0 + 35¢1" + 444" + 35¢"7 — 44¢"° — 91¢!°
— 11767 — 127¢"8 — 109" — 79620 — 41621 — 20622 — 263 + 74 +10¢%° 4 7¢2° + 3¢77)

+ (24 20466 + 760+ 9 488 + 110 + 7t +5¢° + 3¢ 4260 141 - £1?)). (E.191)

E.4 Unflavored Higgs correlators in antisymmetric representations

In this subsection we list the Higgs line defect indices with one Wilson line in a antisymmetric
representation or two Wilson lines in the same antisymmetric representation, in the unflavored
limit. Here we display only the results which are independent of the correlators of symmetric
Wilson lines after taking into account the symmetry (4.92). We find that the numerators
of the 1-point functions for any flavors [ and the diagonal 2-point functions for [ > 2 are

7

palindromic polynomials, which we abbreviate with “---”.
E.4.1 U(2)

1-point functions:

<WB>U(2)ADHM-[1](H)(t) _ (lft)fﬁ’ (E.192)

2 2 3 4 5 6
U(2)ADHM-[2](H) 1y _ © (1 +Tt+97 41087 + 9t + 7t 4-1°)

(Wig) U@ADRM-EI(H) () _ 32(1 + 56+ 9% + 1863 + 31¢* 4 39¢° + 38t° 4 39¢" + 3165 + 18¢° + 9t'0 + 5¢' 4-¢12)
H (I—t)(1—)5(1—13)> ’

(E.194)
<WB>U(2)ADHM-[4](H) (t)
2€(34 13t + 35¢ + 98¢ 4 220¢* + 388t + 616¢° + 88617 + 1064 + 11126 + - - - + 3¢'%) (E.195)
= 1—H(1—e)BE1 -8y ' '
E.4.2 U(3)
1-point functions:
(WU @APHM-LIGD) () 2 (E.196)
H T a-pra-e) ’
U(3)ADHM-[1](H) 1\ _ 2 (14+4t+ %)
<WE> (t) - (1_t)2(1_t2)2(1_t3)2’ (E197>
UG)ADHM-2)(H) oy £ (14 7t+ 10¢° + 25> + 38t" + 61t° + 63t° + 78" + - - - + ')
<WB> t) = (1—03(1—2)3(1— )3 (1—t)3 ’ (E-198)
4 2 3 4 5 64 ... 12
_ 2824 5t 146 + 176 + 30" 4 346 +408° + - - 4 21?) (E.199)

<W§>U(3)ADHM»[2](H)(t) = 02(1— 21— 81— ) ;
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<WB>U(3)ADHM—[3] (H) (f)

3¢2

2 3 4 5 6 7 8 9
TP By By s (L 6t 17¢ + 566+ 189" 43206 + 63267 + 1174¢7 + 19226 + 2074¢

+4137t"0 4 5412¢"" + 6464t'% + 7280t" + 7496t" + - - - + %), (E.200)

<W >U(3)ADHM—[3] (H) (t)

t 2 3 4 5 6 7 8
= 1416t 440" + 132t + 274t 26t° 4+ 1109t° + 1946t° 4 2882t
(1—t)2(1—t2)5(1—t3)6(1—t4)5( +16t+40t7 + 1327 + 274t7 + 626t + 1109t” + 1946t + 288

+4210t” + 5355t + 6628t + 7235t'% + 7660t + - - - 4+ £2°). (E.201)
E.4.3 U(4)
1-point functions:
gy 2000 (20
(Wi VAPHNM-(ID) ¢y C1+4t+¢) (E.203)

=9I —)

U@ ADEM-[1](H) £ (3+4t+ 108 +4¢° + 3tY)

<WB>U(4)ADHI\/I»[2]<H) (t)

t2

2 3 4 5 6 7 8
T 070 O PRy w8t 208 + 596 + 134¢% 1 2036 + 559+ 992" + 1600¢

+2441¢° 4 3419¢'% + 4536t"" + 5597 + 6532t"° 4+ 7122¢"* 4 7362t'% + - .- +-47), (E.205)

<W >U(4)ADHM-[2](H) (t)

2t

2 3 4 5 6 7 8
TP P ATy E) 2 T 286 4 51C + 1136 4 2116 4 366¢° + 57647 +840¢

+1133¢° 4+ 1431¢'% + 1680t" " + 18582 + 1915t" + - - - + 2%°), (E.206)

(Wi >U(4)ADHM-[2](H)(t)

tG
=00 =@ (1= (1 — e —ep

6 + 26t + 82t% + 186t> + 385t" + 679t + 1107¢° 4 1647+
+2279t° + 2802t° + 3444t"° 4 3796t" " 4 3936t'% + - - - 4+ 6t°). (E.207)

Diagonal 2-point functions:

(1+)(1+ 262 4 463 4 5t1)

(1,{)4(17{2)4 ’ (E208)

<WBWE>U(4)ADHM»[1](H)(t) _

<WBWE>U<4) ADHM—[2](H)(t)

1

142t 4 126% +416% + 125¢" + 321t° + 766t° + 1621t" + 3176¢°
(1*’t)Q(l7t2)4(17t3)3(1,t4)4(17{5)3( +2t+ + + + + + n
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+ 5639t 4+ 9332¢'0 + 14263t +20370t'2 + 27093t" + 33843t + 39527t'° + 43447¢'® + 44770t"7

_|_..._|_t34)_ (E209)

E.4.4 U(5)

1-point functions:

(Wi VAP () 2(53 Elt; flt 354121{4_ tst;) ’ (E.210)
<WB>U(5)ADHM-[1](H)({) = (1t5_(1t)—z(t12)_(];[;)r:tt1tt;))27 (E.211)
<WE>U(5)ADHM-[1](H>(Q = fg’:{fi;;gﬁ J_rf;;;(zgﬁl)g : (E.212)
(Wi UOADHMLDI) () _ (34 8t + 156 + 20¢% + 28t* 4 20t° + 15t° 4 87 + 3¢°) (E.213)

Wg 1—02(1—£)2(1-8)2(1—t4)2(1 - )2 ’
<WB>U(5)ADHM7[2](H) (f)
21+

= 14 7t+ 132 + 4965 + 110¢* + 27365 + 5735 + 11957
(1_t2)6(1_f4)4(1—t6)3(1—t3)4(1—tS)s( + 7t+ + + + n n

+2219¢% 4+ 4090t + 6911¢'° + 11401 + 176142 + 26454" + 37531t + 51762t'° + 67866t'° + 86359¢'7

+105015¢™® +123922¢"7 + 139989¢*° + 153577¢>" 4 161502¢°% + 164886t + - - - + %), (E.214)
<W >U(5)ADHIVI—[2](H) (t)

261 (14 t)3

, B . (24 Tt+ 27 4+ 65¢° + 175t 4 375° + 804t° + 1523t" + 28098
TP =) - O @) gy 2T 7HH 2T+ 650+ 1750 4 3750 4 80417 + +

+4740t° + 77760 + 11889t + 17588t*% + 24569t™® + 33196t + 42586t'° + 52905t'¢ 4 626577

+ 71844" 4+ 78776t" 4 83640t°° 4 84970¢*! + - - - +2t*%), (E.215)

<W >U(5)ADHM—[2](H) (t)

B +03

6 + 26t + 88t% + 220> + 540t* + 1104t° + 2196t° + 3936t"
=0 (1 =) (1 — O (1 = Byi( — s 0+ 26t 8842200+ 5406 + * *

+6737t5 + 10693t° + 16339t + 23375t + 32253¢1% + 42112¢*2 + 53011t + 63465¢'° + 73411¢°

+ 80895t + 86185t'% + 87692t"" + - - + 6t°°), (E.216)
<W >U(5)ADHM—[2](H) (t)

2t3(1+1)°
- e 7{4)4&&1})‘2)(1 T (2 15426 41276 4 2866 4 6146 + 1646 4 2124

+3512t% + 5618t° 4 8376t'° + 12020t + 16286t'? + 21296t" + 26432t** + 31716t*° + 36298t*® + 40143¢*7

+42438t"® +43420t"% 4 - - - +2¢%%). (E.217)
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Diagonal 2-point functions:

1438 4687 + 11t + 1687 + 2240 + 2247 + 2245 4 1247 4 5¢10
B (1—-t4(1 —2)4(1 — 13)2 '

<WBWE>U(5)ADHM—[1} (H) (t)

(E.218)
E.4.5 U(6)

1-point functions:

(W) VOADRNLIIA) ) 200(1 4+ + 262 + 4t + 265 + 460 4 267 + 468 + 26 + 10 + ¢12)
H (1— 041 — )1 — 8)2(1 — t1)? 7

(E.219)
(1 + 4t + £2) (1 + 2 + 263 + t1 + )

U(6)ADHM-[1](H) ¢\ _ E.99

<W§> (t) (1 — f)4(1 — f2)4(1 - t3)4 ) ( 0)
8(3 4 4t + 1082 + 43 + 3t1)

U(6)ADHM-[1](H) ¢\ _ E.291
<WE> O=G-va-era-era-oy (E221)
(W) VOADNLL() () — tH(3 + 8t + 152 + 203 + 28t% 4 20t° + 15t° + 87 + 3t%)

E 1—0i1 - )21 —8)2(1 — )2(1 — )2 ’
(E.222)

(W) UOADEMLCH) () — (1 + 10t + 162 4 40> + 58t1 + 84t° + 930 + 116t7 + - - - + t14) _
(1—1)2(1 — 2)2(1 — 8)2(1 — t4)2(1 — 5)2(1 — 16)2

(E.223)
Diagonal 2-point functions:
<WBWE>U(6)ADHM-[1](H) (t)
_ (142 466 + 126" + 166 + 31t° + 4017 + 561° + 56t° + 567 + 38t + 29¢' + 12¢" + 5¢') (E.224)
(1—-)4(1—2)5(1—13)2(1 — t*) ’
(W W7>U(6)ADHM_[1](H)(,‘)
_ (1436 486 + 15t +28¢° + 52t° 4+ 727 + 101¢° + 120 4 119¢'% + 961" +71t12+28t13+6t14). (E.225)

1-0i1-e)i1-e)

E.4.6 U(7)
Diagonal 2-point functions:
<WBWE>U(7)ADHM-[1](H)(t)

1

14362 +6t° + 14t" + 26t” + 51° + 86t + 143t° 4 212¢°
(1*")4(1*9)4(1*’c3)2(17t4)2(17t5)2( +37 +6t7 + + + + + n

+306t'° 4 394t + 488t% + 540t + 573t + 552'° + 495¢'° + 400t'7 4 305¢'% + 202¢*° + 126t + 66¢*!

+348%% 1267 4 5¢%), (E.226)
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<WQW§>U(7)ADHIM—[1] (H) (t)
1

1+ 362 + 863 + 18t* + 346° 6 +124t" + 210¢% + 316t° + 449¢'°
(1_04(1_{2)4(1_t3)4(1_t4)2( + 367+ 87 + 18t + 34° + 73t + 124t" + 210" + 316t + 449t

+ 564t 4 666" +682t" 4+ 645" + 526t'% + 371" 42126 + 102¢** 4+ 306" + 6t°°). (E.227)
E.4.7 U(8)

Diagonal 2-point functions:

_\U(8)ADHM-[1](H) ¢ _ (1+6)? I
<WBWE]> . )= (1_02(1_{2)7(1_tS)Q(l_t4)(l_t5)2(1_{6)2(1+2t + 6> + 12" 4 20¢

+444° + 7617 + 138% + 214° + 342¢1° + 496t + 71612 + 928" + 1195t + 1424¢'° + 1655t + 1776t'7
+ 1865 + 1804¢° + 1707¢2° + 1486% + 1262¢%2 + 980t%% + 745¢>* + 506t%° + 341¢2° 4 202¢>7 + 117¢8

+ 5477 4 206% 4+ 126" + 5%2), (E.228)

U(8)ADHM-[1](H) ((y _ 1 2 3 4 5 6
(WeW=) ) = (1—t)4(1—t2)4(1—t3)4(1—t4)2(1—t5)2(1+3t + 8t 4+ 18t* 4 38t° + 81t

+ 1547 + 289t% + 492¢° 4+ 810t™% + 1242t" + 1807t'% + 2448"3 + 3147¢** + 3762t'° + 4229¢*° + 4410'7

+4299t"® 4 3846t"7 4 3194¢%° 4 2406t>" 4 1659t°% 4+ 1018t>* + 560£** + 258t°° 4 105¢%° + 306> + 6¢°°),
(E.229)

1

1 2 3 214 4 5 46 1 7
(1_t)4(1_t2)4(1_t3)4(1_t4)4( + 37+ 8t + 21t +40t” + 94t 4 176t

(W, W7>U(S)ADHM-[1](H)(t) _

+ 34465 + 580t° + 982t + 1488t*" + 2204'% 4 2928t + 3762t + 4364*° + 4809t*® + 4740t"" + 4385¢°
+3552t"% - 26677 + 1664t>" + 928> + 396> + 146¢>* 4 32¢°° 4 6¢°°). (E.230)
E.4.8 U(9)

Diagonal 2-point functions:

(1+1)?
(1—4)2(1—2)6(1—13)2(1 —t4)2(1 —15)2(1 — 6)2(1—t7)

<WBWE>U(9)ADHM—[1](H)(t): 2(1+3t2+6t3+14t4

+26t% 45615 +102t7 + 1945 + 338t + 580t + 942¢' + 1505¢1% 4+ 2280¢'2 + 3384t +4800t*° + 6625¢'°
+8786t"" +11335t'% +14078t"° +16988t%° +19770t>" +22331t%% 4-24362¢>> + 25803t>* + 26374>° +26174¢°
+25068t%7 +23290t%® +20864t%° +18119¢%° 4+ 1514263 + 12262632 + 953033 + 716634 + 5152¢%° + 358336
+23646°7 + 1509 +-906t™ + 525t + 280t + 146" +66t*° + 34t +12¢*° + 5t*%), (E.231)

(1+4)?

143t° +86° +18t" +-38¢°
=0 (1—0)P (1P (-t —p) () 1 T3 8 HI80+38

<W Wf)U(Q)ADHM—[l](H) (t) _

+86t° +164t" + 328t +598t° + 1060t'° + 1780t +2910t*2 +4472¢*> + 6676t 4 9474*° + 12914¢*°
+16788t"7 +20986t'% +24932t*° 4 28438t%° + 30890t>" 4 32054>2 + 31646t>* +29858+>* + 266541>°
+22666t2¢ 4182227 + 13851128 +-9874t° 4 6650t°° 4+ 4136¢>! 42401432 + 1280¢> + 621> 4-262t>° + 105¢>°

+306%7 4-6t7%), (E.232)
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<W W7>U(9)ADHI\4—[1](H) (t) _

1

14362 4+-8t° +21t* +-44¢° +102¢°
A=) (=@ A=)ty —p) (T3t F8 21044t

+206t7 +423t5 +788t° +1435t'° 42460t +4073t" + 6352t +9522t"* +13506t"° 4 18308t® +23470¢7

+28630t'% 4 32936t'° +35879t%° 4 36694>" +35299t%% 4+ 31670¢>> +26511t>* + 20446 + 14542t%°

+937267 +5467¢° +2798¢%° +1261¢°° + 466> +149t™ +32¢° + 6t>). (E.233)

E.5

Unflavored Higgs correlators of charged Wilson lines

E.5.1 U(2)

<W2>U(2) ADHM-[2](H) (f)

(24 464 17 4 2563 + 26t* + 1565 + 816 — 7 — 465 — 3tY — 1) (5.231)
B (1-1)(1—2)41 —1)3 ’ ‘
(VW) U(2) ADHN-(21(H) () — 203(1 — t + 72 + 663 + 4t* — 28> — 216 — 2t7)

(1—1)3(1 — 2)2(1 — 13)3 ’

(E.235)

Open Access. This article is distributed under the terms of the Creative Commons Attri-
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