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- 5d reduction of 6d (1,0) SCFTs

. T-duality of 6d LSTs



6d (2,0) SCFTs

KL,Yee’06,Bolognesi,KL’11,Kim2,Koh,Lee?’11,H.C.Kim,KL’12,KIm3,KL’13

Witten,Seiberg,Douglas,Lambert,Papageorgakis,Schmidt-
Sommerfeld,Kimmey,Maldacena,Minwalla,Raju,J.Bhattacharya,S.
Bhattacharya



A-type SCFTs

on An-1 singularity in type lIB (witten’9s)
on N M5 branes (Strominger’95Witten’95)
on a single M5 brane

(2,0) tensor multiplet: B, @, , W : y¢ W=W (chiral) with
field strength: H=dB="H (self-dual)

The source for the tensor is a M2 brane ending on the
M5 brane: selfdual strings *d*H=J

tensionless strings at the symmetric phase
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A-type SCFTs

Non-Lagrangian theory

degrees of freedom in large N: N3

In tensor branch
N 1/2 BPS massless tensor multiplets
N(N-1)/2 1/2 BPS self-dual strings

N(N-1)(N-2)/6 1/4 BPS self-dual junctions

Klebanov,Tseytilin’96



compactification to 5d

- compactify on a circle of radius R: x> ~ x5+21 R

-+ 5d N=2 super Yang-Mills theory with coupling
constant 8r¢/g° = 1/R

- Instantons: the Kaluza-Klein modes:

- Instanton dynamics: threshold bound states

H.C.Kim,S.Kim,E.Koh,KL,S.Lee’11
Nekrasov’02,Nekrasov,0kounkov’03

Douglas’11,Lambert,Parpageorgakis,Schmidt-Sommerfeld’11



5d YM coupling

- Cartan: massless tensor multiplets on M5 branes

- W-bosons: self-dual strings between two M5 branes
Interaction
+ fa-ai : root root cartan = tensor-selfdual string

- fapy : three roots: junction of three self-dual strings

i k




6d Kapustin-Witten equations

- KW-equation: 1/16 BPS equation for monopole string
junctions in 4d: lock SO(4)spatial to SO(4)r subgroup

Fab — 6abcdl?c¢d — i[¢a7 ¢b]7 Da¢a = 0
»+ dyonic one in 5d N=2 SYM
FaO — Da¢57 Dc21,¢a — [¢a7 [¢a7 ¢5H

- 6d abelian equation: lock SO(5)spatial to SO(5)R

1

Habc — Eabcdead¢e — §€abcdeHd607 Da¢a =0

Y p% =0 fora=1,2,3,4,5
5 dim web of self-dual strings in the tensor phase



chiral primary operators?

The way to calculate chiral primary operator of SCFT on Ré is to
calculate the Witten index on S5 x R. We choose supercharge Q
and S so that

Q° ~ E —2(Ry + Rg) — j1 — jo — 73
We define the Witten index with ai+a>+as=0 as

Zssxsl (,B, m, ai) = "t [(—I)FG_B(E— R];RZ)e—ﬁaijieﬁmﬂ%RZ:l

Express this in a path integral, and evaluate using the localization.

Zgo s (i / ddle D Z2D (6022 (6, 1) 72 (6, 1)

Kim2’12,Lockhart,Vafa’12,Kim3’12



S1XS5/ZK

We compactify the Euclidean time circle T ~ T+ 3. The
metric for S3xS1 is

dséigs = dT° + dsgpz + (dy + V)?, J = 2dV = Kahler form
S is a circle fibered over CP2,

In the large 3 limit, the index function is clearer.

Zk-modding along the fiber direction y with a R-charge twist,
preserving some supersymmetry.

On S'xCP2, there is a Yang-Mills + Chern-Simons term JA tr
(AdA+...), quantized overall coupling constant K/41?

Kim,KL'12,Kim3KL’13



1 2
on S1xCP o 0 s_g

* Lagrangian on R x CP2 with 2 supersymmetries for any p:

= = ° 1 w1 uwpon &
S = g deVld tr[ P+ v T (Ao Ay : A,4,A,)
1 1 1 | .
_§Du¢1D“¢I + Z[Cf’l, ¢J]2 - 2¢? - §(M1J¢J)2 — (3 — P)[¢1, ¢2]¢3 — (3 + P)[¢4, ¢5]¢3
. n 1. 1.
~SMP DA = Apilé1, N = Z3™ M + SAMipisA|, (2.27)

*  Supersymmetry Transformation

0A, —+z'5\'7ﬂe— —1€Yu A, 0P = —Ap;e EPIA,

O\ =+ 2F,W’Y” ‘e +1D,orpryte — —[¢1, bslprie — 201pr€ — Myydrpe.

*  plf2=-1/2 . K = |J1+]2+)3+ R1+ 2R>

* additional supersymmetries: Total 8 supersymmetries
+— +— -
Q ++ Q_|_ + Q‘|“|‘— COﬂJugateS

Expected: K=3: 10, K=2: 16, K=1: 32



on S1xCP2

Unrefined index with m= 1/2 - a3, and we get the exact partition

function
ﬂws(N(N:_l) . 24)
e HH el
s=0 d=1
2 N
eBws (T 24>PE(q+q1 T q )
— (q

Kim312,Beem,Rastelli,vanRees’14



on S1xCP2

K=1 case

Ground state is F= 2J(s1,S2,...,5n)=2J(N-1,N-3,...,-(N-3),-(N-1)).
Instanton number is -1/2 2 si¢ =N(N2-1)/6.

Vacuum Energy: E = -N(N2-1)/6 -N/24

Excited states can be obtained by add instantons in three fixed
and reducing the uniform fluxes by 2J(... -1,...,1).



iIndex function

Zssxst = l+qu+ @ [20° +y(yi +ya+us) — (yr +y2 +y3 ') +y '] +0O(¢°)

1 1 1
Uue) : ¢ [2y3+2y2(y1 +yz+y3)+y(yf+y§+y§——————>
U1 Y2 Y3

Yyr Y2 Y2  Ys Yz N 1
-l —"+t+—+—+—+—+ — | + + Yo +
(?/2 Yv Ys Y2 WY ys) Y (yl v y;;)]
1 1 1

Ue@3) : ¢° [3.1/3 + 2%y + Y2+ y3) +y (yf +yst+ys— —— —— —)
yr Y2 Y3

Yvi Y2 Y2 Yz Yz U1 1
(A2 B B ) + s +
(yz yi Y3 Y2 W ya) v+ e+ ) ]



6d (1,0) SCFTs



Seiberg’96,Danielsson et.al.’97

6d ( 1 y O) S C FTS Heckman,Morrison,Vafa(Heckman(’13),Morrison, Rudelius, Vafa (’15)

- vector multiplet (A, A)

+ hyper multiplet (¢, )
- tensor multiplet (B,W,0)

- fermion helicity

helicity
vector | (0,1)
hyper | (1,0)
tensor | (1,0)
Q (1,0)

-




Gauge Anomaly

TrrF* = agtrF* + cr(trF?)?
Otot, — (aadj — Z OéR) —
Ctot — (Cadj — Z CR) > 0

hyper R

- The gauge anomaly polynomial is made of two pieces.
Qiot=0 : vector + hyper
Ciot=0 : vector+hyper+ tensor

+tensor-vector coupling via the Green-Schwartz
mechanism

H? 4+ \/cr(BAtrtF AN F + ®F%)



Example

- Start from a M5 near E8 wall
- Add An-1—type singularities
- Equivalent to O8+8D8+ NS5 + N D6 branes

011 3 41516 8 11
Eq wall o | o e o | o ® o o o
Mbbrane | ¢ | ¢ e o e | @
M2 brane | e o | o
C?/Ta,_, X X X X




Example

- Start from a M5 near E8 wall
- Add An-1—type singularities
- Equivalent to O8+8D8+ NS5 + N D6 branes

0 2 3 516 |7 8
O84+8D8 | e | e e e o | @ o o o
NSSbrane | e | ¢ e e o | @
D2 brane | e o | o
D6brane | e | e e o o | o | @




rank 1 with Es global symmetry

01234578911
Es Wall

056 M5 012345

(2,0) tensor +Esg hyper



rank 1 with Es global symmetry

012345789
0O8+8D8

Kim,Kim,KL,Park,Vafa’14

012345

056 NS5
kb2 = | O(k) }------- SO(2Ny)
symm ‘ N, =8

2d (0,4)O(k) + 8 fund (b) E-string

Elliptic genus calculation
Multiple M5 branes: one less chemical potential



rank 1 with SO(16+4N) symmetry

08+8D8

2N DG o .............. SO(2Ny)
< > - Ni=8+2N

Sp(N)r + (N+=8+2N)

symm hyper



6d SU(N)T + (8+N) fund + 1 antisym

08+8D8

12NS5 N D6

<< —

SU(N)r + (N=8+N)+ 1 anti

Brunner,Karch’98,Hanany,Zaffaroni’98



Kim,Kim,KL’15

2d (0,4) string dynamics

String dynamics can be written by a quiver-diagram. Elliptic
genus can be calculated. The enhancement of the global

symmetry can be tested.

U(N) Fielq Type U(k) U(N) U(Ny) U(1)a

(Ay, X34 vector adj - - 0
(aaB’ x3) hyper adj = - 0
(ga, ¥™) hyper k N - 0
(=) Fermi k - Ny 0

(pa,®%) | twisted hyper | sym  — = +1

(Vqo) Fermi anti - - +1

(v) Fermi k N - +1




Index function

+ Choose charge one of ()isa todefine the
index function

- BPS: H=P> along a compactified circle x5~x>+21mR
- €1:1-2, €2: 3-4, €3: 6-7, €4: 8-9

- Calculating the Witten index function of each LST
on a circle.

5 . . . |
y— Tr(_l)Fq(H—l—P )/2627T’L€_|_(J_|_—|—JR)€27TZ€_J_ 627mfmJ,,ﬂ,ﬂb 6277204,,6]-}

e+ = (€1t e)/2,ep = (€3 +€4)/2, m =e3 —€4)/2




String Elliptic Genus in (0,4) GLSM
+ Zn=Tr(-1)F q (B+PS)2 [ for n-strings
-+ express it in the path integral
- localize it on holonomy zero modes
* Zi-loop=Lvec Zhyper Liermi Liwist

- Do the holonomy integral in Jeffrery-Kirwan residue
prescription

Benini,Eager,Hori,Tachikawa 1,11(13)



single string

n° 01(2€4) ul! ¢+0«z+M) n? phs
%dqﬁ 291 91 62) H 01 €.|_ - az)) 91( Qd) -1- M 1;[
JK prescription: with n>0, we choose the poles of
positive charge Q
er+é—a;=0 (j=1,---,N), —es+20+M=0,

e p=aj—€4 (j=1,---,N)

d>

ml

_Z _GHN+801(aj_€+_ml))-H9( 91(ai+aj—e++M)

o (61)91(62)91 (2aj —3er + M i 1 — a,,)01 (2€+ — (aj - a,-))

e =M L prfor £=40,4, 47,7} (I=1,2,3,4)

_1 77_6 N+8 01( - ml + (_ Nz N+8 91( - m,)
20,(€1)01(€2) H GI(M a;) I_Iiv_ 0 (:&%M — a;)




two strings

N+8

H 91(¢12—mz) Hn 201(¢12 + ai + M)

fdﬁblz —77691(25+)2 H 01(6i5)01(dij + 2€4)
0 D O1(er £ (d1,2 — ai))

2 01(€1)*01(e2)* - 01(dij + €1)01(di5 + €2)

401(6— £ (91 + @2 + M))

 O1(—es £ (b1 + b2 + M))01(—es £ (2012 + M)’

We adopt the concise notations such as ¢;; = ¢ — ¢}, Gmn = am—an, 07(¢i;j+b) = 0r(di+b) 01(d;+b),
Or(amn +b) = Or(am + b)Or(an + b), 07, 5(b) = 0;(b)0,(b). The Weyl group W C U(2) is Zy. After

picking an auxiliary vector n to be (+1,+1), we collect all contributing residues given as follows.

poles

(¢1,02) = (am — €4,a, — €4) for m # n.

(¢1’¢2) = (G*EM + 41, am — €+) and (¢l’¢2) - (am — €4, &;;M +81)

more.....



Enhanced global symmetry on strings

SU(1) case: D6 brane disappears in the strong coupling limit.

U(Nt=9) gets enhanced to Es global symmetry. With multiplet
MS5s, this formalism provides one more chemical potential
along the transverse to M5 branes.

SU(2) case: U(10) gets enhanced to SO(20)

SU(3) case: ( Ni=11) + (Na=1) with symmetry U(11)xU(1) get
enhanced to U(12) as the anti-symmetric hyper is equivalent to
fundamental hyper

It is not clear from the instanton string dynamics. Elliptic




testing SO(20) with Sp(1)=SU(2)

Approach 2d O(1) for 6d Sp(1) in Example |

s 24: n° ll-OI 61(mu)
O1(e12) <= Or(ex £a) -7 7

Approach 2d U(1) for 6d SU(2) in Example Il

~ B1(e12)

Expand in g power

t — e2me+, U = e2me_, y; = e2mm,~ ? — e2mm Y = e2mM’ w; = e2mai’ W =
¢ 1/2 ., t2

~1/2 q
(1 —tu)(1 —tu?) [q + (1 - t2w?)(1 — t2w;?)

SO(20)_ SU(2 SU(2 SO(20) SU(2 2 20) SU(2 SU(2 SU(2
X300 Xap X" (1) = Xa0 Xgjs Oy (w1) = Xiso X1 (wn) +xays” (xays” (u)

(BXTya 2 () = X3 pp D(OX; 7 (W)X 02 (wr) + x50 D (@ (wi) = x3° D (x5 > (wy)

+X§8(§20)X?U(2)(t))+0(q3/2)]' q-1/2: 7Zero pOH’]t eﬂergy

SO(20) SU(2 SO(20) SU(2
( X5T§ )Xl/z(  (w1) + Xz12. 1/2( (1)

SU(2)
X372

% T2 61(a—ex —my)  61(—es + M) + (ta o Fa)| 6 E 1,2, 0r(55M —my)
01(2a — ey + M) 61(2a)6:1(2¢; — 2a) 91(61 2) = 20,345 + )

eZma.



testing SU(12) with single string for SU(3)

12 —1_1;+11
12 — 14 +11,
143 — 19+ 1110 + 11_15 + 120,

Expand in g power

t2 1 tx?yz(z)(t) 0 [+—2.SU@3) , ,—1¢.SU(2) SU(3). SU(12)
—tw)20—tw12|? Ortw )1 +tu) 9 (727 7 P ) - X6y

x5O 0P) +xdas D + 1+ x5 P +0(E) + O(ql)] . (3.26)

~



5d reduction of
6d (1,0) SCFTs

Hayashi,S.S.Kim,KL,Taki,F.Yagi’15’15,Hayashi,S
.S.Kim,KL,F.Yagi’15,’16,Kim,Kim,KL’13



5d reduction of 6d SCFT with Eg symmetry:

- 5d N=1 SU(2) gauge theory + 8 fundamental hyper
(+ 1 (rank 2) anti-symmetric hyper )

- decoupling hyper and reducing flavor symmetry: 5d

*In infinite coupling limit, SU(2) + Nt fundamental
hyper with SO(2N)xU(1) gets enhanced Eni+1
global symmetry

- 5d rank 1 SCFTs: Eo,E1,E+,E2,Es,E4,Es,Es E7,Es

Seiberg,



5d reduction of 6d Sp(1)T+S0O(20)
. 5d SU(3) + 10 fund hyper: U(10) x U(1),

. 5d Sp(2) + 10 fund hyper with SO(20)xU(1),

. 5d SU(3) + 9 fund flavor + 1 anti-sym

. 5d SU(3) + 8 fund flavor + 2 anti-sym

+ [4]-SU(2)-SU(2)-[4]

- Decoupling flavors and 5d SCFTs

Hayashi,Kim,KM,Taki,Yagi’15, Yonekura’15,
Gaiotto,Kim’15,
Zafrir’15, Hayashi,Kim,KL,Yagi’15 Bergman,Zafrir’14



5d N=1 SCFTs with SU(3)+N; fundamental
Ni=9, Nf +2Ikl= 10

Ny | Gy (s is the Chern-Simons level)

6-dim 10 | SO(20),
9 | SO(20),
8 | SU(10)o, [50(16) x SU(2)],
7 :SU(8)xSU(2)]%, SO(14)s
6 | [SU®6) x SU2) x SU(2)],,  SU(7)1,  SO(12),
5 :SU(S)xSU(2)]%, SU(6)s,  SO(10)s
4 | SU(4), [SU4) x SU(2)],,  SU(5)2,  SO(8)3
3 | SU@):, [SU(3)xSU(2)]%, SU(4)s,  SO(6);
2 | SU@), SU2):,  [SU@)xSU@2),  SU@B)s,  SO(4)s
1 |SU@)s,  SU(2);
0 | SU(2)s

Hayashi,Kim,KL,Taki,F.Yagi’15,Yo
nekura’15,Ki,Gaitto’15

5d-6d check: Hayashi,Kim,KL,F.Yagi’16,Yun’16



generalization to 6d Sp(N)T+(8+2N) fund

- 5d SU(n+2) + (8+2n) fund hyper:
-+ 5d Sp(n+1) + (8+2n) fund hyper:
- Decoupling flavors and 5d SCFTs

- SU(N+1) with k=N+3-Ni#/2 and Nsis equal to Sp(N)+ Nt

Hayashi,SS.Kim,KM,Taki,Yagi’15,Yonekura’15, Gaiotto,Kim’15,
Zafrir’15, Hayashi,SSKim,KL,Yagi’15



5d N=1 SU(n) +N; = (2n+4)

Ni=2n+3, Nf +2lkl= 2n+4

Ny | Gy
6 dim 2n+4 | SO(4n + 8)gun
2n+3 | SO(4n + 82-
2n + 2 | SU(2n + 4),, [SO(4n +4) x SU2)}y
2n+1 | [SU(2n +2) x SU(2)] . SO(4n + 2)500
2n SU(2n) x SU(2) x SU(2)],,, SU(2n + 1), SO(4n)s

Hayashi,S.Kim,KM,Taki,Yagi’15,Yonekura’15,Kim,

Gaiotto’15



6d (2,0) and (1,1) LSTs



(2,0) & (1,1) LSTs

- type lIA & lIB: N NS5 branes + fundamental strings

€1 €2 €3 €4

[ ] [ 1 [ 1

1 2 3 4|56 7 8 9
NS5 | e | @ o e e | @

F'1 o o




(2,0) LSTs
- Physics on N type IIA NS5 branes.
- Vacuum moduli is (R*xS1)N/Sn with radius ~1/1s2

- Abelian case: fundamental string on NS5 brane
M2 F

NS5




(2,0) LSTs

+ multiple NS5 branes

- M2 branes connecting M5 branes on M-circle=
fractional fundamental strings

-+ Low energy dynamics = 6d (2,0) SCFTs

M2

M5




(1,1) LSTs
- type IIB NS5 branes which is S-dual to D5 branes
- 6d (1,1) super Yang-Mills theory with 8r2/g2=1/Is2

- Instanton strings = fundamental strings on NS5
branes

+ the vacuum moduli for N NS5 branes or 6d (1,1)
SYM is (R4)N/Sn.



Index function

+ Choose charge one of ()isa todefine the
index function

- BPS: H=P>% along a compactified circle x>~x>+21R

° &1. 1'2, Eo. 3'4, 3. 6'7, 1. 8-9 Witten’97,Ahanorny,Berkooz’99

- Calculating the Witten index function of each LST
on a circle.

5 . . . |
y— Tr(_l)Fq(H—l—P )/2627T’L€_|_(J_|_—|—JR)€27TZ€_J_ 627mme 627Tzozr]:r

e+ = (€1t e)/2,ep = (€3 +€4)/2, m =e3 —€4)/2




Index function

- BPS states are made of momentum carried by
perturbative modes and by strings along x5

- Index functions is a product of two contributions:

ZLST(Q» U]) — Zpert(Q)Zstring(Q7 w)v

Zstm'ng (q, ’LU) =1+ Z W' Zn strings (Q)

Naw—=1

ZrsT(q,w) = quwlzk,z, Zo,o =1
k.l



T-duality along x°

- Exchange the momentum and winding modes of
(2,0) and (1,1) LSTs with Ra=a’/Rs

(171) _ Z(27O)
(momentum=Fk,winding number=[)  “~ (momentum=I[,winding number=k)
(1,1) _ 7(2,0) 1 _ I
Zpgr(@w) = Zpgp(q = w,w = q)



Ite'n,so'r — PE i _t(u + u_l) q

pert (1 —tu)(1 —tu=1)1 —q-

_ —1— t2 q

Iwecto'r — PE

pert (1 —tu)(1 —tu=1)1 —q.-
Ihype'r — PE i t(y T y_l) q

pert (1 —tu)(1 —tu=1)1 —q-

t — 62m'e+’ 1 — 627!'2'6_, y = e27rz'm’

PE(x) = Lo exp [i %}

1l —=x
n=1



On (2 , O) strin gs Anarony-Berkooz'96,0.Kim,S Kim KL'15

NS5 branes on M-circle= M5 branes at position (a1,as,
...,an) on M-circle

Include a single A_0 branes and S-dual which
exchange x' and x° : Introduce a single D6 brane

Haghighat,lgbal,Kozcaz,Lockhart,Vafa (2013)

Easy to write down the theory on D2 brane segments

NS5 NS5 NS5 NS5
1D6 H—f—H—HN———t— —> XTI
a1 (o ) aN

ntD2 n2D2 nn D2



On (2,0) strings

Multiplet Fields Umni;) |UQ)m
Vector Aff), /—\S'f)Ad adj; 0
Hyper qg), zp@A n; 0
Hyper a((:%, ,\S)_A adj; 0

Twisted hyper @g), ge (n;_1, ;) 1
Fermi \IlgzL (n;_1, n;) 1
Fermi Sf) n; 1
Fermi ~$) n; —1

2d (0,4) QFT on fractional D2 strips




n (2,0) strings




On (2,0) strings

o /(20) g1 = Zpert Zstring

o0
ITA . A AN E 271 I\L n;o; 4 (nl r"anN) .

string string
n;=0
00
- Z (v1)™ (v2)™ - - - (o)™ Zs(tri-}r’lg’nN)(G:t, m;q).
n; =0

N b : b
Z(n1 ..... ‘J’I.N)(e:h m: q/) L z H H 91 (q” E‘&(:-{-)l —m+ E—)91 (q’) Ez(:_)l +m + 6—)
string » 10Oy T b b
Vi y¥ilmns ol @ojev, 0@ EF”Y + )01 By — e2)

ESY = (Yia — b)er — (Y1 —a)es, B, = ESY

7,1



On (1,1) strings
- self-dual strings= SU(N) instanton strings

-+ 2d (4,4) ADHM dynamics on instanton strings

- fractionalization of momentum

* Q4,02,..., AN, ON+1=01+2T1RA : the gauge holonomy of
YM along x° of |IB = the position of M5 branes
along x1



On (1,1) strings

2d (4,4) ADHM dynamics

N=(4,4)| N =(0,4) Fields | U(k) | U(N)
vector vector Ay, A% | ad] 1
twisted hyper | @q4, A% | adj 1
hyper hyper Aofs M| adj 1
Fermi AafB+ ad] 1
hyper hyper Qs VA k N
Fermi Va— k N




On (1,1) strings

Sum over N Young diagrams whose total size is k.

N
01 (q; Eij +m —e_ )0, (¢; E;; —m —€_)
Zi(0u,€x,m5q) = J j
Y:Z%l;d:k 21]_=[1 .o,le—}[’, 01(q; Eij — €1) 01 (¢; Eij + €2)

Ez'j = QG — Qj — €1hi(8) + 62’1)]‘(8).



Testing T-duality

+ The extra sector due to Fl term (D6 brane) Zja =
LAl Lextra

-+ The wrapped string or D2 brane in |IA brane setup
which moves away from NS5 brans.



U(1) LSTs

- Both cases, the string dynamics is free and so the
multi-winding string partition function is given by the
Hecke transformation of that of a single string
partition function. Both cases, one gets the identical
partition function.

- Taking care of the extra states in |IA and the
difference in the perturbative part, T-duality leads to

- ZA(ex,m;q’,w’) is symmetric function under the
exchange of g’ and w’

* pQg5 brane picture implies triality between



Exchange Symmetry of g’ and w’

ZIIA(G:b m, q,) w,) = PE [I— (G:b m)zsp(ezta m, q,a w,)]

O N under S-duality, it is
S s symmetric




Exchange Symmetry of g’ and w’

Zep(€x,m; ¢, w') = (¢ + ') + (¢ + w™) + (¢w) [tu+%+%+%—uy—%—§—£
+¢"° +w" + (¢*w' + ¢dw') [t2u2+z—22+7:—22+#+t2+%—tuzy—%—%—%
—tz2—’:y2—%—utj+tu+£+%+;—t—2ty—%—%—2%+2u2+%—uy——
—g—:—y+y2+;—2+4] +(¢" + w") + (¢"w' + qw”) [t3u3+iz+1:: +#+t3u+t—
+#—2t2uy—22ﬁ—?—i—tj—?Ty—;—a—;—?;—%+2t2+%+2tu3+%
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Triality

Add the contribution from the massive
hyper in 5d due to mass term

-~

Z(E:t; 47 QD) y) = PL [Icom(ezl:)y] ZIIA .

1 t

Icom — : J 1 e |
() 2sinh #592sinh #52 (1 —tu)(1 — tu™?)

-~

Z(ex; 4, 0,) = PE |LeomZep(ex:,9,7)|.



Triality

(1+u?)(t +u+ t°u + tu?)
. quy

+ (¢*0 + gu* + §%y + Gy* + %y + wy®) — (u +u ) (@D + ¢Py® + 0y?)

w4+ 1) (2w + 1)+ 2tu+u?+1) .., .
( ) (* ( ) )qu(q+w+y)

tu?
(1+u?)(t+u+t2u+tu?), . o, .
T quy(q* + o* + y°)

Zap(ex; 4, y) = G+ +y — (u+u')(qd+ Gy + by) +

+ ((jB,&)Z +q~2w3 +q~3y2 +62y3 +’UAJ3y2 +w2y3) 4+

vt tu)+ e (Wt 1)
+ 3 quy(qw + gy + wy)

2 But+ T +Nu+t(Wl+ i+l + D)+ + e+, L. .
+ ( ) ( 33 ) quy(qw + qy + Wy)
— (u+u)(§°0° + ¢y° + %y

(W2 + 1)t (ur+u?+ 1) +33 WP +u) . o o . ) ) )
- a3 Gy (G2 + Gu* + ¢°y + Gy* + 0’y + wy?)

(u? +1) (2t% (u* +3u? + 1) + 3t (v +u) +u* +u? +1) ., 5.

-~ o gy (§* + §iv* + (cyclic))




U(2) LSTs

fractionalization of strings in [IA and momentums in
1B

2T —1
IBJIA vy = e2™2 gy = quy
Zug(ey, €4, myw,v;) = PE | Ion(t,u) Z FZIJI,?(t u, y)w" vlvé’
! i,j,k=0 _

7 : _ FUA i, 9,k
Zna(ag, €4, myw,v;) = PE | Ieom(t, u) E Fip (t, u, y)w'vivy
1,7,k=0 -

¢ =w, w=gq

T-duality — FIA = FUIB = F,

1] ()



U(2) 1A & IIB LSTs

1 1 2 2
Fooo =1, Foio=—1t— - —, Fonu=-20——-+2 i,
000 010 t+y+y 011 t+ y+y
1 1 2 2
Fooo =0, Foor=—t——-+y+—, Foo=—-2t— - +2y+ -
t Y ¢ Y
2 2
F100=—2u__+2y+_)
u Y
2 w1 t? oy, 1 ty jtu Y U
Fio=—t*u—— — - — gy TEY+ 4 gt o w Y
o = —tu— g Y by
1 uy o 1 1 Y 2 2 2
+tuy+t Y y* oyt ot oy “+2y+y |



Conclusion

- Any thing unknown happens at the symmetric
phase of SCFTs and LSTs?

- dynamics of self-dual strings
- Other approaches: bootstrap, effective action...

+ Other partition functions?



