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Abstract: Instantons and W-bosons in 5d N=2 Y ang-Mills theory arise from a circle compactification of the 6d (2,0) theory as Kaluza-Klein modes
and winding self-dual strings, respectively. We study an index which counts BPS instantons with electric charges in Coulomb and symmetric
phases. We first prove the existence of unique threshold bound state of U(1) instantons for any instanton number. By studying SU(N) self-dual
strings in the Coulomb phase, we find novel momentum-carrying degrees on the worldsheet. The total number of these degrees equals the anomaly
coefficient of SU(N) (2,0) theory. We finally propose that our index can be used to study the symmetric phase of this theory, and provide an
interpretation as the superconformal index of the sigmamodel on instanton moduli space.
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M5-branes

* Theories on M5-branes:

. 6d N=(2,0) superconformal FIELD theory for tensor supermultiplet

. ADE classification, but focus on A-type theories

. No Langrangian description sofar...
. No tunable dimensionless coupling const.; strongly interacting theories

. Mysterious scaling behavior

—> [ AdS/CFT: # of degrees of freedom = N2
anomaly inflow : # of degrees of freedom = N°- N
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5d N=2 SYM

« M5-branes on a circle: M5s become D4s

. 5d G=U(N) Maximally SYM with g7\, = 87° R\ ; non-renormalizable theory

. Massive modes in KK tower: DOs in D4s
—> appear in 5d theory as instanton solitons
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. Proposal: non-perturbative formulation of 5d N=2 SYM can define 6d N=(2,0) SCFT

. Study quantum degeneracy of BPS states, insensitive to UV details !
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BPS Spectrum

« SUSY algebra: (d1) = vr (I =1,2,3,4,5)

instanton charge U(1)N charge
aJ 7 Y [ Ly (\I;TJ ) 1l * 8 ! Y
{QvM,QN} = Pu(T"C)unw" 4 L MNW" — ”1"1)(1 ‘W) Oy
9y m
M. N :S0(1,4) spinor index
. 1 ' 4 -
. Symmetric phase: 4 :Spi4) Reymmetry index

%2-BPS instanton (" ): massive tensor multiplet (3,1,1) & (2.1,4) & (1,1,5)

S0O(4) Sp(4)
. Coulomb phase: 1/(N) — (1)

%2-BPS W-boson (- 7): massive vector multiplet

%4-BPS W-boson + instanton (~ '+ ); when D4s are parallel, vs diag(v!,v?, ..., 0")
372|2 - Q = diag(Q,Q2,....QxN)
V) /48PS ; Q-1
AR

—>threshold bound states: subtle !
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Counting Y4-BPS States

* Why Y4-BPS states?:

—> Implication to quantum spectrum
of 6d N=(2,0) theory & self-dual string

* How to count them ? : Witten index of (deformed) DO-D4 QM
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Counting Y4-BPS States

+ SQM for k DOs in N D4s : SUSY U(k) gauged QM with
. Global symmetry: 80(4)1:34)( SO(4)g789
| 8supercharges @ @ (1,2.2.1) ®(1.2,1,2)

flavor symmetry: [/(N) — U(1)"

0-0 string 0-4 string
. Field contents & Reps: 1 vector- + 1 adj. hyper- + N fund. hyper- multiplets
(@1, Ag, A'Y) (@i Ay) (ga, ")
ans © (2.2.1.1), motion of DOs inside D4s
’ ‘ ) | ADHM data
g : (1,2,1,1), scale modulus of instanton

o1 ¢ (1,1,2,2) & (1,1,1,1), motion of DOs away from D4
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Counting Y4-BPS States

* Why Y4-BPS states?:

NG |
N2
KK

—> Implication to quantum spectrum
of 6d N=(2,0) theory & self-dual string

* How to count them ? : Witten index of (deformed) DO-D4 QM
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Counting Y4-BPS States

+ SQM for k DOs in N D4s : SUSY U(k) gauged QM with

. Global symmetry: 1 SO(4) 20, X SO(4)e7so
| 8 supercharges Q. : (1,2,2,1)®(1,2,1.2)

flavor symmetry: U/(N) — U(1)"

0-0 string 0-4 string
. Field contents & Reps: 1 vector- + 1 adj. hyper- + N fund. hyper- multiplets
(@1, Ag, A'Y) (@aas AL) (qa, V")
aa ¢ (2,2,1,1), motion of DOs inside D4s
“ * ) | ADHM data
g : (1,2,1,1), scale modulus of instanton

o1 ¢ (1,1,2,2) & (1,1,1,1), motion of DOs away from D4
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Counting Y4-BPS States

+ SQM for k DOs in N D4s: SUSY U(k) gauged QM with

. Interactions: | D-term eqn: ADHM eqn for k-instanton

Coulomb branch parameter: twisted mass terms {/(N) — /(1)"

— v =0 : %2-BPSinstanton = SUSY ground state in QM

v # (0 . %-BPSDOs+F1="-BPS state in QM

E > Il'((‘_',()) Q f'(q,-, /)“q"' - f)“r;,'q'-‘)

T
Q. :1./%2.1} 5(1,2.1.2)

U(1)N flavor charge
Q"

C
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BPS Spectrum

(o) =v; (I =1,2,3,4,5)
« SUSY algebra: i
g instanton charge U(1)N charge
872
(Qh . Qh P,(T*CYpnw? + i— kO nvw? — ite{Qb) (T W) Casa
Qv Qn} =P M. .4'%__” M. / M.

M, N :S0(1,4) spinor index

. Symmetric phase: i, ] - Sp(4) R-symmetry index

2-BPS instanton (" ): massive tensor multiplet (3,1,1) & (2.1,4) & (1,1,5)

S0(4) Sp(4)
. Coulomb phase: 1/(N) — (1)

%2-BPS W-boson (© 7): massive vector multiplet

%4-BPS W-boson + instanton (- '+ ); when D4s are parallel, vs diag(v!,v*, ..., 0")
82| - Q = diag(Q,Q2,....QxN)
M, /s.8ps — + QU
Iym

—>threshold bound states: subtle !
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Counting Y4-BPS States

+ SQM for k DOs in N D4s: SUSY U(k) gauged QM with

. Interactions: | D-term eqn: ADHM eqn for k-instanton

Coulomb branch parameter: twisted mass terms {/(N) — /(1)"

— v =0 : %2-BPSinstanton = SUSY ground state in QM

040 . %-BPSDO0s+F1=1-BPS statein QM

E > tr(vsQ) « i(qaDoq” — “tlfiufi'-‘)

T
Q. :1./%2.1) 5(1,2.1.2)

U(1)N flavor charge
@5
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Counting Y4-BPS States

+ SQM for k DOs in N D4s: SUSY U(k) gauged QM with

. Interactions: | D-term eqn: ADHM eqn for k-instanton

Coulomb branch parameter: twisted massterms {/(N) — /(1)"

— v =0 : %2-BPSinstanton = SUSY ground state in QM

v # (0 . %-BPSDOs+F1="2-BPS state in QM

£ > tr(vsQ) Q = i(q:Doq" — Dogaq”)

T
Q. :1./%&.1; 5(1,2.1.2)

U(1)N flavor charge
@
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Counting Y4-BPS States

* How to count 2-BPS states in QM ?:

. Define a supersymmetric index as

0
|
-~

o
-

™
St
o
P
~
™
(- |
~
-4

I = tr|(=1)Fe "9"}

—> Since QM is too SUSY, Witten index becomes trivial !

. Introduce chemical potentials w.r.t. charges, satisfying [global charges, Q| =0

Ie(, v, AL, vR) = tr|(=1)Fe™#9 -2l 25,0 2”;}

diag

SO H]!.’H ~ SU(2);, x SU(2)p Jp e SU(2), Jp o .‘1'{-('_)]!' -]:,-" »L“{'i'-']';l-

SO4) gm0 ~ SU(2); x SU(2)r
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Counting Y4-BPS States

+ SQM for k DOs in N D4s: SUSY U(k) gauged QM with

. Interactions: | D-term eqn: ADHM eqn for k-instanton

Coulomb branch parameter: twisted mass terms {/(N) — /(1)"

— v =0 : %2-BPSinstanton = SUSY ground state in QM

v # (0 . %-BPSDO0Os+F1=1.-BPS state in QM

£ > tr(vsQ) Q = i(q:Doq" — Dogaq®)

T
Q. :1./%&.1} 5(1,2,1,2)

U(1)N flavor charge

Q"

i
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Counting Y4-BPS States

* How to count /2-BPS states in QM ?:

. Define a supersymmetric index as Q = Oyt

-

[, tr|( “l)l"( ]IQ_J Q*=H —(j' v

—> Since QM is too SUSY, Witten index becomes trivial !

. Introduce chemical potentials w.r.t. charges, satisfying [global charges, Q| = 0

I (i, YL, YL, YR) = tr (7”!-'( “'?:f “"Br .']"’r ._}“ff 2””}

diag

H'()l: “]J.'SI — 5{[_!]; X S((_’Jh .;"; { ."'.[.{'_"IL .l‘r ¢ H{[_)][ -]:,'}' H('{."],".'

S()( t)(,,‘,\n i ‘77(.3][ X ‘7?(..”}1’
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Counting Y4-BPS States

+ SQM for k DOs in N D4s: SUSY U(k) gauged QM with

. Interactions: | D-term eqn: ADHM eqn for k-instanton

Coulomb branch parameter: twisted massterms {/(N) — /(1)"

= v =0 : %2-BPSinstanton = SUSY ground state in QM

v # 0 : %-BPSDOs+F1="2-BPS state in QM

£ > tr(vsQ) Q = i(q:Doq" = Dogaq®)

T
Q. :1./2/&.1} 5(1,2.1.2)

U(1)N flavor charge
Q"

C
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Counting Y4-BPS States

* How to count '2-BPS states in QM ?:

. Define a supersymmetric index as
. F 1Q% 5 -
fi = tr|(=1)"¢ } QP=H-Q 7

—> Since QM is too SUSY, Witten index becomes trivial !

. Introduce chemical potentials w.r.t. charges, satisfying [global charges, Q| =0

I (i, YL, YL, YR) = tr (7”!-'( “'?:f “"Br .']"’r ._}'A!f -'”A”}

diag

H'()': H]:;” -~ H{[Jl‘f X S((l]h .;"; € ."'.[.{'_’)L .l‘r ¢ H{[_)]| -I:,'}' »L“{'i.-']lrl-

SO4) gm0 ~ SU(2); x SU(2)r
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Index = Nekrasov Inst. Partition Fn.

* Index:

. Define a generating ftn with a chemical potential to the instanton charge

I(fi,7:q) Z Ii.(fi,~ )q't"
k=0

—> coincides with the Nekrasov instanton partition fucntion of 5d N=2* SYM on a
circle of radius g,

[, YL, YL-YR) = ZNek(d,€1,€2,m)

once the parameters in both quantities are indentified as follows

ol
3 8

g=e Y™ ji=2d (YR — L) = 2¢; iy, = 2m
scalar VEV (YR + L) = 2¢€9 mass parameter of
N adj. hypermultiplet

Omega def. parameters

Pirsa: 12030120 Page 20/52



Index = Nekrasov Inst. Partition Fn.

* Index:

. Define a generating ftn with a chemical potential to the instanton charge

I(fi.~v:q) Z I.(f2,~ )qh
k=0

—> coincides with the Nekrasov instanton partition fucntion of 5d N=2* SYM on a
circle of radius g,

I(fi, Y. YL YR) = ZNek(d,€1,€2,m)

once the parameters in both quantities are indentified as follows

-l
3 8

q = e IYM ji=2a (YR — YL) = 2¢€ iV 2m
scalar VEV (YR + L) = 2€2 mass parameter of
v adj. hypermultiplet

Omega def. parameters
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Index = Nekrasov Inst. Partition Fn.

* Index:

. Define a generating ftn with a chemical potential to the instanton charge

I(fi,v:q) Z L (7, %)q"
k=0

—> coincides with the Nekrasov instanton partition fucntion of 5d N=2* SYM on a
circle of radius g,

I(fi, YL . YL YR) = ZNek(d,€1,€2,m)

once the parameters in both quantities are indentified as follows

ol
3 8

q ¢ IYM ;f 2a (" R —7L) 2€ f‘ L 2m
scalar VEV t(Yr + 1) 2€9 mass parameter of
v adj. hypermultiplet

Omega def. parameters
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Index = Nekrasov Inst. Partition Fn.

* Index:

. Define a generating ftn with a chemical potential to the instanton charge

I(ji,v:q) Z L (7, %)q"
k=0

—> coincides with the Nekrasov instanton partition fucntion of 5d N=2* SYM on a
circle of radius g,

I, YL, YL, YR) ZNek(d, €1,€2,m)

once the parameters in both quantities are indentified as follows

w s
3 8

q=¢ IYM ji=2a (YR — L) 2¢) iYL 2m
scalar VEV (YR + L) = 2€9 mass parameter of
N adj. hypermultiplet

Omega def. parameters
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Index = Nekrasov Inst. Partition Fn.

* Index:

. Define a generating ftn with a chemical potential to the instanton charge

I(fi,7:q) Z Ii.(fi,~ )q't"
k=0

—> coincides with the Nekrasov instanton partition fucntion of 5d N=2* SYM on a
circle of radius g,

[(fi, YL . YL YR) = ZNek(d,€1,€2,m)

once the parameters in both quantities are indentified as follows

ol
3 8

q = IYM it =20 (YR — YL) = 2¢€ Y] 2m
scalar VEV t(Yyr + 1) 2€9 mass parameter of
v adj. hypermultiplet

Omega def. parameters
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Index = Nekrasov Inst. Partition Fn.

* Index:

. Define a generating ftn with a chemical potential to the instanton charge

I(fi,v:q) Z L (7, %)q"
k=0

—> coincides with the Nekrasov instanton partition fucntion of 5d N=2* SYM on a
circle of radius g,

(i, YL, YL, YR) ZNek(d, €1,€2,m)

once the parameters in both quantities are indentified as follows

-l
3 8

q = ¢ IYM ji=2a (YR — L) 2¢) iYL 2m
scalar VEV (YR + L) = 262 mass parameter of
N adj. hypermultiplet

Omega def. parameters
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Index = Nekrasov Inst. Partition Fn.

* Result:

. Index can be computed by Gaussian path-integrals over a set of saddle-points
(solutions of deformed ADHM), characterized by N-colored Young diagrams

s € Y
Y = {V],Ys,.Yn} : D.....__) un(s)

!

. Y
— I(ii,7v.q) Z q I{M.)_...‘S\}
Y ={Y1,Y2,..Yn)
A sinh Eij—i(v24+vr) sinh Eij+i(va=vr)
where  1(viys, vy} H H ' - Ey w1 Eg—2nR
iG=1 seY, sinh 2 sinh e e

Ei; = pi —pj+i(y1 —yr)hi(s) +i(m + vr)(vi(s) + 1)

Pirsa: 12030120 Page 26/52



Counting Y4-BPS States

+ SQM for k DOs in N D4s: SUSY U(k) gauged QM with

. Interactions: | D-term eqn: ADHM eqn for k-instanton

Coulomb branch parameter: twisted mass terms {/(N) — /(1)"

— v =0 : %2-BPSinstanton = SUSY ground state in QM

v # (0 . %-BPSDOs+F1='-BPS state in QM

£ > tr(vsQ) Q = i(qaDoq" — Dogaq®)
L J

T
Q. :1./2/&.1; 5(1,2.1.2)

U(1)N flavor charge
Q"

L8
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Index = Nekrasov Inst. Partition Fn.

* Index:

. Define a generating ftn with a chemical potential to the instanton charge

I(fi,v:q) Z I (7, %)q"
k=0

—> coincides with the Nekrasov instanton partition fucntion of 5d N=2* SYM on a
circle of radius g,

I, VL. YL YR) = ZNek(d,€1,€2,m)

once the parameters in both quantities are indentified as follows

-l
3 8

g=-e ™ ji=2d (YR — L) = 2€; iy, = 2m
scalar VEV t(Yr + L) = 2¢€9 mass parameter of
N adj. hypermultiplet

Omega def. parameters
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Index = Nekrasov Inst. Partition Fn.

* Result:

. Index can be computed by Gaussian path-integrals over a set of saddle-points
(solutions of deformed ADHM), characterized by N-colored Young diagrams

s € Y
Y = {Y].Ys,.Yn} : D""—)'

l

han(s |

" Y
— I[(ii,7v.q) Z q [{M.}_...‘S\}
1% {Y1,Y2,. YN}
N sinh Zia=t2+yr) ooy Eiiti2—vR)
where  I{viva...vy) H H By - By—2%R
ii=1seY, H]llll ,_; h]llll *"'.'_,——"'—'

Ei; = pi —pj +i(y1 —yr)hi(s) +i(y +vr)(vi(s) + 1)
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Window into Physics of M5s

« Applications to physics of M5-branes

—> [1]uniqueness of U(1) instantons (a single M5)
[2] world-sheet spectrum of self-dual strings & partons
[3] anomalies of self-dual strings

[4] superconformal index of 6d N=(2,0) A, theories
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Uniqueness of U(1) Instantons

« Conjecture from M-theory: KK mode in a M5 are in the massive tensor multiplets

Unique 1-particle state for all instanton numberk in 5d N=2 U(1) SYM
or, equivalently unique threshold bound state of k U(1) instantons

. Earlier attempts: count # of normalizable harmonic forms on the instanton moduli space.

. Use the instanton index to prove the conjecture.

* Single-particle Index:

. Index counts all single-particle and multi-particle BPS states.

—> need to separate out single-particle contribution, which is in general very diffiucult !

. BUT, DO-particles are mutually non-interacting !

. . = 1
. Use plethystic exponential I(}i,~) F.\'})[Z — tgngl (ML, MY, q")
Tt

n

Pirsa: 12030120 Page 31/52



Uniqueness of U(1) Instantons

* Proof:
™
. Expand i, (q,7) Zf,"é,‘.c-.),theconjectureimplies ik(v) = ip=1(7)
k=1
, X q . ) N __'r‘ 1l q¢" . )
j’\luﬂ("l- /) l _q’.‘. 1(y), or “‘j) ]“\],.Z:IHI f"r"”’i‘ (1Y)

. Use the refined topological vertex techniques

A A 1
Qe u t 1 - QiQ 'u

N ' © ,
Z ll | - ¢ 1[ | — OFu (1 — Okwitr—1) 1
k1 ve ‘e [(3.1.1] b(2,1,4)d El.l.r)l]

contribution from

2 vert 1 - Q,,t u
ll b (L). » t e '\ t/
iz massive tensor multiplet
Q — e = W= ¢ Fr
'
X f 1
~1 4" ] . sin L2k gjn 1L
I(v:q) I'.xp[ 2 I —ir=1(ny)| with i;_,(%) — -’ —
e S q . sin LR gjn LI

Page 32/52
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Window into Physics of M5s

« Applications to physics of M5-branes

— uniqueness of U(1) instantons (a single M5)
[2] world-sheet spectrum of self-dual strings & partons

[3] anomalies of self-dual strings
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Spectrum of Self-Dual String

» Self-dual string: two M5s in Coulomb phase...

. - massive string excitation, charged under the two-form gauge field Buy ( #sdB = dB )
both electrically and magnetically.

. Self-dual string = M2 stretched bet'n M5s \\
N
K 2 F . N

. world-sheet mom. mode of the self-dual string |
= along M-circle on Pad’ R

I
1
=bound state bet'n and N

—> Index provides non-trivial results for the world-sheet spectrum of self-dual strings !
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Spectrum of Self-Dual String

* How to read off the spectrum from index ?:

. Separate out the single-particle index: no long-range force bet'n %-BPS states

X

l
I(ji,7) F.XI)[Z ;iﬂwﬁrr/r'.fa‘.r{”)

n=1
. Expand the 1-particle index in terms of chemical potentials for U(1)N charges,

(H1—p3) 4 (p2 —ps)

tsngl (1Y, Q) = e, —a,(q, 77 )¢ igy—en (G, 7))
it mesures # of bound states of it mesures # of bound states of
DOs and F1 bet'n 15t and 3@ D4s DOs and F1 bet'n 2™ and 5" D4s

(€7); = 0;; : basis of U(1)N-charge vectors
(:2=12,...N)
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Spectrum of Self-Dual String

« SU(2) self-dual string: or, %-BPS state carrying electric charge ¢, — &5

. set 7. = ™ which almost Kills the effect of (-1)F & take the limit vz = g — 0
F\\ = iz -5(q) = 1+ 8¢ + 40¢° + 160¢” + 552¢"

\\\‘\\\\\\\
- : A M5)
\'\‘\ ~
L2 TN

N
~J
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Spectrum of Self-Dual String

+ SU(2) self-dual string: or, %-BPS state carrying electric charge ¢, — &5

. set 7. = ™ which almost Kills the effect of (-1)F & take the limit vz = vr — 0

= iz -5(q) =1+ 8¢+ 40¢° + 160¢” + 552¢"

. N :
| \ l | ’!H
T s) 1 (=5)
\\ . Partition function of 4 free bosons + 4 free fermions
. Y
~ c.0.m of
self-dual string
. M-theory states are VISIBLE in 5d QFT. 91 & & SjS's 7 °
M2
KK
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Spectrum of Self-Dual String

ith MS

* SU(N) self-dual string: N

[1] iz, -, = 1 + 24q + 264¢% + 2016¢° + 12264¢" + 635044° + - - -

= 1 +q"
i

s S’ 4
/
/
/

|
) x (1 + 16q + 96¢° + 448¢> + 1728¢" + 58564° +
L

T
EXTRA modes appear !

[2] iz, e, = 1 + 40q + T44q* + 8992¢" + 82344q" + 618864q° +

4
X 4] I
I'f[ | . v 2 y 3 - | om0
II (I ) X (1 4 I(Jf[ } ‘.)ilq_ . H(\'q 4 [,‘_)‘\'q - D856qg" 4 FI
q"
n=|]

. 4

n I » 2n-l Zn-l 1 ‘
‘ l +¢q dz (l14qg 2 z)(14qg 2 27"
:> f,': '[q} H ( ] '.Irr ) a % ')—'.'- l_[ 2n—l ) 2n—1 o —1
: J &Nt (1 q 2 z)(1—qg 2 z71)

r
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N3 - N & Partons

« Anomaly coefficient of N M5s: N3 - N

N(N -1

)

) ~ N2 self-dual strings ending on two different M5s.

. In low-momentum sector, 4 N2 d.o.f. associated c.0.m of self-dual string.

. In high-momentum limit (6d limit), many extra degrees appear.

‘)

. How many then ?: take the limit ¢ — 1~ then iz _-(q) — Exp[”l‘i) -6(7 — 1)
‘ LO(L —q

degeneracy of

—> Collectd.o.f on all single-self-dual strings, then we get ... high mom, mode

N 71-1
g Z Z(i{‘j ~i)=N3*=N
=] =]

, which coincides with the anomaly coeff. Of N M5-branes !
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Spectrum of Self-Dual String

ith MS

» - T . ~ 7 \--h\ - :\:\‘
SU(N) self-dual string: A A
Tk
/ 1
[1] isy -, = 1 + 24q + 264¢% + 2016¢° + 12264¢" + 63504q° + - - - .
x ny 4
II L +¢q : . 2 , 3 —y@, FQEe D
: X (1 4 16g + 96q° + 448q~ + 1728q" + 58564~ +4 )
n=1 1 =¢" L - )
EXTRA modes appear !
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N3 - N & Partons

» Partons: provide extra-modes to self-dual string, which possibly accounts for N3 - N

. Look at the closed-form for extra degrees of freedom

—> | [1] emergent U(1) gauge symmetry
charged particles, fit into SUSY,
and carry fractional instanton or KK-momentum charges

[4] not all physical (U(1)-singlet condition): confinement bet'n partons

In the 6d limit (high-momentum), or high-temp. limit, these partons can

LIBERATE and move freely, providing extra 6(j-i-1)-modes !
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Window into Physics of M5s

« Applications to physics of M5-branes

= uniqueness of U(1) instantons (a single M5)
\/]world-sheet spectrum of self-dual strings & partons

[3] anomalies of self-dual strings
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Self-Dual String Anomaly

« Anomaly : start with N M5-branes ...

. Single M5 brane far away from the rests,i.e.,G = SU(N) — H x U(1)
SO(4) 1234 SO(4)s759

() ] 2 3 | D 6 T X 0 11
M5 | x . : . - ;
M2 x X ’

. Anomaly Cance”atIOHI "‘Hii\ 1) SO lu(hrxllmu‘ T ‘S.:Ullphllg T -H'\I.Ln) 0

SMs = -+ + Swzw ( K / H' A Q(op, Agoy ')
k=|G|-|H|-1
M5 \ = 050 (1)5me SWzw # 0 must be cancelled by SO(4)s,5, anomaly
\\\\ of SHIHH(]
N # of fermion zero-modes is ‘l}( G| —|H|-1)
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Self-Dual String Anomaly

» Microscopic (or, less-macroscopic) derivation:

. When the symmetry SU(N) is completely broken, i.e., H = U(1)N-2
#="2(N°-1-(N=-2)=-1)=%(N2=N)

. Parton description can explain a less-macroscopic origin of the anomaly ...

—> Sum over all world-sheet partons on N-1 different
self-dual strings of our interest will give us

N-—1

> (N-i) _I,(_\'J N)

1=1
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Self-Dual String Anomaly

« Anomaly : start with N M5-branes ...

. Single M5 brane far away from the rests, i.e.,G = SU(N) — H x U(1)
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Self-Dual String Anomaly

» Microscopic (or, less-macroscopic) derivation:

. When the symmetry SU(N) is completely broken, i.e., H = U(1)N-2
#="2(N°=-1-(N=-2)-=1)=%%(N2=N)

. Parton description can explain a less-macroscopic origin of the anomaly ...

—> Sum over all world-sheet partons on N-1 different
self-dual strings of our interest will give us

N-1
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Window into Physics of M5s

« Applications to physics of M5-branes

— uniqueness of U(1) instantons (a single M5)

%world-sheet spectrum of self-dual strings & partons

\/]anomalies of self-dual strings
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Outlook

* Summary:

. The instanton index is very useful to have a number of (quantitative) hints on mysterious
dynamics of 6d N=(2,0) theory and self-dual strings.
« Symmetric phase index:

. DLCQ of 6d N=(2,0) theory can be described by the instanton sigma model, NR SCFT.

. PROPOSAL: Index in symmetric phase is the superconformal index of (2,0) theory

<= Observed that the index counts BPS eigenstates of NR dilatation operator

R

(0.8} =iD —2(2Jp +Jr) — H whens — 0
d

NR dilatation operator

. Index for k=1 with large N matches with SUGRA index (AdS, X S?) of k=1 sector
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Outlook

* Partons ?: Need a microscopic understanding of it. After a chain of duality,

[1] 2d sigma model whose target space is magnetic monopole moduli space
[2] Quantum Higgs branch of 2d=(4,4) theory of D2-NS5 system

[3] Theory on Harvey-Basu moduli ?: boundary theory of ABJM ?
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N3- N & Partons

» Partons: provide extra-modes to self-dual string, which possibly accounts for N3 - N

. Look at the closed-form for extra degrees of freedom

—> | [1] emergent U(1) gauge symmetry
charged particles, fit into SUSY,
and carry fractional instanton or KK-momentum charges

[4] not all physical (U(1)-singlet condition): confinement bet'n partons

In the 6d limit (high-momentum), or high-temp. limit, these partons can

LIBERATE and move freely, providing extra 6(j-i-1)-modes !

Pirsa: 12030120 Page 52/52



