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6d (2,0) Superconformal Theories

* A, D, E type: type |IB on R x C?/I

*  AN-1, Dntype: N M5 branes, N M5 +OMS

*  superconformal symmetry: OSp(2,6|2) D O(2,8) x Sp(2)r
*  fields: B, &, ¥

*  selfdual strength H=dB=*H, purely quantum h=1

*  We do not know how to write down the theory for nonabelian case.

*  covariant derivative?
* N3 degrees of freedom

*  Can you calculate something of (2,0) theories?
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5d N=2 SYM as the M5 brane theory

*  compactification on R4 x S?with radius R

*  the lowest KK modes = 5d SYM

*  coupling constant 1/gym? = 412/R

* instanton = quantum of KK modes of unit momentum
* drop KK modes and keep instantons

* 5d SYM + instantons = ? 6d (2,0) theory
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5d SYM on 6d (2,0) theories

*  dyonic instanton index, DLCQ of 6d (2,0) theory
Hee-Cheol Kim, Seok Ki, E. Koh, KL, Sungjay Lee

*  6-loop divergence in large Nc¢ planar limit for four-point amplitude

Z. Bern, ). J. Carrasco, L. J. Dixon, M. R. Douglas, H. Johansson, M. von Hippel
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More Lessons from 5d SYM

*  |nstantons are magnetic objects.

* Further compactification to 4d: DO becomes D1 which is S-dual to F1=KK modes for 5to 4 d
compactification.

*  1/4 BPS selfdual string junction in the Coulomb phase of 6d (2,0) theory
* possible solution for N3 degrees of freedom.
* counting works,

*  The entropy calculation in the Coulomb phase seems to work.

Tuesday, January 29, 13



the index function on S' x S°

*  B5d SYM on S° <Hee-Cheol Kim, Seok Kim> , < Lockhart, Vafa>, Imamura

* S-dual version of the index

*  S%js ST fiber over CP2%;  ds?ss = ds?cp2 + (dy +V)2, dV=2J, J=*J
* 6d (2,0) Theories on R x S°/Zx with large k and twist with R-symmetry

*  Question:
* any supersymmetry preserved?
*  Thelarge k limit leads to 5d limit.

*  Does it teach us anything about (2,0) theories?
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6d Abelian Theory (Fermion+ Scalar)

*  onRxS°

7 — A 1 2 |
— éAFMVM)\ — §8M¢18M¢I — r_2¢1¢1.

*  gamma matrices ™, p32
*  Symplectic Majorana A =-BCA*, ¢e=BC¢”
*  Weyl: T"A=A,7Te=-¢

© 32supersymmetry 54— _Xje— t+épph,

N = +%HMNPFMNP€ -+ i8M¢IFMp[€ — 2Q1pJE,

5/—\ —%HMNPEFMNP + ’I:BM¢]€—FM,OI - 2gpl¢]'

* additional condition on Killing spinor:

Ve = ZZ—TI‘ME, MY € = e,

:F()E.

M2
|
|
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Killing spinors

*  The first 16 Killing spinors case: € = +Ie.

*  two classes depending on the isometry SU(3) of CP?

*  J=elae? + e3ae?

*  SU(3) singlet: 4 vy12e = y34€ =i €

i 3
€+ ~ € 2t+2y63-+a

*  SU(3) triplet: 12

—it—%y(ei}__a 62_+a 63——)3
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Dimensional Reduction to CP?

*  Remove the y-dependence in the Killing spinor by twisting

*  SU(3) singlet

_3p45 _3p45 . - :
€old = € 2 yenew, )\old =€ 2 yAnew, (¢4 = z¢5)old = e+32y(¢4 -+ z¢5)new-

P45€4+ = —7:€+. 8y — 6y + 3i Ry

*x  4=2+2 gnew is independent of y

* SU(3) triplet

P45 P45 . —a .
€old — €+ s yenewa )‘old — €+ s yAnew, (¢4 + z¢5)old = € zy(¢4 + z¢5)new-

*  12=6+6 €new is independent of y
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Z modding

*  keep invariantunder y ~ y+ 2 1/k

3mp4s 2 . 6mi .
(I) AM¥)ota~e * Ay + %)olda (g + 105)(Y)ota ~ € * (g +1i05)(y + %)olda
TP45 2 . 2 . 2
(ID) A(y)ota ~ €7 7% Ny + %)olda (s + 105)(Y)ora ~ € * (g +ip5)(y + %)old'

*  removes some KK modes, reduces the degrees of freedom.

x  dimensional reduction to R x CP?

*  expect instantons to represent KK modes.
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Dimensional Reduction to R x CP?

*  5d Lagrangian for fermions and scalar

*  4-supersymmetric case

1 13
—5Du¢rD ¢r =2 ) | 65— (65 + 65)
a=1,2,3
_ix kD A—lX YT +§X A
9 Y 0 ] Y mn A P45

*  covariant derivative
D, ¢ = 0,9a, (a=1,2,3)
D, (¢4 +i¢5) = (Op — 31V, ) (P4 + i¢h5)

*  complete supersymmetry

*  abelian gauge 1 S R
—ZFWF“ + 56'“ PO J A Foy
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4 SUSY YMCS on R x CP?

*  lagrangian

1 1 ‘
_ ZF“”FW i 5euupaan (ApaaAn — %APA(,A,,)

- %DM¢ID“¢I + 3[451, g]* — i€abcal Db, dc] — 205 — 133‘15?
i

_ i 1- 3-
SMDud = Apildn, Xl = 230 ™ M + Z)\p45)\], (s

2 8

*  supersymmetric Transformation

0A, = +idye = —iEy,,
001 = —Apr€ = €prA,
1 i | _
oA = +-Fu"e+iD,drpyte — (o1, dslpre + ieijpipje — 2¢1pre.

* Kkilling spinor

12 34€

e = ~4%e = —p*°€, 9e=0, D,e=0
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12 SUSY SYMCS Theory

*  Lagrangian

1 1 '
- ZF#VFI‘V + §€”VM"J,W (ApaaAn — %APAOA,,)

1 u 1 2 1 2 5 2
- §Du¢1D ¢r + Z[¢I’ bs)° + gfabc%[ﬁbba bc] — 205 — §¢i

1

) i - 1. 1 ,
MDA = prl61,X] = 2™ A — pr45A], (2.25

*  Supersymmetric Transformation
§A, = idye = —iey, ),
0 = —Apre = €pr,

5A = 4

. 1 .
2F,w'7‘“’e + 1D, prpryte — §[¢I, bslprie + €ijpipie — 2¢1pr€.

*  Killing Spinor

Ome #0, Dye =0
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Comments on 4 Susy Case

*  6d Hamiltonian D = conformal dimension
*  B5d Hamiltonian D= 6d D

*  5d harmonic analysis
* scalar mass 2 ...
* fermion mass 5/2 ...

* vector mass 3+....

* KK modes = instantons=mass k

* coupling constant, R=rad of S° ! — k

g%, v 4m2R

* quantization of CS: F=J case, k Ao
* anti-self dual instantons are fully BPS: F-*F =0

*  Myers’ term: Fuzzy 2 sphere vacua

_i[¢17 ¢2] T 2¢3 — 07 T
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5-d Chern-Simons term: Linander and Ohlsson

* 6d 2 form in terms of 5d 2 form and 1 form
*  Be=Bst AAdy
*  He=dBe =dBs + FAdy

¥  Hes=dBs-FAV + FA (dy +V)

dSZRxS5 — dSZRxCPZ + (dy+ \/)2

¥ dBs-FAV = *F on RxCP?
x  d(dBs5-FAV)= -2FAJ] =d *F

* d*F + 2FAJ=0
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Harmonic Analysis on S° & CP?

Pope,Hosomich at.al.,Kim&Kim

*  Scalar harmonics on R x S%  -0¢® =(-Ass +4)
(=Vis +4)Y5"2 = (£ + €y + 2)*Y2, —id, Y% = (4, — £,) Y%,
* highest weight vector of SU(3):  ¢,w, +fyw, degeneracy: (£1+1)(fa+1)(f;+£€y+2)/2
* 2- 1 .
On CP?: y-independent mode for ®123 : (= V2 + 4)Y5E — 4(0 + 1)2Y?,
*  conformal dimension: €=21+2  2({+1)%

¥ first KK mode: YOk YkO:eg=k+2, (k+1)(k+2)/2

* higher KK modes: ¢1- &2 = kn, n=1, -1,2, -2,...

*o@asl (VA 4V = (CD2 + 13) YRR = (14 5)2 Y4
*  Fermions: 5/2+....
Uy =YY", U =9"y"DnY" e, Uy=YYe , Uy=9""DnY"e,

*  Vector bosons: 4+...
AT - Yl,l, »A-}n - DmY” 3 »Afn - JmnDnYua Afn - 51;7m7nDnYl’l+3€+-
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Superconformal Index of 6d Theory on S x $°

*  choose Q & S to be one of four supercharges: SU(3) singlet

{Q,S} =€ —j1—Jo—Js+ 2R +2R; = A, Q—tt_

*  (2,0) superconformal index A=0

I(:L', yla y2, Q) — tr [(_1)F$E+R1y{1 _j2y§2_j3qj] , x:e_ﬂ, yl =e—i’71’ y2 =e—i'}'2 '

*  partition function of 5d SYM on S°: S-dual version: instanton action : 4112/

Lockhart,Vafa
H. Kim,S.Kim
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*  U(1) index: J. Bhattacharya, S. Bhattacharyya, S. Minwalla, S. Raju

— 1
Izexp Zﬁf(xn,y;n,qn) )

n=1

z + 22¢° — 22> (1/y1 + v1/y2 + y2) + 23¢°
(1 —zqy)(1 — zqya/y1) (1 — zq/y2)

f(z,y1,Y2,q9) =

*  U(N) index in g=0 limit= half index (16 susy): S. Bhattacharyya, S. Minwalla

A
I1/2_Bps = H T

m=1
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Path Integral

*  path integral
layq) = [ Dwe s,
S1xCP2

*  twisted boundary condition

B im,. . iw,.
8T_)8T+,8TR1+ ,37'(]1 ]2)+5T(J2 ]3)3

*  perturbative contribution: split to hyper and vector multiplets
* P12 € =-1 €, P12 Y=-1 Y, P12 X= IX

* hyper: @1+ @2, Q4-i@s, Y

* vector: Ay, X, @3
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*  hyper and vector contributions

dety,f - ‘ dety, ¢
detyp H sin (—2§) P [ZZ xnemag] | detyp =1

’ aEroot n=1 1,3

*  perturbative index

=N /H[da’]H [2sm( —_ )r X T1—1o0p-

1<J

I(z,y1, Y2)ks00 = N'/H[da']H[QSm( J)] exp !ZZ mnenza,J]

1<j n=1 1,3

(d.
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Supergravity

*  AdS7 x S4 1
ds* = R?(— cosh?® pdt* + dp? + sinh® pdQ?) + Zdeﬂi,

Fy ~ Neg, R/C, =2(nN)3,

)
' Yy=7,X =X + R

ds%zs = d¥* + sin® 9dx"? + cos® 9dsse.
* type IHA dS%l — 6—20’/3d8?0 + 640’/3(dy + A)2,
Fi = ' BEY +ePF3 A dy.
*  10-d metric
3
ds?y = o [(— cosh? pdt? + dp® + sinh® pds? p2) + %(dﬂz + cos® ﬂdsﬁz)l. (5.15)

2k

The curvature scale of the type IIA theory is of order /R3/2k ~ \/N/k which is large
when 't Hooft coupling A = N/k is large.

*  fiber radius

*  M-region: k < N3
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Conclusion

*  New 5d supersymmetric theories for M5 are found.

* UV finite?
*  Enhanced supersymmetry to 16 at k=2 and 32 at k=1
*  Fuzzy sphere vacua, D6 branes?

*  We are working on the full Index calculation including instantons.

Hee-Cheol Kim,Seok Kim, Sung-Soo Kim, KL
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