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Intro
Introduction

@ According to AdS/CFT, 6D (1,0) and (2,0) Superconformal field
theories may be the dual gauge theories of multiple M5-branes,
related to near-horizon AdS7 geometries. Maldacena 9711200;
Gubser-Klebanov-Polyakov 9802109; Witten 9802150

@ The gauge description of M2 branes, 3D A" =6, U(N) x U(N)
theory of ABJM, has been constructed successfully; And the dual
string/M- theories have been studied extensively. Aharony et al 0806.1218

@ The success of the ABJM theory encourages us to construct
nonabelion 6D (].,O) and (2,0) theories. Lambert-Papageorgakis, 1007.2982;
Henning-Sezgin-Wimmer 1108.4060 and 1212.5199; FMC 1312.4330; and many others. . .

Fa-Min Chen, BJTU 6D (1, 0) SCFT and 5D SYM



Intro

o However, it is difficult to construct an action for the (1,0) or (2,0)
theory due to the self-duality of the three-form field strength
Hyvp = 304,By ).

@ But it is possible to write down a set of equations and the law of
supersymmetry tansformations.

e Today we'll be talking about the construction of a 6D (1,0) theory,
and its relation with the 5D SYM theory. Fmc,1312.4330

@ People are trying to argue that the 6D (2,0) theory is equivalent to
the 5D maximally SYM theory quantum mechanically.
Douglas,1012.2880; Hull-Lambert, 1403.4532; and others.
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F(r,0)

Free (r,0) (r=1,2)

@ Our (1,0) theory will be the theory of mini (1,0) tensor multiplet
coupling hypermultiplet.

o Also, the 6D free (2,0) theory = the mini (1,0) tensor multiplet +
hypermultiplet. Here

mini(l,O) = (¢»B,uu7w+)v (21)
hyper = (X',4_), (i=6,...,9)

where 1 are 32-component Majorana spinors, satisfying

r0123451/J:|: = —¢i (anti—chirality) (23)
Me7s0t)+ = +Yi (2.4)
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e Can see

mini(1,0) + hyper
= (Xla B;Lua 'l/))
(2,0) (2.5)

where 1) =1, +1_, and X! = (X', ¢) (/ =6,...,10). The
R-symmetry is SO(5).
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@ By linearizing the world-volume theory of an Mb5-brane, one obtains
the free (2,0) theory

ox! = ey,
11
0 = T, X 4 o5 uneH™
Hyp = 3ieT, 0,0, (2.6)

where Tg12345¢ = +€ (chirality condition = 16 real components =
(2,0) theory), and

Mo, = 09, X' = o. (2.7)

The SUSY algebra is closed on-shell.
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@ Our free (1, 0) theory:

mini(1,0) + hyper
= (Xiv ¢v B,ul/; ¢+a VI/J*)
= Our(1,0) (2.8)

The free (2,0) is a special case of our (1,0).
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NM(1,0)

Nonabelian Mini (1,0)

@ To describe interacting multi-M5-branes, we must construct
nonabelian (1,0) theories. Let's first try to construct a nonabelian
Mini (1,0) theory.

@ The nonabelian mini (1,0) tensor multiplets in 6D are given by

(¢>m7 H;wpm»'(/)m+)a (3.1)

where m is an adjoint index of the Lie algebra of gauge symmetry.
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NM(1,0)

o We postulate the law of supersymmetry transformations as follows,

0om = —Ii€4YPmy,
11 )
6’(/)m+ = rl"€+DM¢m + ﬁiruy,\€+H’¢ )\’
5A;T = i€+|_u,ﬂl)$cy + I.C1€+’l/)$ CH’
sCv = o,
6H;me = 3i€+r[upr]1/}m+ + I'd1€+rw,pg ngn+¢pf”pm(3_2)

@ C* is an abelian auxiliary field with scaling dimension —1.
@ ¢; and d; are constants, to be determined.

o

r012345€+ = —|—€+ (chlrahty) (33)
lorgoe+ = et (3.4)

€+ has only 8 real independent components. So we have only 8
SUSY generators (6D (1,0) theory).
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NM(1,0)

Checking Closure For instance, let's look at the fermionic fields,

[61752]¢m+ - VVDV/mer + [A,I/J+]m (35)
3 R
Jrg(l —a + dl)v“”ﬂ’frwpl'i Cothntdpf™ m

1 1
_*VUDV'(/Jm+ + §(7C1 - 5dl - 3)‘/” Cuwn+¢pfnpm

4
VT D iy — 2 (e + o+ 30T CHlohy 6y P,
where
vl = =2ig THeqy,
A" = (a—1)v'GCom,
vl = (e T ), (3.6)
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NM(1,0)

@ The last THREE lines of (3.5) must vanish; This can be achieved
by setting

1—c +dy, (3'7)
r”Dlﬂ/Jer — (di +2)r* Cﬂwn+¢pfnpm. (3.8)

The 1st equation determines the relation between ¢; and di; The
second equation will be the EOM of fermions once d; is fixed.

@ At the end of the day, we have
[617 62]1/1m+ = VVDVmer + [/\7 '(/)+]m + EOM> (39)

which is the desired result.
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NM(1,0)

@ We can do the same thing on the other fields.
@ Final, we find that if

= 0 and d1 = —1, (310)

the Poincare superalgebra (3.2) will be closed on-shell; the EOMs are

.
0 = D2¢p7 §(¢m+ru¢n+)cyfmnp7
= FL - HLC

= rHD;/L/)m+ - Cuwn+¢pf"pm

1

0 = DpHupelp + 85qu/\oT(7Zm+rT¢n+)C)‘fmnp
1 T A rmn
+ZE}LVP>\O'T¢H7D ¢nC f p
0 = CUDU¢m = CUDa@/}er = CUDUH;wpm = auCV. (3.11)
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Coupling to Hypermultiplets

o Now we need to couple the nonabelian mini (1,0) tensor multiplets

(¢m7 Huupmvwm-&-)a (4'1)

to the (1,0) hypermultiplets:
(X ), (4.2)

where m is an adjoint index of the Lie algebra of gauge symmetry.

Fa-Min Chen, BJTU 6D (1, 0) SCFT and 5D SYM



We assume that the law of SUSY for the (1,0) theory are

0bm = —iEVmy,
6XI = e Ty,
Ym— = THFTey D X0+ al\Tey CrXippf™
11 i iyjgn
Spmy = F“e+Dﬂ¢m+air,w,\arHﬁq”’\+br>\rie+C’\Xanf,f Py
SAT = Qe T,TCY,
5CY = 0,
Hyuwom = 3iETDoyoms — €T pipo COns bpf ™ m
HidE L T'T i po thn— C7 X FP" m, (4.3)

where a, b, and d are constants, to be determined later.
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Using the same method, we find that if

a=1 and d=2b, (4.4)

the Poincare superalgebra (4.3) will be closed on-shell; the EOMs are

0

0

D>X) + i(Ymy Tl ) CV ™y — CHpmXadg + 26X, X  XD)F™ %9,

| (C P

=2b(fm- Ty )| CV ™" = 26C X Xgf ™o F ),

Fi —Hu,oC?s

M Dythm— + THCutpn—dpf ™ i + THT Cuthn X f ™

T4 Dy tpmy — T Cutbny dpf ™ + 2bTHT Cpp X F ™y, (4.5)

i " n mn
DyHyporp + gguupAaT[(¢m+ [ 4ng) + 2b(Pm-TT1p,_)]CH P

+%€#Vp,\g.r(quDT(b,, +2bX} DTX)CA ™,
CUDJ¢m = CUDUX,I;q = CUDH/Jmf = CUDme+
C°DyHyuppm = 0,,C".

b still survives.
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@ b is a free continuous parameter; it indicates that the theories of
tensor multiplets and hypermultiplets are separately
supersymmetric. (See also Henning-Sezgin-Wimmer 1212.5199.)

e However, if b=1/2, the N = (1,0) supersymmetry will be
enhanced to (2,0) (1312.4330, FMC.), which is equivalent to the (2,0)
LP theory, constructed in terms of 3-algebras (Lambert-Papageorgakis,
1007.2082).
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@ The gauge field is non-dynamical. (The gauge field of the (1,0)
theory of Henning-Sezgin-Wimmer is dynamical.) Recall that the
gauge field of ABJM is also non-dynamicall!

@ The theory is invariant under scale transformation. We expect that
the classical scale invariance (plus super-poincare invariance)
implies superconformal invariance. It would be interesting to
examine the supereconformal invariance explicitly.
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Relating to 5D SYM

o Adopting the method in Lambert-Papageorgakis, 1007.2982, we choose the
space-like vector vev

(c*) = g(0,...,0,1) = gdL", (5.1)

@ The equations of motion of gauge fields (the 3rd equation of (4.5))
now become

Fozﬁm = gHaﬁBma (52)

where we have decomposed p into i = («,5), with « =0,1,...,4.
@ On the other hand, since Fsgm = gHsgsm = 0, we have

F5[5 = 35A[3 - 8[3/45 + [As,Ag] =0. (5.3)
So locally, we may set the flat connection

As = 0. (5.4)
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5DSYM

The rest equations in (4.5) can be reduced to those of 5D SYM theory
with 8 supersymmetries:

0

D*Da X} + ig(Ymi TsT thn-)f™

—&%(dmXjbq + 2bXEXIXIVF™ %9 ,,

D*Daty — 8l(Pm+Tstns)

—2b(hm-Tstbp )™, — 2bg> Xi b XiF ™ £,

[ Datom— + 8M%n—pf P m + T s XJF P,

[ Dotomy — 82Ut Gpf ™ m + 2bgT T hy X Py,
8D1aHpy5p = DiaFayp (5.5)
D Fusp — 58°((Bm+ Tsns) + 26(Fm-T 3000 )1F™
—g%(pmDpdn + 2bXE D XY™ .

Osdm = 05Xy, = O5¥m— = OsVmy = OsHpuwpm = O58.
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5DSYM

@ The EOM of H,,,m are converted into:
@ (1) the equations of motion of Yang-Mills fields in 5D;
@ (2) the Bianchi identity for the field strength Fg- in 5D.
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5DSYM

@ The supersymmetry transformations (4.3) become

0Pm
oX!
0Ym—
5'¢m+
OAY

7i€+¢m+7

I’E+rl¢m_,

FTe, Do X/ + gTsT e Xippf ™ ) (5.6)
« 1 e if ivjgn

M€, Dom + gra5r5e+FmB + bglsM e, X X F™ oy,

igesTalsyT.

@ The coupling constant of the SYM theory is given by

g = gym- (5.7)

@ These are the law of SUSY of the 5D SYM theory of 8
supersymmetries.

@ Eqgns (5.5) and (5.6) are the main results of the 5D SYM theory of 8
supersymmetries: (1) They can be simplified by using new notations;
(2) It is possible to construct a Lagrangian.
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Discussions
Discussions

@ It would be interesting to construct the gravity duals of these 6D
(1,0) SCFT and 5D SYM.

@ Is it possible that the 6D (1,0) SCFT and the 5D SYM of 8 SUSYs
are the same thing quantum mechanically?

o Wilson loops? Integrability? (For 5D SYM of 8 or 16 SUSYs.)

o 5D SYM of 8 SUSYs = 4D A = 2 SYM? or 6D (1,0) SCFT = 4D
N =2 SYM?

@ Other possible 6D (1,0) or (2,0) theories? Can our theories be
derived in F-theory?Heckman-Morrison-Vafa, 1312.5746
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Many Thanks !
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