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Motivation: non-Abelian self-dual tensors in 6d

v

Massless reps of 6d Poincaré group include self-dual tensors (a.k.a. chiral 2-forms)

H3 = de s *H3 = H3

v

Crucial role in 6d theories with (2,0) supersymmetry (16 supercharges)
> the only matter multiplets are tensor multiplets
(self-dual tensor, 5 scalars, chiral fermion)

v

String/M-theory predicts the existence of 6d theories with

> (2,0) superconformal symmetry
> non-Abelian gauge group

v

Rigid limit of [Witten 95,96]
> Type IIB on singular geometries
> worldvolume theory of a stack of M5 branes

v

No 6d Lagrangian formulation is known

» Our approach: Kaluza-Klein inspired 5d Lagrangians
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Introduction

The advantages of KK approach

» Obstacles to a 6d effective action for (2,0) non-Abelian theories:

1. self-duality is hard to get from Lorentz covariant action
— auxiliary fields [Pasti, Sorokin, Tonin 96]

2. no vectors in the spectrum of the theory
— non-Abelian gerbes?

3. no tunable parameter
— is perturbation theory possible?
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The advantages of KK approach

» Obstacles to a 6d effective action for (2,0) non-Abelian theories:

1. self-duality is hard to get from Lorentz covariant action
— auxiliary fields [Pasti, Sorokin, Tonin 96]

2. no vectors in the spectrum of the theory
— non-Abelian gerbes?

3. no tunable parameter
— is perturbation theory possible?

» Compactify one spacial direction on a circle and keep all KK modes

6d self-dual tensor

S compactification 5d massless vector
—_— .
KK tower of massive 5d tensors

» 6d difficulties can be circumvented:
1. no self-duality in 5d
— standard Lorentz covariant actions
2. the zero mode sector contains 5d vectors
— possibility to construct gauge theories
3. circle radius r
—» tunable coupling constant g2 = r
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5d tensor towers and 6d self-dual tensors

Proposal

Use 5d non-Abelian actions with massive tensor towers to extract information about
non-Abelian (2,0) theories
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Introduction

5d tensor towers and 6d self-dual tensors

Proposal

Use 5d non-Abelian actions with massive tensor towers to extract information about
non-Abelian (2,0) theories

Advantages:
» avoid 6d complications about self-dual tensors
> make contact with supersymmetry/supergravity literature in 5d

Drawbacks:
> some 6d symmetries are no longer manifest
> lift to 6d is not guaranteed a priori

Abelian (2,0) theory non-Abelian (2,0) theory
lsl compactification T?

o g deformation o a
5d Abelian massive tomer —————— 5d non-Abelian massive tower

Robust quantities (anomalies, large N scaling, ...) should be accessible
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Superconformal action

A 5d superconformal action
for non-Abelian tensor towers
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Warm-up: 5d action for one self-dual tensor on a circle

» Compactify one direction on a circle: 8% = (x*,y), 2 =0,...,5, u=0,...,4
. guv + PASAY A - iny (Bruw = 2A0uAY Any
Ao = —rPA r v TR Ze —A, 0
v nez v

> 5d gravity gy, is decoupled but r,Ag are kept as 5d background fields

Dy =0, + inAi U(1)kk covariant derivative on nth KK level
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Warm-up: 5d action for one self-dual tensor on a circle

» Compactify one direction on a circle: 8% = (x*,y), 2 =0,...,5, u=0,...,4
. L+ rPACAY —PAC A iny {(Bapw —2A A% A
5 = (gu fr2A°H 2 m) ., B = Ze y [ Bnu A (7] 8#
v nez v

5d gravity g, is decoupled but r,Ag are kept as 5d background fields

v

Dy =0, + inAi U(1)kk covariant derivative on nth KK level

6d dynamics of A:

v

5d dynamics of B,, A, coupled to r, A°:

v

55d:/—%filF/\*F—%AO/\F/\F‘i‘Z(L,;F_n/\’DFn_rillEn/\*Fn)

n=1

where F, = DA, + inB,, F = Fy
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Warm-up: 5d action for one self-dual tensor on a circle

» Compactify one direction on a circle: 8% = (x*,y), 2 =0,...,5, u=0,...,4
. L+ rPACAY —PAC A iny {(Bapw —2A A% A
5 = (gu fr2A°H 2 m) ., B = Ze y [ Bnu A (7] 8#
v nez v

» b5d gravity g, is decoupled but r,Ag are kept as 5d background fields

Dy =0, + inAi U(1)kk covariant derivative on nth KK level

» 6d dynamics of A:

» 5d dynamics of B,, A, coupled to r, A°:

55d:/—%filF/\*F—%AO/\F/\F‘i‘Z(L,;F_n/\’DFn_rillEn/\*Fn)
n=1
where F, = DA, + inB,, F = Fy

» Stiickelberg mechanism: B, ‘eats’ A, and yields a tensor with mass m, = nr—*
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Proposal for non-Abelian gauging of tensors

» 5d approach — undemocratic treatment of zero modes and excited modes

> 6d Lorentz symmetry is obscured but we can formulate [Ho, Huang, Matsuo 11]

Proposal

zero mode A —  gauge connection A'  — A = da! + fi'AlaK
excited modes F, — adjoint matter F!  —  §F! = fi' FlaX

| = adjoint index of non-Abelian group G with structure constants fi’
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zero mode A —  gauge connection A'  — A = da! + fi'AlaK
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Superconformal action

Proposal for non-Abelian gauging of tensors

» 5d approach — undemocratic treatment of zero modes and excited modes

> 6d Lorentz symmetry is obscured but we can formulate [Ho, Huang, Matsuo 11]

Proposal

zero mode A —  gauge connection A'  — A = da! + fi'AlaK
excited modes F, — adjoint matter F!  —  §F! = fi' FlaX

| = adjoint index of non-Abelian group G with structure constants fi’

» Non-Abelian field strength for zero modes:
Fl., = 20,,Al + fi' ALAS
» Full KK and gauge covariant derivative for adjoint matter X! at level n > 0:
DXy = Xy + inAS Xy + ' ALXK

» Possible interpretation: residual local symmetry after gauge-fixing of the 5d
reduction of the non-Abelian generalization of 6B = dA
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Superconformal action

5d N = 2 superconformal theory: spectrum

» From 6d we expect 16 supercharges — 5d N = 4
» No known non-Abelian gauging of tensors in 5d N = 4 [Schoen, Weidner 06]
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5d N = 2 superconformal theory: spectrum

\{

From 6d we expect 16 supercharges — 5d N = 4
» No known non-Abelian gauging of tensors in 5d N = 4 [Schoen, Weidner 06]

» We use 5d N = 2 superconformal formalism [Bergshoeff et al. 02]
» We include all dof’s of N = 4 multiplets in terms of N' = 2 multiplets
_ B 5d V' =2 VM
n=0: 5dN =4VM {5dN:2H|\/|
6d (20) T™ 5d N =2TM
n>0: 5dN =4TM {5dN:2HM
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5d N = 2 superconformal theory: spectrum

\{

From 6d we expect 16 supercharges — 5d N = 4
» No known non-Abelian gauging of tensors in 5d N = 4 [Schoen, Weidner 06]

» We use 5d N = 2 superconformal formalism [Bergshoeff et al. 02]
» We include all dof’s of N = 4 multiplets in terms of N' = 2 multiplets
_ B 5d V' =2 VM
n=0: 5dN =4VM {5dNZ2HM
6d (20) T™ 5d N =2TM
n>0: 5dN =4TM {SdN:2HM

N = 2 vector multiplets A, ¢, X, Y/ n=0
N = 2 tensor multiplets  F!, ¢! xL, Yl n>0
N = 2 hypermultiplets 4qt, ¢! n>0

> r and A° are packed into an additional

N = 2 vector multiplet  A°, ° =r71, X% Y% p=0
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Superconformal action

5d N = 2 superconformal theory: Lagrangian

= ¢@ Cons (_%F‘/A,\VFZ w %DuqﬁAD”(ﬁz + Y;}, Y= ab) _ %CIJ,DManb,Duq 7

1 A M N 1 A 0 =J K
+ 2 TQUNFM DAFN, — L0 G AL R FE,

16
- %QZ’K Crmn ¢’¢J¢P¢Q
+ CZJ( qzac Tb. Ya _% ¢I¢Jq)Cab c ) L Ftens

» Real notation for complex multiplets (n > 0): U(1)kx = SO(2)kk
XM= X" =(ReX,,ImX.), «=S0(2)kk index, M = {lan}

» Collective indices | = 0,1y, AN=(0,1,M), Z=(I,M)

> All couplings are specified in terms of
Ciazo) » Qg » Czo

» Full covariant derivative D, X* = 9, X* + AZLXA

11 /25
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Superconformal action

5d N = 2 superconformal theory: specifying the couplings

> All tensors
Ciaze) » Qum > tin~ > Czo)
are given in terms of

1. group invariants fi', dy = tr(tity)
2. KK levels n >0
3. SO(2)KK invariants 6045, €ap

» Vector, tensor, hypermultiplets are gauged democratically

» Hypermultiplets: flat geometry
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Superconformal action

5d N = 2 superconformal theory: specifying the couplings

> All tensors
Ciaze) » Qum > tin~ > Czo)
are given in terms of

1. group invariants fi', dy = tr(tity)
2. KK levels n >0
3. SO(2)KK invariants 6045, €ap

» Vector, tensor, hypermultiplets are gauged democratically

» Hypermultiplets: flat geometry

Cou=dy, Comn=dudasdnm, Cunk=n""fukeasdnm
Qun = —2n""dijeasdnm
ti) =i’ tkm" = fal0500m ,  tom" = ndiear8"Pnm
Cy=dy, Cun=dubapdnm

where M = {lan}, N = {JBm}
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Superconformal action

Gauge-fixing of superconformal symmetry

» Invariance under the full 5d N = 2 superconformal algebra

> Weyl weights are compatible with 6d conformal symmetry, in particular

6d line element: —2 = radius r: —1 <  additional scalar ¢°: 1
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» Invariance under the full 5d N = 2 superconformal algebra
> Weyl weights are compatible with 6d conformal symmetry, in particular

6d line element: —2 = radius r: —1 <  additional scalar ¢°: 1

> (AO, #°, %, Yoab) can be seen as compensator multiplet to restore conformal
invariance broken by compactification on a circle of fixed radius
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Gauge-fixing of superconformal symmetry

» Invariance under the full 5d N = 2 superconformal algebra

> Weyl weights are compatible with 6d conformal symmetry, in particular
6d line element: —2 = radius r: —1 <  additional scalar ¢°: 1
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invariance broken by compactification on a circle of fixed radius
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Superconformal action

Gauge-fixing of superconformal symmetry

» Invariance under the full 5d N = 2 superconformal algebra

> Weyl weights are compatible with 6d conformal symmetry, in particular
6d line element: —2 = radius r: —1 <  additional scalar ¢°: 1
> (AO, #°, %, Yoab) can be seen as compensator multiplet to restore conformal
invariance broken by compactification on a circle of fixed radius
> Gauge-fixing to Poincaré superalgebra:
A, =0, ¢ =r'=g?constant, x¥ =0, Y%t —o
» Couplings to ¢° generate

1. YM coupling constant
2. mass terms for excited modes
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Superconformal action

Two special cases

In two special cases
» N =2 is automatically enhanced to N = 4
> the 6d interpretation of the 5d Lagrangian is straightforward
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Superconformal action

Two special cases

In two special cases
» N =2 is automatically enhanced to N = 4
> the 6d interpretation of the 5d Lagrangian is straightforward

1. Zero mode sector

gauge-fix to Poincaré susy
neglect all excited modes
integrate out Y

N =4
super YM

6d interpretation: non-Abelian (2, 0) theory on a circle at low energies £ < r™!
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Superconformal action

Two special cases

In two special cases
» N =2 is automatically enhanced to N = 4
> the 6d interpretation of the 5d Lagrangian is straightforward

1. Zero mode sector
gauge-fix to Poincaré susy N =4
neglect all excited modes — N
. Iab super YM
integrate out Y
6d interpretation: non-Abelian (2, 0) theory on a circle at low energies £ < r™!

2. Abelian gauge group

gauge-fix to Poincaré susy
| N=4
set fix' =0 ey

. Abelian tensor tower
integrate out Y?®, n >0

6d interpretation: Abelian (2,0) theory on a circle of arbitrary r
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One-loop effect: anomalies

One-loop effect:
anomalies
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One-loop effect: anomalies

One-loop effect: parity anomalies

» No chirality in 5d — no gravitational, gauge or mixed anomalies
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One-loop effect: parity anomalies

» No chirality in 5d — no gravitational, gauge or mixed anomalies
5d parity anomalies

One-loop CS terms for vectors coupled to massive fermion or tensor
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One-loop effect: anomalies

One-loop effect: parity anomalies

» No chirality in 5d — no gravitational, gauge or mixed anomalies
5d parity anomalies

One-loop CS terms for vectors coupled to massive fermion or tensor

[Witten 96, Intriligator, Morrison, Seiberg 97]

— g -sgn(m)- €TV, 0,V, 0, V,
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One-loop effect: anomalies

One-loop effect: parity anomalies

» No chirality in 5d — no gravitational, gauge or mixed anomalies
5d parity anomalies

One-loop CS terms for vectors coupled to massive fermion or tensor

[Witten 96, Intriligator, Morrison, Seiberg 97]

— g -sgn(m)- €TV, 0,V, 0, V,

> Parity anomalies depend only on sgn(m): no suppression for m — co

> KK setup: parity anomalies in Wilsonian effective actions for zero modes by
integrating out excited modes
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One-loop effect: anomalies

5d parity anomalies and 6d gravitational anomalies

» Example: massive Abelian towers coupled to background U(1) field Ag
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One-loop effect: anomalies

5d parity anomalies and 6d gravitational anomalies

» Example: massive Abelian towers coupled to background U(1) field Ag
» Connection to 6d gravitational anomalies

~ ~ 0
.(]/)y 41_1 !]uy A#
A y X A X,
gl/.'t/ ny A9

X = spin-1/2, spin-3/2, tensors
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One-loop effect: anomalies

5d parity anomalies and 6d gravitational anomalies

» Example: massive Abelian towers coupled to background U(1) field Ag
» Connection to 6d gravitational anomalies

o 7—1 Gy A
A y X A X,
g vy g vy AO

X = spin-1/2, spin-3/2, tensors
» Results of 1-loop computation

massive spin-1/2 Kilo0p o< N° - sgn(m)
K1-100p A° A dA° A dA° massive spin-3/2 Ki-toop X 5 - n. sgn(m)
massive tensor Ki-toop X —4 - n - sgn(m)
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One-loop effect: anomalies

5d parity anomalies and 6d gravitational anomalies

» Example: massive Abelian towers coupled to background U(1) field Ag

» Connection to 6d gravitational anomalies

o 7—1 Gy A
A y X A X,
g vy g vy AO

X = spin-1/2, spin-3/2, tensors

» Results of 1-loop computation

massive spin-1/2 Kilo0p o< N° - sgn(m)
K1-100p A° A dA° A dA° massive spin-3/2 Ki-toop X 5 - n. sgn(m)
massive tensor Ki-toop X —4 - n - sgn(m)

> Tested against F-theory (1,0) effective actions [FB, Grimm 11]
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One-loop effect: anomalies

Further developments: conformal anomaly of M5 branes

» Can we access 6d conformal anomaly of M5 branes via 5d parity anomalies?
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Further developments: conformal anomaly of M5 branes

» Can we access 6d conformal anomaly of M5 branes via 5d parity anomalies?

> 16 supercharges — stress-energy tensor and R-symmetry current belong to the
same supermultiplet
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One-loop effect: anomalies

Further developments: conformal anomaly of M5 branes

» Can we access 6d conformal anomaly of M5 branes via 5d parity anomalies?

> 16 supercharges — stress-energy tensor and R-symmetry current belong to the
same supermultiplet

» Consider (2,0) theories coupled to background R-symmetry gauge field
[Harvey, Minasian, Moore 98, Intriligator 00]
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Further developments: conformal anomaly of M5 branes

» Can we access 6d conformal anomaly of M5 branes via 5d parity anomalies?

> 16 supercharges — stress-energy tensor and R-symmetry current belong to the
same supermultiplet

» Consider (2,0) theories coupled to background R-symmetry gauge field
[Harvey, Minasian, Moore 98, Intriligator 00]

Strategy

Compute 5d parity anomalies in a theory of non-Abelian tensor towers coupled to
background R-symmetry gauge field
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One-loop effect: anomalies

Further developments: conformal anomaly of M5 branes

» Can we access 6d conformal anomaly of M5 branes via 5d parity anomalies?

> 16 supercharges — stress-energy tensor and R-symmetry current belong to the
same supermultiplet

» Consider (2,0) theories coupled to background R-symmetry gauge field
[Harvey, Minasian, Moore 98, Intriligator 00]

Strategy

Compute 5d parity anomalies in a theory of non-Abelian tensor towers coupled to
background R-symmetry gauge field

> Preliminary test: large N-scaling is not spoiled by 5d approach
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Conclusions

Conclusions

> Proposal: study 5d theories with massive tensor towers to extract information
about 6d theories of self-dual tensors
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Conclusions

Conclusions

> Proposal: study 5d theories with massive tensor towers to extract information
about 6d theories of self-dual tensors

» Main result: 5d N = 2 superconformal theory of tensor towers with

v

full spectrum expected from (2,0) multiplets on a circle
non-Abelian gauging of tensors

manifest susy under 8 supercharges

all couplings constructed from group invariants and KK levels
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Conclusions

> Proposal: study 5d theories with massive tensor towers to extract information
about 6d theories of self-dual tensors

» Main result: 5d N = 2 superconformal theory of tensor towers with

» full spectrum expected from (2,0) multiplets on a circle

> non-Abelian gauging of tensors

> manifest susy under 8 supercharges

> all couplings constructed from group invariants and KK levels

> In the two special cases
1. massless sector
2. Abelian gauging
supersymmetry is enhanced to 16 supercharges and the connection to 6d (2,0)
theories is straightforward
» 6d anomalies can be probed using 5d parity anomalies for background gauge fields
> gravitational anomalies — KK vector Ag

. ? .
» conformal anomalies — R-symmetry gauge field
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Further developments: conformal anomaly of M5 branes

» Can we access 6d conformal anomaly of M5 branes via 5d parity anomalies?

» 16 supercharges — stress-energy tensor and R-symmetry current belong to the
same supermultiplet

» Consider (2,0) theories coupled to background R-symmetry gauge field

» 6d anomalies can be matched between the unbroken phase with gauge group
SU(N) and the broken phase with gauge group SU(N — 1) x U(1) where one M5
brane is moved away from the stack [Intriligator 00]

Strategy

Compute 5d parity anomalies in a theory of non-Abelian tensor towers coupled to
background R-symmetry gauge field

» All kinds of massive fields contribute:
» excited KK modes of fermions and tensors
> fields that get massive by gauge symmetry breaking

» Preliminary test: large N-scaling should be accessible
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Further development: R-symmetry enhancement

» To write down our superconformal action the N' = 4 R-symmetry group is broken
USp(4)R — 5U(2)R X 5U(2)H
> Inequivalent splits are parameterized by the coset

USp(4)r ~ S0(5)
SU(2)r x SU(2)y — SO(4)

R

54

» For each split, the full N’ = 2 spectrum can be rearranged into A/ = 4 multiplets

Strategy
Restore full USp(4)r R-symmetry by integrating over all possible inequivalent splits

» Techniques inspired from harmonic superspace:
1. parametrize S* with additional bosonic coordinates u
2. re-write the N' = 2 Lagrangian in terms of N = 4 multiplets and
u-coordinates
3. integrate over u-coordinates

» The correct result is reproduced in the two special cases of zero modes and
Abelian gauging
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Full Lagrangian
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Supersymmetry transformations
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