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Plan of the talk:

Motivation: dual fields, branes and exotic branes

Review: dualization of p-forms and (linearized) gravity

Exotic dualization: Kalb-Ramond 2-form to (D —2, 2) Young tableaux

Dualization of (linearized) DFT

Dual fields in EFT

Conclusions and Outlook



Motivation: dual fields, branes and exotic branes

p-form gauge potential A, dual to (D — p — 2)-form Ap_,,_»

Fpy1 = dAy — Fp_, 1 = xF,y1 = dAp 5

Dualization essential for brane word-volume theories
E.g. Kalb-Ramond 2-form B, — Bg

NS5 brane: SNS5 =J Bg
26

Under T-duality O(d, d) B, < metric
O(d, d) in DFT manifest (B> and g unified) — dual graviton

dual graviton needed for world-volume dynamics of Kaluza-Klein monopole
[Eyras, Janssen, Lozano (1998)]
Generally, various mixed-Young tableaux fields expected by dualities

= exotic branes [Bergshoeff, Riccioni et al. (2010-), de Boer & Shigemori (2012)]
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Reminder: off-shell dualization of p-forms

Action for p-form gauge field, F, 1 = d Ay,

1 D aq...a
SlAl = _2(p+1)!fd T Fay..apq 0P

equivalent to first-order (master) action

~ 1 D 1 aq...a 1A1...4
S[A, F] = mjd m(_iFa’l”'ap—l—lF 1 p+1 — A% p+25a1Fa2...ap+2>

with gauge symmetry
5Aa1...ap+2 _ aa/\aal...ap+2 : SF = 0

e EOMfor A = Bianchi = F, ;1 =dA4,

e EOMfor F = [0+l = g fb01--0p+1
— integrating out F' yields dual theory for A
(note: no Levi-Civita symbol — multivector rather than form)



Dualization of linearized Einstein gravity

Linearized Einstein-Hiloert action for vieloein fluctuation A,

SEH [h] = Jde [fabbfacc — %fabcfad) — %fabcfabc]

linearized coefficients of anholonomy f,;,¢ = 25[ahb]lc

First-order (master) action [West (2001), Boulanger, Cnockaert & Henneaux (2003)]
S[f, D] — deZC (fabbfacc - %fabcfad) - %fabcfabc + 3Dabcd abebcal)
 EOM for D¢, = Bianchi ¢, f,,* = 0 = linearized gravity

o EOM for f,,° determines  fu° = 60gD%, 1 + -+
yields dual theory for

2 _ 1 cde
Dal...aD_3\b = &€j..ap zcde Db € X

mixed Young tableau (D — 3, 1) field: dual graviton

Dyq,...ap_4|p] PUre Lorentz gauge, but needed in master action



Exotic Dualization: 2-form to (D — 2, 2) Young tableau field

First, rewrite Kalb-Ramond action  [Boulanger et al. (2012-)]

S[b] = -3 f dPz H*Hyp = —% f dPz (0%°¢ Oabpe — 2 0ab™ 0°byy)
First-order (master) action — promote @ ;. = daby. to be independent

SIQ.D = [ aPa( = Q1Qupe+ 3 Qu QL — § D0 uQy )

where Qa!bc - _Qa\cb’ Dab\cd - _Dba\cd - _Dab\dc
Gauge symmetries
5Qa\bc — aaKbc ) Kab = Qa[agb] )
5Dab|cd - aezeab\cal +4 n[a[gKb]c_i]

where = 1qe = Z(abellde = Zabe|[de]» Ea Kalb-Ramond parameter
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Decomposing dual field (D = 4 for simplicity)

1
Dypled = 5€ab™ Bef.ed + Aa[cChlla] — 2Me[a]aC

where B € and C,;, € S

Gauge transformations | X ;.. = eabcdieﬂd, > ablc = Aab,ct€abed 4]

5Bab,cd - 6[a>‘\cd\,b] + a[cA]ab\,d]

6Ca|b = 2&[agb] — &bfa + %EaCdeacAde)b
Duality relations gauge invariant
Qbjed = 31979 Tefged + 20 Chia)  Tabede = 30[aBue] de
Integrability condition: act with ¢*%70q, using 0, Qpjjeq = O
0 = —0al ™ (q+2e™0,0[ Clya) < R™ ape = 30,7 g = O

= B consistently propagates single d.o.f., no action for (2, 2) alone7



Exotic Dual Action for (2, 2) Field

Decomposing into symmetric and antisymmetric part, Ca‘ b= Sap + Agp»

L — |—abc de T abcd rbcd,ef haef 1 abcd Mo f

abe,d e+12€ 6 € Yae, f

— sabGab(s) — %h“bchabc

where G, is ‘Einstein tensor’ for s, and

Yab,e = %(aasbc + OpSac — OcSab) habe = 3a[aabc]
= wrong-sign Einstein-Hilbert and Kalb-Ramond terms!
(linearized diff and KR gauge invariant with parameters &, and &,)

However, off-diagonal action with enlarged gauge invariance
= no contradiction with equivalence to single 2-form



(Linearized) Double Field Theory

Frame formulation of DFT

ab
O
Hun = Ev EnP Sup, SAB = (770 0 b)
a

where A local Lorentz index for O(D — 1,1) x O(D — 1,1)
Linearized action for £4M = E4M 4+ h 4B EgM
SoFT = J 2P X =2 (SAB]-"AJ-"B + éﬁABCFABC)
with ‘coefficients of anholonomy’
Fapc = 30ahpoy  Fa = 0°hpa+204d

Bianchi identities
OaFpep) = O
0“Foap+204Fp = O
0AF, = 0



Master Action & Duality Relations for DFT

Master action introducing Lagrange multiplier for Bianchi identities
— 1 _
S = f dX e 24 [SAB]-“A}‘B + EFABCFABC

+ DABCD 0, Fpop + DAB (0 Foap +204Fp) + D &AJ-"A]
Varying w.r.t. 7 — duality relations
FABC _ 3 (ep pDABC __ 5[A DBC’])
2548 Fp — 205DB4 + 04D

Breaking O(D, D) > GL(D) and O(D — 1,1)? to diagonal subgroup
A = (a)a)

abcd abc b
Dapcp — D D% D.q D%cq Daped

encodes conventional duals to metric, 2-form, dilaton, exotic duals, etc.,

but extra fields D 45 and D needed for master/dual action o



Dual Diffeomorphisms and Dual Action for DFT

Choose basis where A = (a,a), DFTfields: h_; hy hzp d
dual DFT fields: Dabcd Dabccf DC_LBECT DaE Dab DC—LB D
Dual diffeomorphisms

52Da5 = 8a25 — 852a + &CZ a,b + 50261) a
65D = 0,5% + 075
05 Daped = 20[a>(ad) ] ~ 2 %[e >|ab.d]
Dual DFT Action

1 bed,a ~e _bed, 1 da,bc
L= _§aJD ‘ aaeDbEé,a,_adD ‘ aaeDea,bE a D C&GDeabc

+ three more lines

b,cd _ (2) _
— D" Ry, Ed(D) — Lprr(Dyg, D)

where Rab 7 =4 a[ Oz ] linear DFT Riemann tensor Ny



Dual Fields in Eg(g) Exceptional Field Theory

Eg(g) vieloein VM, coordinates Y, M = 1,...,248, subject to

P1424s13875) 1y~ Pun" Ok ®dp = 0

Pyt = (

Naive generalized Lie derivative
LAV = ARogvM — (M yp PR L oA VT

Two (related) puzzles:

1) do not form an algebra  [Berman, Cederwall, Kleinschmidt & Thompson (2013)]
VM 5 pm (m=1,...,8) dualtoKKvector A,™

dual graviton (Cmq...mg,n = €mq...mgn) NOtin D = 11

However, gauge invariant ‘Ricci scalar’ exists (M = VV1):

1 1
R(M) = — %MMN@MMKL ONMgr + EMMN(?MMKL&LMNK

1
=500 FNCp MY g MR oy Mg MTPFON Mgy, + - -
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Resolution of puzzle: additional gauge symmetry

5(/\,Z)VM = Nog VM — fPMyp PR pognNE VN = pEM VN

= closure & invariance of action provided covariantly constrained
Pyn"tox®@x, = Pyn"'sx®x, = 0

= 8 components upon solving constraint = dpm = A\, pure gauge
= corresponding gauge vectors B,,5; needed for Chern-Simons terms

General tensor hierarchy structure for any E,, ;)

D = 3’ E8(8) ) DMV = (@L — 6("4#73#))]} . 5B,LLM = &MZM + -
D=4, BEqqy ]:uvM = Qa[uAu]M T %QMNBWN
D = 5, E6(6) . H,u,l/pM = 38[MBVP]M + o004 C,ul/pM

Compensator gauge fields needed for supersymmetry
[Godazgar?, O.H., Nicolai, Samtleben (2014)]

representations not part of E1g or E11 level decomposition -



Generalized Scherk-Schwarz & Consistent KK Truncations

Ansatz intermsof U(Y) € Ey
Muyn(,Y) = Up™(Y) UNH(Y) Mg ()
A (@, Y) = pH(YV)(UTHNM(Y) A (@)

Y drops out < consistency (twist) conditions for £y, = p=1(U~1) /Y
[Aldazabal, Grana, Marques, Rosabal (2013)]

K

Ley € = ~Xun"€x,  Xun'™ = Oy (ta)n™

Full consistency: non-trivial ansatz for compensating gauge field
Bum(@Y) = —2p2(U s opUpt(t*) r° Buvo()

Twist matrices constructed for AdS4 x S7, AdSs x S°, hyperboloids, etc.,
= Consistency of KK truncation  [de wit & Nicolai (1986)]
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Outlook & Summary

Dual graviton and other mixed Young tableau fields in DFT
= new features, new fields

Construction of non-linear completion in completely new light,
no-go theorems not applicable

Fully non-linear DFT?

Parts of dual graviton appear consistently and non-linearly in EFT,
needed for supersymmetry and consistent KK ansatz

Application for exotic branes?
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