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Plan of the talk

O Heterotic — type IlIA duality in four dimensions

O Heterotic fluxes and type [IA (M-theory) dual setup

O Heterotic compactifications with duality twists and R-fluxes
O F-theory dual setup

O Conclusions



Heterotic — type |lIA duality in 4d

Heterotic/ K3 x T? « type IIA/CYs5.

N=2 supergravity in 4d coupled to n, vector multiplets and n; hypermultiplets
Heterotic — Coulomb branch — U(1)™ !

KK vectors, B-field on 7% and 10d gauge fields
AO:gu47 Al:gu57 A2:B,u47 ASZB,LL57 A*.

Scalar fields

w — complex structure of T2 ; t — complexified volume of T2 ;

n® = Ag + uAjf; s — axio —dilaton



Type IIA vector multiplet sector < w; € HY(CY3)
Gauge group U(1)" "' +1 — pll = p,

Gauge fields comming from RR 3-form potential C's expanded in the CY3 harmonic
(1,1) forms and the 10d graviphoton A°

A

Cs=...+ Aw; +...

Scalars in the vector multiplets — complexified Kahler moduli

B+ iJ = (b" + iv")w;



Heterotic/ K3 x T? with fluxes

Gauge field fluxes on T and various twisting of 72 — non-Abelian structure and
gaugings in the vector multiplet sector

| Fe=r
T2

F°=dA°, F'=dA",

F2=dA% 1 foA°A AL, F3=dA3 — oA A A0,  Fo=dA® 1 foA0 A AL

Dt = 0t + V2 %Al + f2A° .  Dn® = 9no — \% F9(A3 + uAl).



Type IIA dual setup?

X Type IIA/CY3 — Abelian vector multiplet sector.

X No known fluxes induce gaugings in the vector multiplet sector

Hint: look at the duality in 5d: Heterotic/ K3 x S! vs M-theory/CY3
Heterotic T fluxes = monodromy of gauge field-scalars around S' — 4d
m do the same in M-theory

Isometry of the vector moduli space SO(1,1) x SO(1,n, — 2)

Perform Scherk—Schwarz compactification: twist the vectors multiplets by an
element of the isometry group as we go around the circle

Do it in one step — M-theory on 7d manifolds with SU(3) structure.



7d manifolds with SU(3) structure

Spread monodromy evenly over the circle

wi(z +€) = wi(z) + eMlw;(z), M — constant, ~) = (eM)]

1

w; - harmonic on C'Y3 slices

dw; = Miw; A dz

Consistency condition on the CY3 intersection numbers IC;

0= / d(wz A\ W A\ wk) - Kileli -+ ICijMZ-l -+ ICkZlel =0
X7



Duality to Heterotic/ K3 x T

CY; = K3 fibered over a P; base.

Limit Vol(P4) ~ large = non-vanishing intersection numbers
Kia3 = —1 . Kiap = 204, ab=4,....htt=n,.
Solve constraint M(lz.lek)l = 0:
Mi=ms, MZ=m,, M;=ms, M=m,, M!=-M=mp,

a 1~ a__ 1 a__ _1las1 1
My =sme, M3 =353mq, M;=-—5M;=35(ma+m3).



Duality to Heterotic/K3 x T*“

e # 0 < heterotic gauge field fluxes on T [anarony, Berkooz, Louis, AM]

Identifies A” on the heterotic side with the KK vector along the M-theory circle.
mo + ms # 0 — not a valid twist (not in the U-duality group)

m, 1-dual to m, — need sort of T-fold on heterotic side

m = my = —ms and m? in heterotic?

[Dabholkar, Hull; Reid-Edwards, Spanjaard] — Heterotic/Td duality twists.



Double twist reduction

Compactification on St — SO(1,n, — 2) symmetry
compactification on the second S! with SO(1,n, — 2) duality twist

Twist matrix

fooo0 M
N7 = o —f W
_Wa _Ma Sab

Match perfectly the M-theory twists

f e m; M? — myg; W «— myg; Sab — mab

l l l l

geom flux T2 —flux non — geom flux  Cartan torus twist
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Heterotic R-fluxes

Extension in [Reid-Edwards, Spanjaard] — “R"-fluxes (T-duality along non-isometric
directions) twist with the full 4d duality group SO(2,n, — 1)

New twist matrix N;”

q 0 U’
Ny = 0 —q V| [N,N] =0
_Va _Ua, Gab

No direct explicit compactification; twist matrices — structure constants in the
underlying N = 4 theory — determines gaugings and structure constants in the
N = 2 theory.
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No direct method of computing the potential; can only be determined from N = 2
sugra relations in 4d

Killing vectors

ki =—(fu+ V2W'n")d, + (ft + V2M "n")8; + Jo(M"w — Wt + V2Sun")8a (1)
ky = —(qu + V2Vn")d, + (gt + V2U )8, + J=(U'u — V't + V2Gun") 0,

ks =—(f — gn®n® — V2Un"u)d, + (qt° + V2U*n"t)d;

+(gtn® + V2Un’n" — —U (ut — n’n’) — TM “) 0.
ks = ...similar to k3
= —(V'n"n® — U® — V2G,"nu — W8, + (Un*n® — V% — V2G,"n"t — M"),

+ [(Ubu Va4 \/§Gbcnc) n® — %Gba(ut —n‘n’) + %Sab} 0,
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F-theory dual

15t twist matrix — need 1 KK gauge field — M-theory/CY3 x S1
2" twist matrix — need 2 KK gauge fields — F-theory/CY3 x T

Twist CY3 over T2 as in the M-theory case — eight-dimensional manifold with
SU(3) structure.

dw? = (Mi)abwb N dZi

Consistency: d?w® =0 — [M;, M3] =0

M; — antisymmetric — number of parameters coresponds to that on the heterotic
side
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Compactification

Compare heterotic result [12| to F-theory compactifications

No 12d effective acion for F-theory — 2 step compactification:

e compactify F-theory on CY3 — known from dualities

e Sherk-Schwarz compactification on T2 — fields which come from the expansion
in w® vary on T2,

v* —  (CY3 Kahler moduli

B e exeaneien of O }antl — self — dual tensor multiplet in 6d

supergravity multiplet: ga;n and Bjsn-self-dual tensor field
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No action for 6d sugra with arbitrary number of tensor multiplets — ignore the

self-duality condition in 6d and impose it in 4d.

Start from 6d kinetic term

—%gaga?éo‘ A *dBP

4d degrees of freedom

B® = B%4 A% Adz' +b%dzt A d2?
dB® ~ xdb®,  dAY ~ xdAS

4d vector multiplet: (A$, b™, v®) or vector-tensor multiplet: (A, B%, v®
P 1 P 1
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F-theory compactification on 8d manifold with SU(3) structure < allow 6d tensor
multiplets dependence on T2

A

(%Ba = (Mi)aﬁéﬁ y (%Ua = (Mi)ag’vﬁ

6d field strengths

dB® = dB+dAFNdz'+db* Ndz" Nd2?+(M;)* 3(BP + A Ad2 +6Pdz" Nd2?) Ad '
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4d field strengths

H® = dB*+ FAAV + (dAS + M) AN V?
Fe = dAS 4+ M{X3BP — Db A V2

FY = dAS + M$sBP + Db> A VY

Db = db® — M{gAL + Mg gAY

V12 - KK vectors on T2

4d action

-1 (g(wﬂa A*HP 4 g9 gogF A FP + gopDb™ A *DBH)



Self-duality conditions
naﬁDbﬁ = Jag * HB 3 naﬁFf — Eijgjkgozﬁ & F]? .
Can be obtained by adding suitable total derivative terms to the action

St = _naﬁHa/\Dbﬁ_naﬁFla/\FQB+277aﬂM267dA(1X/\B,Y+77aﬁMfé5M2BVB§/\B7

Can not directly eliminate magnetic dof. (1103.4813, Andrianopoli et al)

Magnetic gaugings in Db® can be mapped after electric-magnetic duality and
field redefinitions to electric gaugings quadratic in the scalars.

Need to perform electric magnetic duality for V! or V2, but they both participate
In gaugings.
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One vanishing twist matrix — result identical to M-theory compactifications on
7d mf with SU(3) structure

My ~ My same results as in the heterotic case except magnetic gaugings
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Conclusions

Heterotic R-fluxes < F-theory on 8d mf with SU(3) structure

Heterotic — can determine gaugings

Expect massive tensors after electric magnetic duality

F-theory/CY3 -+ Sherk-Schwarz compactification on T2

Massive tensors present

No explicit relation between the two sides when both twist matrices # 0

Need a better understanding of N=2 gauged sugra with vector-tensor multiplets
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