N=2 supergravity from
generalized Calabi-Yau
compactifications

Mario Trigiante

(Politecnico di Torino)

R. D'Auria, S. Ferrara and M.T. : 0701247
R. D'Auria, S. Ferrara, S. Vaula’ and M.T. : 0410290, 0412063



Introduction

» Superstring/M-theory flux compactifications: moduli fixing, spontaneous
Susy breaking, cosmological constant etc... [Grafa 0509003; Douglas, Kachru 0610102 |

e D=4 Supergravity from Superstring/M-theory:
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o Issue: Unveil web of dualities underlying flux vacua



Mirror
symmetry

@pe IIA on @ < > Type IIB on O~Y3

Equivalent low-energy ungauged
N=2 SUGRAS in D=4

« Extend mirror symmetry to the presence of fluxes.

« Mirror symmetry as T-duality along T3-fiber in Y,

[Strominger, Yau, Zaslow, 9606040]

. [Micu, Palti,Tasinato , 0701173 ]
R—R: F p * / pEl [Grafia, Louis,Waldram , 0612237 |
. [Kashani-Poor,Minasian , 0611106 ]
_ geometric fluxes [Grafia,Louis,Waldram , 0505264 |
NS - NS . H3 — . [Fidanza,Minasian,Tomasiello , 0311122]
non-geometric fluxes [Gurrieri,Micu , 0212278 |

[Louis and A.~Micu , 0202168 ]

» Constructing corresponding mirror-covariant N=2 gauged low energy

superg I’aVity R. D’'Auria, S. Ferrara, S. Vaula’ and M.T. : 0410290, 0412063
R. D’Auria, S. Ferrara and M.T. : 0701247

Fluxes = Embedding tensor



Type Il superstring theories

* Type Il Theories in D=10: 32 supercharges

» Bosonic field content:

 Field strengths
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Low-energy N=2 SUGRA

 Theory has 8 supercharges and bosonic sector consists in:

____________________________________

h, vector B NN
Grav. mult. mult. Cg Cs ,
. ! a :
guv AL i C ‘ C boooe- > hl +1
0 A7 |l a+ 10 a | hyper-mult.
Ap Lw g L JoLE
| B: *hy=h;s, hy=h,; \‘w\‘\: 7 (complex struct.‘);\ z2=ta  (Kaehler mod.)
A . hi=h,,, hy=h,; Wi:ti\(Kaehle_r_mQ_d_.); \\za;x\?\ (complex struct.)

® (CA) — (Coa Ca)a (5/\) — (é:OJ é:a), A =0,..., hl’ \\R*R\E\i?(ior;s\\

* a: scalardualtoB,,; ¢ D=4 dilaton.

\ ;
« Scalar fields described by non-linear c-model on M = Msk2 x Mgk

 Quaternionic scalars z2 span submanifold Mg 1 C Mok
Q@

e Isom(M,.q;) = global symmetry of Sy,



Mg o | h, - dim. Special Kéhler manifold locally described by

e {w'} i=1,...,h
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« Vector Lagrangian: Lyee = IM(M2) g F' AxF’ + —Re(M) 7 F' N F
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The (h,+1)x (h,+1) matrix 45 (w,w) defined in terms of V,, rV,

Vgo = Isom(Mgko) — Sp(2ho + 2,R)
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* On h;-dim. Special Kéahler manifold Mk 1 spanned by {za} there is
flat Sp(2 h,+2) — structure. Define 21(2), Ki(z,2), Vi(z, 2), 41(2,%)

e Scalar Lagrangian:

SKo SKq
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Local = —Kizdw' Axdi! — K7 dz" N dz’ — ¥ deé A xdd —

—4%52 (da — ZAC 45 dZ8) Ax(da — ZAC o dZP) + idZA M(N) ap N *dZP

Sp(2 hy+2)-covariant notation: z4 = (¢N, ) A=0,...,hy Cap= ( 0 ]}\

I+RITR —RI! Sp(2hy + 2
%(%):( D1 -1 ) g1 € Sp(2h1 + 2)

I=ImA;; R=ReMN

> g’{ﬂ(t/’/l)gl

. Heisenberg algebra of quaternionic isometries ¢ ta = "N tp +Ent! |, € 2

SN = Ny i =¢n = sz =¢

- — ta, tgl =2Cyp &
dba = £+£ACA_‘$/\CA=£+§ACABZB [[A Bl AB ]




Gauging: Introduce abelian local symmetry group &4 — eG

Global Local
G={X;} C Heis={ty,Z}: symmetry _ | symmetry
X ’ X — 0 of of
(X7, X /] . Z,

D’Auria, Ferrara, Vaula’ and M.T. : 0410290, 0412063

» Parameters of gauged fg encoded in a single tensor @ (embedding tensor)

de Wit, Samtleben, M.T. : 0212239, 0507289

6
G —s Heis - X;=0% 40,7 <+ Aﬁ

G abelian: “ QIAQJBCAB =0 & 91/\ O A — QJA Orn =0 “

* Only scalars among  {a, ¢", CA} = {a, Z}} are charged under G
* Local G-invariance:
ouz? — Duz* =0,z - Al 6,4

m o G Ap Al { Oua — Dya = dua— ALO; — A, 0,Cyp 2P



1
28 = —Kpdz A xd? —E(DQ—ZACABDZB)/\*(Da,—ZACABDZB)+

1
L paA pin A*DZB — _~_dp A «d
+2Cb %( l)AB * 4052 Q5 * QS

("« Minimal couplings break SUSY. )
{ » Fermion/gravitino SUSY shifts

e Fermion/gravitino mass terms

« V() # O (bilinear in f. shifts)
& D’Auria, Ferrara, S. Vaula’ and M.T. : 0412063 J

Restoring SUSY

e Generalize construction:

= {9 Q Or} & #@Q {6;°, 9[(1}
Sp(2 h;+2) Sp(2 h,+2) | X | Sp(2 h,+2)
de Wit, Samtleben, M.T. : 0507289 covariance covariance covariance

* Introduce magnetic components by dualizing only Peccei-Quinn scalars
transforming under G

A )zt -zl
h, <hy Z —/VA@—I_Z “ {ZA—>ZA

rank 64 =h, [ Covered by derlvatlves




CL — B[M/

« Dualization

* Introduce magnetic charges by replacing

ZI — B;M/I:QIAB;M/A

Fl,—Fl, =F,+0"B,.1+0 Bu

_ 1 1
And modify the topological term into —(87 B + 67 B) A (Ff — 5 0748, — 5 0'B)

Dall’Agata, D’Auria, Sommovigo, Vaula’, 0312210
D’Auria, Sommovigo, Vaula’, 0409097

» Gauge invariance

Al — Al 4ag —ol =, -0"=,
B;LLUI 7 B,U,UI + 8[pEy]I , Buy — Buv + a[MEV]

Provided: | /14 QIB] = ¢4 0y =0

o 09,208 =Crs9,409, =0 (ocality)

 The Scalar potential: © = (6;") = (0,4, ') ; 0= (6:) = (0, 67)
_ 1 T ~T
Vo= g0 +20C) () C(0+20C2) - Manifestly
25 TraT v 25T Ty, _ | SP(2hy+2)x Sp(2 hy+2)
SVIeTa( )8 - SV @ (1) STV e

8

T T ~T 7T vl o v.yT =
-5 C' e’ (Vs +VoVy )OCW [e:CT@C]




Examples

( 4 ~ 0 . . i
FO - Cc , F2 =...+c¢ Wy
(R-R) Fr=...4¢ &' . Fg = cg Vol (CT)
Form-fluxes: a oMot a
) NS-NS 3 = .. T €0 OA T EOA — A
I1Aon Y, || K( ) e (eo™)
i=1,...,h s y
— Ohii Geometric day = Cape’ & | (e-A)
A=0,...,hp; fluxes: dw; = e Ay @ dd' =0 i
Inspection of minimal A_ A _
couplings In l.e. theory: = 01 er” ; Or Cr
Ap B o~ __nlp A
d2%‘ =0= dgg, = dﬁQ — 91 QJ CAB =0=10 0[
Special case: ;ﬁ 0 < Half-flat manifold
[Gurrieri,Micu , 0212278 ]
Vo T, — i i) 7fmagnetic
1B on Y3 : H3 "+ o LCoupIingS}



* In hep-th/0612237 low-energy modes on SU(3)xSU(3)-structure manifold Y

described in terms of 2 b +2 odd forms Ot and 2 b,+2 even forms ®:
(

(ar) = (ap, ") ; (wa) = (wp, &™)

A\
' — oBY) A aB:y) A _ [ €I EIN
Il B: ) doyr = P w Q el /
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07
\

_ [ABY) T —
] asam oo,
Relation to embedding tensor |18, A = QUEY) 4

(

, Q'r:Crr (R-R ﬂUX)
(aq) = (ap, &™) (wr) = (wr, w!)
Il A: IIAY (IIA}Y) 7 e/\I ENT
day = QUAY)," QA
I O,...,b+< *A @ A wr 4 m/N mAI
A=0,...,b_ dewr [Q(IIA;Y) T]TAOEA
\

Embedding tensor: puAY) A [Q(HA?Y) T]TA . 0 = ¢ (R-R flux)
A B
Integrability: d2=0 = (O 97*A 0s® =0 Cap0r 0s

(abelian G)

0

(locality)



Mirror symmetry

oWAY) — e(IIB;Y/) & Q(IIA;Y) — Q(HB;?)T
Y = 8¢2 (c+2QC)'Cct #(Mm)C(c+2QC2) -
2 — o~ ~ 2 __
Scalar potential: % VIIQT () Qvy — 3 Vs Qi () QN Vo —
8

—5WTCTQT(V2V2T+V2VE)QCV1

At the minimum (’fZlA = 0 = o+QCupZB =c,+QChp2P =0

Z4 — hy+tlmassive, 2(h;-h,) flat directions A}

Vops = e (g7 DWW DsW — 3|W|?)

4
W = V4 QCVy ; eKS:;

Manifestly mirror symmetric: 1 < 2 ; (Q < QT [Berglund,Mayr , 0504058 ]



Conclusions

* Proposed gauging of N=2 supergravity which describes Type |l compactification
on SU(3)xSU(3)-structure manifold with general fluxes.
Gauged abelian subalgebra of Heisenberg algebra of quaternionic isometries.

* Geometric, non-geometric and form-fluxes enter the theory through the embedding
tensor

(Qra) — (QTA, Qr) . QTAQSBCAB — QTAQSBCTS — GrAgs(CTS =0

forming a mirror covariant picture.

* More general characterization of internal geometric structure allowing non
abelian gauging in the low-energy D=4 N=2 supergravity .

* Understand what happens to the gauged theory when perturbative and

non-perturbative corrections are taken into account.
[Kashani-Poor, Tomasiello, 0505208 ]



HAonTn - > |[IB on T'n
T-duality along S*

/

(87
“ [Buscher '85]
*Natural extension to the corresponding fluxes:
Torsion:
change
R, — g’
Scale of mass of Rs | Ft
deformation Ry R, Ry Ry Ry

*Further action of T-duality along y,x yield non-geometric fluxes Q.Y%, R*Y?

[Hull, 0406102; Dabholkar, Hull, 0512005; Shelton, Taylor, Wecht, 0508133, 0607015 ]



Reduction on Calabi-Yau manifold Y, with SU(3)-holonomy
» Topology:

fan BN = H3Y) i [ apnB==0%: [annaz=0=[ ">
{w} = HVY(Y) ; {&'} = H?>2(Y) ; /Y wi A& = 6
e Reduction on Y, yields N=2, D=4 (ungauged) SUGRA

« Matter content: Expand D=10 fields in Y; harmonics

—

B> = By + bw; S
i — h; ; Complex Kaehler moduli tt = b + 2 vt
J = v'w; '
. X
Q = xN — Fa BN h, , Complex structure moduli a _— “°
QAN ABT —— Ny P T 0
D=4 tensor B, dualized to axion a (a,6=1,....h21)

D=10 dilaton and Vol(Y;) combine in D=4 dilaton ¢



e The R-R sector:

: 0
Co = ¢ - c
g | ©2 = G2t ¢wa A <
| 64 — AIA@I‘I‘&G,QG'—I—... ] (73
Dualize C, into scalar N

\

AO

A A w; + Pap +

+CABN

» D=4, N=2 supergravity in which we choose to dualize tensor fields

Into scalars
h, , vec.
Grav. mult. mult.
Juv Al
Il B: . v
A Y 7
T
h,, vec
Grav. mult. mult.
Juv ¢
Il A: Ay

0
AY i

——————————————————————————————————————————

1
.

4 50 N
¢O
a-+ 10
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h1,1 +1
hyper-mult.

hZ,l +1
hyper-mult.



ggage — | 4819 (4o — n, dz! — UT)+

+dB A (n—da) +dBr A (U = dZ")| sy _se_
o T sul T

» Dual vector and scalar gauged Lagrangian

) . _ 1 . . i _7
L5 = I B nx P+ S Re(A) 1y LA B = Kigdu! A » did? —

" 1
K gdz" Axdz’ — (9% — A ZpZ25) H A *H—I—ZA”H;/\*HJ—A”H/\*H;ZJ—
—(H;-2HZ)AY 0,20 5 ANdZB + HAZAC dZP —

1 1 - A
—(BI—l—GjB)/\(FI—EGIABA—EGIB)—l—dZAAAB/\*dZB

ZI = H?CABZB IQ?CABZB
1
App = 2—¢=///(JV1) Ay =0r40,7 D4p
Aup = Dap—21"70,90,° Acapp
» Scalar potential for the electric gauging
1 _ _
Vo= - AmA5) "HT BYEY WZ WF + 4 (hyy — WE W) KV EY LT T/

* Where the Killing vectors coincide with the embedding tensor
Kf = (004, 6r)

r __ u , xr
and the moment maps are: P = kjwy




Use results from Ferrara, Sabharwal to write

1 1 2
(s — g g ycis = (=5 A2 (M) 452" - 4 [V{'Cppaz”]")

1 [1
WEWTdGUdq® | fess = 5 l% ( 62 + (da + dZAC 45 Z25)2 ) +8 ‘VlA(C ApdZB \

Which are manifestly Sp(2h,+2)- invariant

In the presence of magnetic charges, the potential is obtained from the previous
Expression for the electric gauging by replacing

(AmAs)~t — . (A5)

LLT — »Vf
So we find
Y = 8¢2(9+2@CZ)TCTL///(J/2)C(9+2@CZ)
—%v @T///(J/Q)@Vl—évz o.u(N)el v, -
8

—¢WTCT9T(VQVQT+V2V§) eCWw
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