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Introduction

ii Low-energy limit

@ Low energy effective action

a'— 0 @ Supergravity solutions

@ d < 10 effective actions




Introduction

Supergravity solutions (vacua)
o N =1 M-theory on R} x Mg

Effective actions

@ 3d effective action of M-theory on Mg
@ Mg is a CY fourfold
o N =1 four-flux

@ More general four-flux keeping CY geometry

@ More general F-theory vacua



Supergravity and SU(4) structures

@ Reduction of the structure group (topology)

@ Invariant tensors/spinors

Intrinsic torsion

@ Torsion classes (geometry)

@ Susy imposes restrictions on torsion classes



Supergravity and SU(4) structures

SU(4) reduction
@ Existence of (g, Z) with ¢c; =0

o Existence of (g, 77) with 77 pure & nowhere-vanishing

Necessary condition



Supergravity and SU(4) structures

SU(4) structure on Mg

@ (2 complex decomposable four-form

@ J real two-form

o ODANJ=0 & QAQ*:%J/\J/\J/\J

Link with supergravity

9 e~(C®n
@ Q~nyun & J~nTyun



Supergravity and SU(4) structures

Torsion classes Wy,... Wy

dJ = W1_|Q*+W3+ W4/\J+C.C.

g
d2= S Wi AJ AT+ Wy A J+ W5 A QL

where Wy, Wy, Ws ~4 and W>, W5 ~ 20
Spinor language

1
vmr]:(ZW4m_§W5m )TI+ 52 Qo WY

i 1 3 ki
+( 16W2mkl 3ZanleAT +64 3mannp )7 ’7C



Supergravity and SU(4) structures

Link with supergravity

@ Susy vacuum
Vin—F-yn=0
implies W-yn~F-yn
@ Conditions for vacuum < Conditions on W;, F

@ Geometrical problem



N =1 M-theory on CY fourfolds

Metric

ds? = e3” ds?(RY?) + e 34 ds?(Msg)

6
F:V013/\d(eZA)+G; G :g(J/\J+—ReQ)+g(2’2)

€]
Susy integrability
dG=d+gG=0

NMZ
1
—dxg de A + > GAG= (27Z)Z(X8 - 25(8)(y —y,-)volg)
i=1



N =1 M-theory on CY fourfolds

Comparison with A/ = 2

@ G need not be (2,2)-primitive

Large-volume compactification

o VE=1; I<<1
@ A is constant up to O(1°)

@ G satisfies:

1 _ x(Msg)
8216 JMSGA“NW Y
[C]

c2
5373 € H* (Mg, Z).



Effective 3d N = 2 supergravity

M-theory on Calabi-Yau fourfolds

@ 3d N = 2 effective sugra
@ Partially susy-beaking vacua of 3d N = 2 sugra

Below the susy-breaking scale

@ 3d N =1 effective sugra



Effective 3d N = 2 supergravity

Expansion in light modes

@ Bosonic moduli of the vacuum: @ := (MA,Z“,.A’;\,N’)

@ Fluctuations: ® — P(x) := P + OP(x)

N = 2 supermultiplets

Q@ gravity: (gHV;X#)
@ vector: (AA,MA;AA)
@ scalar: (N’,Za;l’,/\a)



Effective 3d N = 2 supergravity

o Kahler deformations: J = VZQ\: MA e,

@ Complex-structure deformations:
h3,1

5géB = ﬁ Za:l 6ZaQ*Cdeéq)a,cde5(y)

Flux moduli

@ Three-form: C = C(M) + %( ffll Ny, +c.c.)+ 221:1 AA A e

where dCc() = g(J AJ+ ﬁRefz)_,_g(z,Z)



Effective 3d N = 2 supergravity

Fermionic moduli

lpm

Py

J’_

2

=5
i

|v1 :

(A WPy + A’Cw’“”"ynpq)

—
[y

,1

=
w

M

(/\aq)mpqu*npqunTI"' /\accbmpqunpqrynr] )

1Y
ey

=

hl
(3 e o + 12T o)
A=1
=X+ xun°



Effective 3d N = 2 supergravity

Eleven-dimensional action

S=sb+sf+0(%);

1

1
Sb_ - Zfdllx,ﬁ[R 521_12 2JC/\G/\G;
K K

1

f
522

Jdllx\/_[ZL[) MMNRY g

= 4—8(775/\/1 FMNPRRS 1 + 129P T R h>) Gpps + - ] ;



Effective 3d N = 2 supergravity

Bosonic 3d NV = 2 effective action

S3 = ZLKZJ@X\/% [R — Gpg(d, M " MP + %F;‘VFB’“’)
—2G,39,2%9"2F - 2G3D,N' D¥N’

- %s”VPdA, 3A, Dy N'DNY + eM7PO 45 A, FEP]
+0(1°),

where:

DN':= dN'+dZ%N” o, +dZ*NY 7,5,

W =0,k (Z,2)WK + T (2, 2) 0K ; 9,0 =



Effective 3d N = 2 supergravity

Moduli space metrics

o 74
GAB Z:EJ*EAAEB
s o - 2
:—iaAQBan(M): Vv GAB;
1 _
Gji=— | #W AW/
1V

i -
:—ZMAdA,:,; where dA,J::JeA/\\U,/\\UJ;

1 _
Gap = Viap J*d)“ A DP

:—aaéﬁanQAQ*.



Effective 3d N = 2 supergravity

Embedding tensor

where



Effective 3d N = 2 supergravity

V4 MB

RAB::éf\— v y

satisfies:
R°=R; M R,B=0; RsBvg=0,

where
VA = BA Vv 5



Effective 3d N = 2 supergravity

Field projections

Va
74
A= V—\;\AA s AR = ABRBA = A* - AMA .

A= 24, VB2 Q4R.B; vyt =0;
Fermion expansion
Mep=21"e,+AJ,

where v
e ::eA—VAJ; en AJAJ=0.



Masses at the N = 1 vacuum

Gravitino super-Higgs mechanism

= :f V| (7 7P, x ) +3°23(A1)79, A7)
+6g (%, YV xy)+273%e(AyVxy ) - 273 (AT AT) + - ] :
where

X, =Xu+8iyA; 6V :=0+6%; 67 :=-i(0-6°).



Masses at the N = 1 vacuum

Gravitino super-Higgs mechanism

After Weyl rescaling: g, — V‘Zgw, 5 Xy V—%X” ,

S3 = Jd3x [(nylwpav)zp) + 6gv_1(7€;47/lw7€v) + - ] ’

where

N _ 1
Ru'= Xy + ga,x —-6y,A7.

Gravitino mass:
=il
my =6gV™ .



Masses at the N = 1 vacuum

Sy = Jd3x( — %VZGABF;‘VFBP”’+5VVPGABA;‘F1’/3P +o),
where
O =Opp—8V(Ghs - 6VAVB),
O4p ::%Jg( 2 NeaNep;

VaVp
Gag = Ra“Rs°Gep = Gpg -2

V2



Masses at the N = 1 vacuum
Vector Super-Higgs mechanism
S= szd3x [—F,WF’“’ +6gV P ALF,,
1
~5Ghs FiFPH + V72(@)5 — gVGpg)e! P AL F o + - ] :
L= —F’WF’“’ o ms’“’pA#va

Mass degeneracy:

mA:6gV_1 =mg.



Masses at the N = 1 vacuum

AA masses

After Weyl rescaling: gy, — V72g,,; A" — Vi A
1 ’ 1/ 7 77A— )B—
Se= Jd3x, [~g3) (EGAB[(A Ay, B + (AR YV, AP
_V_Z(GAB _gVGAB)(X/A+/\/B+)
V2@~ 28VCig) (AN AB) 4 ),

Mass degeneracies:
myg = Mmys .



Masses at the N = 1 vacuum

L~ (d_)d . d)ﬁ)[(iacyvv Aﬁ) + 3g(iacAﬁ)]

* 1_28¢pqu¢fgsmnukl gr(qus)(AaAﬁ) +c.C.



Effective 3d N = 1 supergravity

Massive supermultiplets

gravitino: ()3;42/4#) ; vector : (A;‘A;/\’AJr) ;

scalar : (Za;/la) , (M'A;A'A_) )

Massless supermultiplets

gravity : (gw;xl’f) ; scalar: (N';A’) ) (V;/\_) .

Weyl rescalings

_ _1
g = V8w xSV

= -15-3y/3 - I ~Z.,1
AT —>377272V2AT; A > 272Ve ),



Effective 3d N = 1 supergravity

3d N =1 action

1 9 _
>3 d3x,/——g(3){R—§8”ln Vo¥InV - 2G;39,N'9*N’
+( ~W‘"’m;) —(AY"V, A7)+ 2G3(Ay"V, A7)

—— 9, InV(A "ty
2\/—,4 v vExy)

G P 1IN =Gy )3, recl}.
where

1 o
VA o o V\?
MA:(§)4MA; MAMBGAB:Z(—) .



Effective 3d N = 1 supergravity

Moduli-space geometry

3 u
U:=——=InV; Hj:=e¥VGj=const.

2v/2

Metric:
_ U _
GuudU? +2G,36N' 6N = sU? + 2e V2 H; 56NN .

Christoffels:

1
22

/
Ny ===Gy; Ty=T);=-—=%.



Effective 3d N = 1 supergravity

3d N =1 action

2%2 d3x\/?(3){R ~ Guud,Ud U - 2G,30,N'
HE VPV )+ Guu(A Ty V,AT)
+2G,3(A YV, ) + Guu (A ¥ 1, )9, U
+[g/J(i’7’”7/VX,’4+)9vNJ +Guul Y (A y#A)a,NY

+G/3 ng(i’yﬂl_)ayNk + c.c.]} .



F-theory interpretation

The F theory lift

0 T2 X5B; T2=S,%Sg

S S Sg—
o M/X =5 1IA/Sg x B —— IB/Sg_ x B ———> IIB/B = F/X
T—dual Sg-—0

.
@ Varying axiodilaton; D7on S CB

ADE gauge group G

oXﬁ)A(

@ exceptional divisors: D;,i=1,...,G.

@ Coulomb phase of F-theory



F-theory interpretation

o SI:LEEA of F-theory on X x Sg_
from Siv:l/SBT

] Sé‘/[: LEEA of M-theory on X

= S;;Sév[



F-theory interpretation

4d N =1 sugra

1
G = de4 V_g(R = ZC,-J-[ReTF' Firv +ImTFP'WFéU£”"PU]

P T
~2K] 2V, TaV¥Tg+ V+...),

wherea=1,...,n., i=1,...,r1k(G).
3d N =2 sugra
VT, =dT,+imaA° + X;,A'; my:= | (VImT,).

S



F-theory interpretation

H(X)
Generated by e, = (eg, e,, €j) where:
@ ¢qis the PD of B
@ e, a= 1,...,h1’1(B), are PD of ‘vertical divisors’ D, of X,
i.e. D, = (DY) with D? a divisor of B
@ ¢;,i=1,...,rank(G), are PD of D;

In particular we have:

h¥1(X)=1+rank(G)+h¥(B).

Vector multiplet duals

o (M2 A%) — (g33,83,)
o (M,A") = Al
o (M*A%) —> T,



F-theory interpretation

Intersection numbers

JeaAeﬁAeyAeézj eiNezANeghe,
X X

:Jeo/\ei/\eA/\eB:O
X

Je,/\ej/\ea/\eﬁ:—Ci}/KaM; Kaﬁy::jeOAeaAeﬁAey.
X X

and:
c1(B)=k%,lg; egAeg=-m"ci(B)Aeg, (1)



F-theory interpretation

HA(X) = Hi(X) @ Hy(X),
such that
HY =HY oH> o H @ H P @ HO,
and

Gy=N%gAe,+Ny A& +f % Ae,+fle Ne.



F-theory interpretation

M-theory kinetic potential

. a oo ma | N NP
K=1nM°+1n [(EM“MﬁMV— s MEMP MW C] )Ka/g7+ ]

=V 250; MO~ez; Mi~e2; Mo~
keeping up to 5%, in addition to shifting:
1

(A%, MA) — (A%, MA) + Ek“(MO,AO) .



F-theory interpretation

M-theory © g

G0 = —15(N*—fICP KPR Kagy s
Ooy = -iN, +%(N/3+f"fcf)kw<aﬁy;
Opi = %kaeai;

Oap = —5(N7=F'C])Kapy s

O = —%(FKany+ Kt = NoCFF ).

Comparison with F-theory
1 i

:sz; @aﬁzo.



F-theory interpretation

Four-flux in the NV = 1 M-theory vacuum

Gy = gVZ(eO A ea[2MOM® — (MIO)2 K] + 87 M1° NP K 15,
+2e, AeM*M' + e; A ejMiMj) .
Setting g = V2gs for Gy # 0 and finite implies:
N, = geM*MFK g, ; N*=F%=f1=0,
implies:
P
Ooy = —4 &M M Kagy 5

1
©;=-7C;O0y; Oja=000=0O0;=04s=0.



F-theory interpretation

Comparison with F-theory

@ No 4d gaugings
@ Non-vanishing circle fluxes: m,, = %ng“MﬁKaﬁy .



Conclusions

@ Masses at the N = 1 vaccum
@ Effective action below the susy-breaking scale

@ Consistency with F-theory interpretation

Future directions

@ More general F-theory duals
@ 3d non-CY M-theory vacua, minimal susy

@ Explicit examples



Thank You
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