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My talk in brief...

| focus on a particular class of non-geometric fluxes, so-called P
fluxes, which belong to the (vector-spinor) 352 representation of
the T-duality group SO(6,6) in D = 4 dimensions

o | derive how P fluxes transform under T-duality
@ | discuss the role of P fluxes in a specific N’ = 1 orientifold
model shedding light on what happens in type IlA theory

@ | derive how P fluxes modify a class of type Il Bianchi
identities

@ | discuss the interplay between P fluxes and
exotic/non-geometric branes and tadpoles



T-duality, fluxes and non-geometry

@ T-duality is a symmetry between two string theories with
compactified dimensions
@ On a circle St of radius R and coordinate X:

e The string moves along the circle with quantized momentum
p=n/R(neZ)

e The string winds around the circle in units of 27 R:
AX =27Rm (m € Z)

o T-duality: R — 1/R and n<> m



T-duality, fluxes and non-geometry

R—1/Rand n< m

o T-duality relates IIA <+ IIB string theories:
NS-NS sectors: gy, Buv, 8> By @ < 8uvs Buvs x> Bapir @

RR sectors: C, C, < Co, Gy
Cour Cuvp < Cuvr Cowp

@ T-duality means that string theories with small and big radii
are identified!

o classical notions of geometry break down (non-geometry)

o look for consistent exotic (non-geometric) backgrounds:
globally/locally non-Riemannian



T-duality, fluxes and non-geometry

Generalization: On a torus T¢ (with non-vanishing guw, Buv)

@ The fields can be embedded in a 2d x 2d matrix
-1 _ —lB
"= [é{gl g —gbglb]
o T-duality: # — OHO', O € O(d,d;Z)
@ In Supergravity (low-energy approximation of string theory)
T-duality is global O € O(d, d;R)
@ Crucial: T-duality mixes the metric g with the gauge field B

in a non trivial way: we end up with a metric which is some
complicated function of initial g and B (non-geometry)



T-duality, fluxes and non-geometry

Prototype of a non-geometric background: T-fold de Boer, Shigemori
(2010)

@ The NS5-brane is a solution of I1A/IIB supergravity,
magnetically charged under By

o|1|2]3|a|5|6|7]|8]|9
NS | — [ — [ —|-|-]-
Kks [ — |- -|-=-]=1]0O
Tfld | - |- |=-[=]=1-1010

NS5 % KK5 —s T-fold

@ The T-fold turns out be globally non-geometric, geometrical
well-defined only in D = 8, i.e. with isometries



T-duality, fluxes and non-geometry

@ In string theory fluxes are p-forms field strengths of gauge
fields, with legs along the internal manifold, integrally
quantized, e.g.

o 1IB NS-NS sector: B, — H3 = dB, with [H3=n€Z
o IIB RR sector: G; — F3=dG, with [F3=meZ

o Fluxes play a crucial phenomenological role in 4D
compactifications inducing a potential for the scalar fields
(moduli stabilisation, dS vacua, inflation...)

@ In N =1, D = 4 supergravity the scalar potential is
vV = MKV D; WD;W — 3| W|?)

e /C is the Kahler potential: depends on the scalars
o W is the superpotential: contains the fluxes



T-duality, fluxes and non-geometry

@ Non-geometric fluxes: sourced by non-geometric/exotic branes
’ T
NS5 L KK5 — T-fold
\
. . i T,' i 7—] U

parallel T-duality chain of fluxes: Hj — C'k — @
@ From the point of view of supergravity, fluxes induce a

gauging in the 4D low-energy effective action.The gauging is

described in terms of the embedding tensor
de Wit, Samtleben, Trigiante (2002)

Maximal theory in D=4: embedding tensor in the 912 of E7 )



NS and RR fluxes

If we decompose the 912 under T-duality SO(6,6) C E7(7) we end
up with

912 =329 220 H 352 @ ...
The 32 rep corresponds to the RR fluxes

Fm anp anpq 1B
0, —
F Fon Fmnpg Fmnpgrs 1A

. T
...under T-duality: Fp,. . n, —> Fmny..n,

The 220 corresponds to the NS fluxes introduced before...

n
QI\/INP — Hmnp fnem Qmp RmnP

. TP " Tm
...under T-duality: Hppp — P, — QP — R™P



P fluxes

P fluxes belong to the representation of the embedding tensor
which is the 352 representation of SO(6,6)

This is the vector-spinor (‘gravitino’) representation 0y,
By decomposing the whole representation under GL(6,R) one gets

niny ni...ng m,nyny m,ny...na m,ni...Ng
GM —
pn pninzn3  pni...ns pm,n pm,ninzn3  pm,ni...Ns B
m m m II

Bergshoeff, Penas, Riccioni, SR (2015)

pm:m--Np helong to mixed symmetry representations (vanishing
completely antisymmetric part)



P fluxes and T-duality

What happens to a given P flux under T-duality?

We make use of the fact that P fluxes belong to a vector-spinor
representation (hybrid between RR and NS)

Prescription on the indices: in the P flux treat the m upstairs and
downstairs indices as forming the vector index M, while the n
indices form the spinor representation

As a consequence, we derive the following T-duality rules
'DI’;71~~~”P l pmni...npm
Prl;l...np T_”P> Prrrw}...np_l
pmsni...np T_np> pmsni...np—1

Lombardo, Riccioni, SR (2016)



lIA/1IB orientifold models

We consider T-duality and P fluxes (NS, RR) in a specific N’ =1
model: 1IA/IIB T®/(Zy x Z5) orientifold with O3 and O6-planes.
Aldazabal, Cdmara, Font, Ibafiez (2006)

TY/(Za x Zy):

o T°is factorized: T° = ®?:1 T(2I.)

each subtorus has coordinates (x', y')
@ Basis of closed 2-forms: w; = dx’ A dy’
o Kahler form: J =", Ajw;
@ Holomorphic 3-form:

Q = (dxt + itidy?) A (dx? + iTady?) A (dx3 + iT3dy?)



IB/O3

[1B/O3: 1IB modded out by Qp(—1)Ftog where

@ 7 complex moduli (U;, T;, S):
e complex structure moduli
U=
o complex Kahler moduli T;
Je=GC4 + ée*‘f’J/\ J=1iY, Tid;
e axion-dilaton

S=e?4+iG



IA/O6

[IA/O6 obtained from 11B/O3 by performing three T-dualities
1,2 3

along x*, x°, x
Involution is now
ca(x)=x" oaly’)=—y'
Complex scalars embedded in:
o Complexified holomorphic 3-form is
Qc = G+ iRe(CQ) = iS(dx* A dx? A dx3) + iUi(dx A dy A dy)
@ Complex Kahler moduli are

Je=B+iJ=1i); Tiw;
1B and IlA moduli related by T-duality as 7; < U;



Allowed RR fluxes

1B RR fluxes | lIA RR fluxes
Fo,2,3 F
Fyivisk Fiiyi
Fyiyiyx Friyisckyk
Fyiy2,3 Fiyi,0y2,3,3

[IB/O3: only F3 turned on
[IA/O6: F, Fp, Fa4, Fe



Allowed NS fluxes

[I1B NS fluxes | IIA NS fluxes
1,2.3
H 1,02,3 Rx XX
J ok
Hy iy —Q"
. x!
Hxlyjyk _fyfy"
Hyiyjyk Hyiyjyk
Qxka X
x’k ) xJ xk
x<y! y!
Qyj f;,jxk
xJ xk
Qyi _Hy"xixk
Qxiyk kaxj
xJ xi
&' | R
X
Jyk Jyk
Qyiy Qyiy
y y




lIA/1IB superpotentials

In 11B/O3 H; and F3 turned on determine the superpotential
Wg = f(/:3 — i5H3) A€ Gukov, Vafa, Witten (2001)
with all NS fluxes turned on, generalises to:
Wg = [(F3—iSH3 + Q- J.) AN Q Shelton, Taylor, Wecht (2005)
= Pl(U) + 5P2(U) + TP3(U)

The 11A/O6 superpotential is
Wa = f[eJC A Frr + Qc A (Hs + fe + QJ£2) + RJ£3))]

which has the form

Wa = P1(T)+ SP2(T) + UP3(T)

Consistently, W, and Wg match under T-duality (U <> T)



lIA/1IB superpotentials with P fluxes

In 11B/O3 the P flux P,/ has been already introduced as the

S-dual of Q;°
Aldazabal, Cdmara, Font, Ibafiez (2005)

By requiring that the superpotential transforms properly under
S-duality, one obtains

WB = f[(Fg — ISH3) + (Q — ISP)jC] AQ
which adds a new ST term
Wg = P1(U) + SPy(U) + TP3(U) + STP4(U)

We now use T-duality rules to find all possible P fluxes, to find
Wy in a covariant form (for this particular model) and to
generalise Wg to all P fluxes



P fluxes in 11A/IIB orientifolds

(Part of) IIA P fluxes found performing 3 T-dualities from IIB to
I1A along the three x directions

IIB P fluxes | 1A P fluxes

kv i
X" x: X
J xk i'sd yd
Py Py
Y. Y. .
pyy prixIxkylyk
y yooo
Px'kxf px'x'
XI
yIxk X! xixjyj
P pxs
P}’j}’k Pxi,xixjxkyjyk
X

Not the whole story... according to the symmetries: PXi»i = PYii,
Py = Py, PXiXiXYj = PYi¥iXY  and so on ...
i 1



[IB P fluxes | IIA P fluxes
kyj i
P P
Pijk PX'ijj
v vy
Pyjyk PX'XJXknyk
y' o
PX‘kXJ Px‘,x‘
XI
P}’{Xk Pxi,xixjyj
XI
pyy px xixixkylyk
XI

PXi?XinXkyi
PXiyxinyiyk
Px xtylydyk

Pyi7xixjxkyi
pyyixyixk

pyLyiylykxi

P,
k\ k
P’ ,'X Y
P)}:iixjijkyk
py'y
py' Xyl

pylyixixkylyk




lIA/1IB superpotentials with all P fluxes

Start from
Wi = [[(F3 — iSH3) + (Q — iSP?)J] A Q
by T-duality we find the IlA superpotential, completed by including
all the possible IIA P fluxes in the following covariant form:
Wa = [[e’Frr + Qc(Hs + fJc + QJZ + RJZ — PIQ.
H(PM — PHQcde — (P + P2 — (PL5QcJ2))

We come back to 11B/O3 determining Wp with all 1B P-fluxes
Wg = [[(F3 — iSH3) + (Q — iSP?)J. — PL* T2 A Q

= P1(U) + SP,(U) + TP3(U) + STP4(U) + T?Ps(U)

this agrees with the IIB superpotential originally proposed in
Aldazabal, Andrés, Camara, Grafa (2010)



P fluxes and Bl

Another interesting application: generalise the following NS-NS BI
including all P fluxes (crucial to concrete models):

[:nanq]r =0

Q[r;;r palr T fnptgr =0
q]r + fr an + Rmnerqr — 0
R[mn|rfqpr + Qc[yml ;"P] =0
R[mn\er‘l] =0
Shelton, Taylor, Wecht (2005)
Aldazabal, Camara, Font, Ibafiez (2006)
Ihl, Robbins, Wrase (2007)

4Q[



P fluxes and Bl

In 1IB we get:

- 6ﬁ Hpq]r -+ 4F[minq] + 2P[rs an’;q,]nrf =0
3Q[ pq]r + 3f[ f] 3P[ F q]r - P ’ anqmr — 0

_anfr 4Q[ q]r Rmnerqr_|_2F[an]1n+Pmm qum_|_

pn.mn qun + P[pnrs q]rs i Pm ,nmrs qumrs -1 Pn ,mnrs qunrs -0
R[mn|rfP] + 3Qr’"” QP]r PmnPrF pm mnermqr _ Pn,mnernqr .
pp,mnpr o =0
6R[mn|erq] + F,P™mnpq Fn pnmnpq Fppp,mnpq +
Fq pa:mnpq %Pm,npqmrsFmrs + %Pn,npqmrs Fprs + %'Dp,npqmrstrs +
%Pq,npqmrs quszo



P fluxes and Bl

...and in 1A we get:

. 6 mnHpg)r + 4P(n Frpalr = gm
QG Host + 3oy il — 370 Foa) — P P +

1 Pm mrs anqmrs + 3 P[mrs qu]rs =0
_anf;q _ 4Q[m| q] Rmnerqr + 2P[r;1nr Fq]
pn.mnr qunr—o
3R[mn|rfp] + 3Qranp]r + FP(T”P _ Pm,monmq _ Pn,monnq o
Pp,mnp/:pq Pmnprs Frs _ ’Dm,npmrsll:qmrS _ 'Dn,npmrsll:qan _
pp,npmrs qurs:()
6R[mn|erq] _ qu pa,mnpgr _ Fpr pp,mnpgr _ Fnr pn.mnpqr _

Fmr pm,mnpar _(

m,mnr _
) pmmarE



P fluxes and exotic branes

The final thing... we study the interplay between P fluxes, exotic
branes and tadpoles...

The NS and RR fluxes induce RR tadpoles
In 11B/O3 we have a D3/03 tadpole induced by

fC4/\H3/\F3

and a D7 tadpole also
J Ge N QF3
In 11A/O6 we have the D6/06 term

f G A (—H3F0 +whFy — QF4 + RFﬁ)



P fluxes and exotic branes

Precisely like the NS and RR fluxes, also the P fluxes induce
tadpoles (that must be cancelled by introducing branes).

Py induces a charge for the 7-brane which is the S-dual of the
D7-brane

[ Es A P12H3

What is the corresponding tadpole in [IA? We need to know what
happens to Eg under T-duality — spectrum analysis: look at
classification of all branes in any dimension



P fluxes and exotic branes

The branes in the maximal theories in any dimension have been
classified according to how their tension scales with the dilaton in
the string frame, T ~ g¢&
Bergshoeff, Riccioni (2011)
Bergshoeff, Marrani, Riccioni (2012)

@ o = 0: fundamental branes
@ o = —1: D-branes
@ a = —2: NS (solitonic) -branes

@ a = —3: S-dual of D7-brane



P fluxes and exotic branes

e.g. to find all the NS branes (o« = —2) you need to compactify
the mixed-symmetry potentials

De D71 Dg> Dg3 Diga

The extra indices encode the fact that the corresponding brane
solutions must have isometries
Lozano-Tellechea, Ortin (2001)
Bergshoeff, Ortin, Riccioni (2011)

D71 — Dgyxx KK monopole
Dg,g — D6xy,xy T-fold

These are the exotic branes seen before



P fluxes and exotic branes

For the & = —3 brane one needs to compactify the potentials
Eg Ego Ega Egp1 Ege E941 E1022 E1042 E1062 1B
Es.mna —
Eg1 Eg3 Eg11 Ess Eo31 Eos1 E1032 Eio52 A
In our last paper we find how these fields transform under
T-duality:

oa=-1: 01 c. 5.
ea=-2: 01,1 D. 5D
1+—1 D,15D .
ea=-3: 0+—>111 E. 15 E nx
.

1+— 1, 1 EX — E,,,x,x



P fluxes and exotic branes

Back to our A" = 1 model

Using the T-duality rules for fluxes and branes, we can figure out
what are the tadpoles induced by all the fluxes and which branes
can be included to cancel them

We find a class of & = —3 exotic branes that can be included both
in 1IB and in llA, giving the non-trivial constraints:

P2 . Hz + Eg
P?.Q <> Ega, Eg21
PY*.Q « Ei042



1B 1A
potential | internal component internal component potential
ES Ex,-y,-xj-yj Ex,-y,-)gijk,x,-)gxk Xk E9,3,1
E3,4 EXi)/inXk‘Xi}’inXk X YiXjXk:Yi E&l
EX{)’in)/jaX/')’i)ﬁyj EXiyi)ﬁijkvyfijk-,Xk E9,371
Exi}’in}/kinY/‘Xj)’k Xi YiXj Yj Xk YiXkeYksXk E9,371
EXf}’iJ/j}’kaXr’yU’j)’k EX/')’inijkyk SYiXi YiXieYieoXiXk E10~,5,2
E9,2,1 EX,-y,-)gijk,x,-xk,x,- EX,'ijij,Xj E8,1
EXinXj}’J'Yk7XIYk:Xf EYf><J')’ij}/k1XijYk7Xk E9,371
EX/')’inijk YiXisYi EXfy/‘><j)’ij~,Xf)’in-,yy' E9,371
EXi.Vinyj)’k YiYioYi EXi}/fXj}/ijkaxi}’fXij}’ks}’ixk E10~,5,2
E10,4~,2 EX1,V1X2}/2><3}/3,Xinyijva)/i E,Vinijk}/k WYiYiXksYi E9,371
EX1Y1X2)’2X3}’37XinXijanXk EXfy:'yj}’k,y,' E&l
Ele1X2y2X3y37Xiijk}’k~,xi}’j E}’ixj}’jxk}’h)(j}’j}’ka}’k E9,~3~,1
EX1y1X2y2X3y3~,Xi}’i}’j}’k;}’j}’k EX1y1X2y2X3y3a}’in}’ij}’kd’j}’k E10~,5,2




P fluxes and exotic branes

Eg maps to Eg31 in IIA/O6. In components, the tadpole is
induced by:

/ Ejo),mnp,m < (NS - P)ﬁ']”p’m,
with (NS - P)g""" =
—opmmllrgF] i fmpp.mnp . gmpramne . pm.m QEP 1 Qi PP —
2pglrlr QP Lprerspm o pmpmnp | 1 pmmnprs gy

[ Eoz1 A (PYf + PL1Q+ P3Q + PPf + PLIR + P H3)

This nice structure between fields and P fluxes generalise to all the
other a = —3 fields.



Conclusions

@ We have a T-duality rule for P fluxes (and branes)

@ We have an explicit T-dual expression for the superpotential
with P fluxes included

@ We have a generalized expression for tadpole conditions
including exotic branes



Conclusions

Next steps:

e Extend to other fluxes and branes (and models)
@ Study moduli stabilisation

@ Dynamics of exotic branes



