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Motivation

It is quite remarkable that the non-geometric 4D effective potentials could be studied
via merely knowing the forms of Kahler and super-potentials and without having a full

understanding of their ten-dimensional origin.

Toroidal setups have been utilized as toolkits for many purposes. Can they help for

knowing 10D non-geometric action 7

The purpose of this talk is: trying to zoom into the above window through a bottom-up

approach.

For attractions on cosmological applications, recall talks by Blumenhagen, Plauschinn

and Fuchs.
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Plan of the talk
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Outline and summary

To begin with, the idea is to consider type |IB flux-compactification on toroidal
orientifolds, and follow the steps:

® Given the expression of Kihler potential KX and the superpotential W, compute
the effective four dimensional scalar potential.
Invoke some special flux combinations guided by the previous literature.

Utilizing the new flux combinations, rearrange the full scalar potential into a
‘suitable’ form.

® Dimensional oxidation

This analysis will be done in an iterative manner from the point of view of including all

the standard F3 and H3 along with the other (non-)geometric fluxes.
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Relevant Ingredients of type |IB orietifolds
We consider type IIB —CY3/0O. The field ingredients relevant for this talk are:

® Depending on the choice of orientifold involution, the following complexified
fields are part of the low energy spectrum [Grimm+-Louis'04]

r=Co+ie®, G*=c*+7b*; ach’

. 1 T
T = (pa + Rpap®b? + 5 T Raapb® bb) — 56 ¢ maﬁvtﬁﬂ; o € hi’l .

which can also be motivated via considering a complex multi-form of even degree
deve™ defined as [Grana+Louis+Waldram'06; Benmachiche4+Grimm’06],

Peven — eP2 A Crp + ie_(bRe(eB?JriJ) =7+ G vy +To o°

Generic form of Kahler potential K and the superpotential W at tree level are:

K=—-In(-i(t—7))—In <—i/XQ3/\Qg> —2InVg

W:/ [F+D<I>§”€"] /\(23:/ [F+TH+ waGaJrQO‘Ta} N Q3.
X 3 X 3
where D=d+ HAN.—w<d.4+Q>.— Re

® The N =1, F-term scalar potential: V = e& (Kﬁ (D;W) (D> W) — 3 |W|2).
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Some ingredients of Type IIB — T°/(Z, x Z,)-orientifold

® The two Z2 actions along with the holomorphic involution are defined as:

0: (21, 22,23) — (=21, =22, 23), 0: (21, 22,23 — (21, ,—2°)
I : (Z17Z2723) - (_Z17 _227 _23)7

The complex coordinates z;'s on T6 = T? x T2 x T? are defined as

21 =:c1—|—U1332, 22::C3+U2:c4, z3:as5—|—U3:c6; U, =u; +1v;
Now choosing the following basis of closed three-forms as
ag = dzt Adx3 Adad, B0 = dx? Adx* A dxb etc. with [ar N B =617, the
holomorphic three-form Q3 = dz! A dz? A dz3 becomes:

Q3 = ag + (U181 + U282 + U3B3) + U1 U2U3B° + UsUsay + U1Usas + U Uszas

® The (string frame) internal metric g;; is known:

11 t1v1 tl(u% —+ ’U%) to tov2
g11 = —, gi2 = ——— =g21, g22 = , g33 = —, g34 = — = g43,
ul ul ul u2 u2
2 2 2 2
g4a4 — y 955 — —, g56 — — = g65, g6 — .
u2 us us us

® Explicit Flux/moduli components are known.

® Expressins for K/W are known in terms of Flux/moduli components.
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Step 1: Inclusion of standard H; and F; fluxes only

The total F-term scalar potential can be rearranged into the following form
[Taylor+Vafa' 99; Blumenhagen—Liist+Taylor'03]:

Ve =Vun +Vrr+ Viur

S 1 —
where Vi = 1V [ Hijk Hirjrir 95 95 9%’“}
1 1 — T kk’
Vrr = 1sVg fzgkf 7'k’ gE gE gE
1 1 — . _
Vur = (=2) x | = X = Hijk Sgklmn Flmn = Tadpoles
4VE 3!

eijklmn o eijklmn

JIsEl  VE

Dimensional oxidation: With this ‘suitable’ rearrangement of F-term scalar potential, we

® Orbits: Hijx = Hijk, Fijk = Fijk + Co Hijg: Sgklmn _

can anticipate the well known 10D piece in string-frame given as,

1
S = §/d10:c\/_—g (/;HH +£ﬁ)
=29 M1 __ _ RV 11— R
(&
Lnn =—— {gHijk Hirjrw 97 g7 g** ]7 Lrr=—7 {g}_ijk Firjiw 9°° g7 g**
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Step 2: Inclusion of (Hj, [3) along with non-geometric Q-flux
Motivated by [Villadoro + Zwirner'05]: inclusion of Q-flux on top of standard (H3, F3)
fluxes to seek for 10D action [Blumenhagen-+Gao+Herschmann + PS'13]

VF=Vun +Vrr + Voo +VHo + Vrr + VFg to

S 1 —
Vir = {—Hiij i g% ghd g’v‘é’“]

4Vg | 3!

Vrr = ! { ! Fijie Firjin gn g gkk ]
43VE J E E E

Voo = — {3 X (i@ﬁj 0, gE/gE-/g'fEk/) + 2% (iémm Q,™" gE/>]
45V 3! 1’957 2! ii

e o ()
HQ_4VE ol mni g/

1 1 1 g _
Voyr = — {(+z) x (— X — Hgjp EZRImn ]:lmnﬂ = Tadpole

4Vg 3! 3!
1 1 = E 1jklmn _
VjZ'Q = 4SVE |:(—2) X 5 X — Q’L fj/k/j Tklmn SE :| — T&dele

Bls: Qk[anZ]k =0= Q[EinZm]j' The new flux orbits are:

Hijre = hijk Fijk = fiji + C'0 hijk, Q) =QY,
h | 2 — tm ~(4)
where ik 17k > fzjk zgk"‘ Q lmjk]
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Modular completion

The four dimensional scalar potential generically have an S-duality invariance following
from the underlying ten-dimensional type |IB supergravity.

® This corresponds to a SL(2,7Z) transformation of various moduli/fluxes as under
[Aldazabal4+Camara+Font+Ibanez’06; Grimm’'07; Guarino+Weatherill’08],

b G? 1
T — aT + G — To — Ta — - (5’%0401) G“ Gb) y

cr+d’ cr+d’ ct +d
Co a b Co F a b F Q a b Q
— , — , —
B2 C d B2 H C d H P C d P
K 2 K 44
— e —leT+d|“ e, W — :  wehre ad—bc=1, a, b, ¢, deZ.
ct+d

® For the current purpose, we consider a simplified version:

a ~ a b
7’—)—37 (;a_>_(;_7 Ta%Ta_lliaabG G
T T 2 T

H—-F F—-H Q——P, P—-Q, w—w, R—R.

®  This leads to a modular completed form of superpotential is [Blumenhagen—
Font+Fuchs + Herschmann + Plauschinn + Sekiguchi + Wolf'15],

. . N 1
%74 :/ |:(F—|—’7'H) + we G* + (QO‘ —I—TPO‘) To — P“ (—/%aabGaGb)] A Q3.
X 2 3
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Step 3: Inclusion of S-dual pairs of (Hj, F3) and (P, ())-fluxes

Ve =Vun+Vrr+ Voo +Vpp+ Vo +Vrp+Vop +Vur+Vro + Vip +......

S 1 —_— o ’L’L/ Y /

1 |:§H7'.7k' Hi’j’k’ 9E g%}? g%k ] [Gao + PS/15]
1 1 - Y

4sVg {afijk Pt 9 ng‘? IE }

1 3 % l@ ij@/z”j/ E E _kk’ + 2% i@ ni@ mi’ E
45Vp gl k" =k Fii 9550 9E o1 =m = i
s 3 % if 7,373/7,3/ E E _kk' + 2 x if nzf mi' E

4V g1 kTR Y8550 9E o1 e S
1 1 — _ .
2) X | —Hmni l/mn 17
o |2 (R @emn ai)|
1 | 9 1 ? f mn it
v [T g Fmme P 0k
1 T 9 1 = v/ E E gigklmn l .= iy E E
1 1 1yklmn
T (+2) x 31 X = Hiik Ep Fimn | | = Tadpole
FE .
1 1 I — o — ijklmn _
ypEye [(— ) (5 X o Q1 k ik Tlgmn 5E7 )] = Tadpole
S 1 1 — 7 — ijklmn
e [(—2) X <5 X 5737;3 k Hjrgr b Eq 2] = Tadpole.
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Step 3: ..... continued

The new generalized flux orbits becomes: [Gao+PS’15]
Hije = hiji Qk—q3+0 pk ;
Fijk = fijk +Co hijk , 77;7;‘7 —Pk ,
where  Pijk = (ij + g P lmCz(f?L)gk]) - ik = ( ik 5 Q %lmcl(i)ak])
g7 = QY py = P/

Observations to appreciate:

® The modular completion of flux orbits is manifest.

® The topological piece in the rearrangement reproduces the 3/7-brane tadpoles

(subject to satisfying certainties Bls).

® In the usual flux orbits (H, F, Q, P), we know that tadpole terms are: HF = D3,
FQ/HP = D7/NS7, and (HQ + FP) = I7 as Cy eight form triplet (C(®) |
C®)  C’(®) transforms as C(8) — —C®) C®) — _c®) ¢'®) - _'(®),
Without using flux orbits, its hard to guess the 4D tadpole terms of especially for

I7 as it involves a pre-factor Cp/s.

All the three types of 7-brane tadpoles are clubbed into (Vro + Vp) pieces
(in the new rearrangement) subject to satisfying a set of Bls.

The story so far has been without odd moduli !
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Counting of terms for searching the rearrangement

Fluxes Vr | Viin | VF— Viin || Vb =Vp + Bls (VF + VD) — Viin
turned-on (to be removed by Bls)
H 152 152 0 0=0-+0 0
F 76 76 0 0=0+0 0
Q 1059 891 168 48=0+48 120
P 2118 | 1782 336 96=0+96 240
H, F 361 353 8 8=8+0 0
H,Q 1814 | 1478 336 96=0-496 240
H, P 3068 | 2684 384 144=48+-96 240
FQ 1534 | 1342 192 72=24148 120
F P 2797 | 2293 504 144=0-+4144 360
Q, P 6897 | 4857 2040 312=244-288 1728
H,F,Q || 2422 | 2054 368 128=32196 240
H F,P 3880 | 3320 560 200=56-+144 360
H,Q,P | 8450 | 6194 2256 408=72-336 1848
FQ,P || 7975 | 5743 2232 384=481336 1848
H,F,Q,P || 9661 | 7205 2456 488=152+336 1968
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Step 4: Comments on including all fluxes [PS’15]
Now, let us reconsider the three-form appearing in modular completed superpotential W

. ~ A 1
|:(F + TH) + wa G* + (Qa + Tpa) To — P¢ (5’%aabGaGb>:|
3

_ {(}_k —|—875ak0a> ny (SHk _ QakUOé)} A, + [(]-“k -|-S75ak0a> + 1 (sHk - QakUQ)} Bk

where Hk: — hk: : Qak — qak + CO f)ak : jz-kz — fk 4+ CO hk: : Pock: — f)ak :

A 1 - 1
h* = [H"“ + (wa " b)) 4+ Q*F (5 &aabb“bb)} + {P@k (ﬁ@ = El%aabcabb>:|
k k k a ok 1 ~ a b ok ~ 1 ~ a1b
f% = | F" 4+ (wg"c®) — P EﬁaabCC + | Q pa+§/£aabcb

Uak = wak = wak + Qak(d_l)gkéabbb_ p@k(d_l)iiﬁab e

N———"
[

~ak A ~ ak ~
a = Qal?’ p” — per 2,1 k_ x_ (1+I71?) g
Flux components with even-index K € A} are: R™ =r" = R

S
N ~ ) 1. 1.
UaK — (:JQK — (:JQK . (d—l)ba kaac (Qbec . PbKCc> +f_1 RK <§kaab b bb + Ekaab @ Cb>
an — QaK . f—lRK ba) paK — PaK —|—f_1RK @
Thus: hk N fk, fl-c N _hk:7qozk N _ﬁak) f)ozk N qak) an N _paK,paK N an
k

while all even/odd components of new geometric flux (wa¥, &4 ) and non-geometric

flux r® are self S-daul. Qtrine Pheno 2015 TET Madrid o «u/is



Summary and Outlook

In the context of type IIB flux-compactification on a toroidal orietifold, we have

presented some ‘suitable’ rearrangement of the four dimensional scalar potential

which helps in dimensional oxidation of various pieces into ten dimensions.

This has been done in an iterative manner as:

Without odd moduli: Type IIB «— T /(Z2 x Zs)-orientifold

Step 1:
Step 2:
Step 3:

Step 4:

include H3 and, F3 fluxes.
include Hs, F3 and () fluxes.
Modular completion: include (Hs, F3) and (Q, P) fluxes.

Comments on all fluxes (with odd moduli).

In the process, we have invoked a modular completed version of the new

generalized flux orbits.

It will be desired to test the new generalized flux orbits via taking a more

fundamental route such as DFT compactification on CY.

Strine Pheno 2015 TFT Madrid . 1=/1%



	small Motivation
	small Plan of the talk
	small Plan of the talk
	small Outline and summary
	small Relevant Ingredients of type IIB orietifolds
	small Some ingredients of Type IIB $hookrightarrow {mathbb T}^6/({mathbb Z}_2 	imes {mathbb Z}_2)$-orientifold
	small {color {blue}Step 1:} Inclusion of standard $H_3$ and $F_3$ fluxes only
	small Step 2: Inclusion of $(H_3,F_3)$
along with non-geometric Q-flux 
	small Modular completion 
	small Step 3: Inclusion of S-dual pairs of $(H_3,F_3)$
and $(P, Q)$-fluxes
	small Step 3: .....continued
	small Counting of terms for searching the rearrangement
	small Step 4: Comments on including {color {blue}all} fluxes [{color {red} PS'15}]
	Summary and Outlook

