H=F), Wakayama: November 07, 2011

Osaka Camp at Kimiidera (#2




Contents

& Introduction

& Compactifications

8 4D N = 2 Gauged SUGRA from 10D type IIA '

.;‘,/

® Vacua
& Black holes ]

& Current Issue




Our goal

We are looking for the origin of 4D physics

- Physical information ~
e Particle contents and spectra
e (Broken) symmetries

e Potential, vacuum and cosmological constant

String theory is one of the candidates, though it is defined in 10D.

Extra dimensions (10 — 4 = 6) play a significant role.
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From 10 to 4

In the present stage, we have not understood yet

how to extract the “special directions 4D from 10D

However, we can investigate physical data
of low energy effective theories reduced from string theories

under a set of assumptions.

v/ 10=4+46 with 4 = (A)dS or Minkowski ; 6 = internal
ex.) /N =2SUSY

v/ gauge interactions

. other configurations can be also considerable.
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If N> 4, matter fields take values in adjoint repr. of gauge symmetry
N =1 system is not subject to tight restrictions (just Kahler)
N = 2 system has mathematically rich structures (suitably tight)

controllable!!

Partial SUSY breaking scenarios from A/ = 2 to N/ = 1 is now being investigated
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HOW 4D A/ = 2 from 10D ?

Start from type II string theories (32 SUSY charges)

Compactification of 6D space vs 4D brane world

w W W

1/4-SUSY preserving: Calabi-Yau manifold and its generalizations

(cf: torus T preserves all SUSY — 4D N = 8 theory)

However... Calabi-Yau is not enough!
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Beyond Calabi-Yau

Beyond Calabi-Yau

Why beyond CY in 10D Strings?
|

Back-reactions to CY caused by matter fields!

1. CY with fluxes — 4D ungauged SUGRA
— break 10D Egs. of Motion
2. non-CY with fluxes — 4D gauged SUGRA
non-CY: SU (n)-structure with torsion, generalized geometry, etc.

gauge fields, matter fields, gauge coupling const., mass parameters...
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Calabi-Yau compactification in type ITA

- Calabi-Yau 3-fold Mcy ~

Ricci-flat, torsionless, (compact) Kahler manifold

with SU(3) holonomy group

dsiop = Muw(®) dzt dz” + gpmn(z,y) dy™ dy”
4D Y

Invariant two-form J and three-form €2 on CY w.r.t. Levi-Civita connection:

AJ = Vipdpp) =0 dQ =V Qppe = 0
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Flux compactifications in type IIA

- non-CY 3-fold Mg ~

vanishing Ricci 2-form, torsionful, (almost) complex manifold
with SU (3)-structure

dJ #0 and/or dQ2#0

3 — _
dJ=§Im(Wlﬂ)—|—W4/\J—|—W3, dQ=WHJANJ+Wo ANJ+ W5A)
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Intrinsic torsion classes of SU(3)-structure manifolds

3 — _
dJ = §Im(W1Q)—|—W4/\J—I—W3, dQ = WiJAJT+WoANJ+ W5AS

hermitian Wi =Wy =0
balanced Wi=We=W,4=0
complex special hermitian Wi =Wo =W, = W5 =0
(1/4-SUSY Minkowskiy 3) Kahler Wi=We=W3=W,=0
CY Wi=Wo=Ws=W,=W;5;=0
conformally CY Wi =Wy =W3=3W,+2W5=0
"""""""""""""""""""" symplectic Wy =Wy=Wy=0
nearly Kahler Wo=W3=W4=Ws;=0
almost complex almost Kahler Wi=W3=Ws=W;=0
(1/4-SUSY AdS,) quasi Kahler Wiz =Ws=W5=0
semi Kahler Wi=Ws5=0
half-flat ImW), =ImWy =W, = W5 =0
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Flux compactifications in type IIA

Non-vanishing (d.J,d{2) are parametrized by coefficients of the “non”-closed basis forms:

) gl N ex] mAl A
NS-NS Qg enr mhy WA

> QT Z_|_

eol,eor:  H-flux charges (H" = —eplar + eor87)
el eqar:  geometric flux charges (torsion)

m™, mA;: nongeometric flux charges (magnetic dual of ex?, exr)

F=Fo+Fy+...+ Flo=ePG  with self-dual cond. F = \(+F), AF,) = (—)'F1E,

LG = (G} +GY+GY)ws — (Goa + Gop + Gan) T
—|—(G{ + Gé) ar — (Gir + Gsg) ﬁI

G4 = ph, Goa = qn — Elenr + Eren!

c= (p*, qa)":  R-R flux charges (p°: Romans' mass)

Tetsuji KIMURA : Flux Compactifications, N=2 Gauged SUGRA and Black Holes



Flux compactifications in type IIA

10D Type ITA (democratic) action SI(IliD) = Sns + Sk:

Sns + Sg = %/ 2¢{R*1+4dgb/\*d¢—1H3/\*H3} 1/[]?‘/\*]?‘]10

OO

AN

with “constraint F = A(«+F)" and “EoM (Bianchi) (d+ HA) «F =0 < (d — HA)F = 0"

l

AD N = 2 abelian gauged SUGRA with non-trivial scalar potential

(non-abelian gauge symmetries: Unknown yet)

~0=m’ =mh; = PA ~ —— 0=mr =mh N generic —————
Standard Gauged SUGRA Gauged SUGRA Gauged SUGRA
ny VM ny VM ny VM
ny HM ny HM ny HM
1 UHM 1TM nt TM
[hep-th /9605032] [hep-th/0312210] [hep-th /0409097]
. J U J U J

Some of {a,gf,%}} are dualized to 2-form fields caused by magnetic charges {p*, m*;, m*1}:

[hep-th/0701247], [arXiv:0804.0595]
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Scalar potential

Flux compactifications in type IIA

Vs = —2g%* [ﬁﬁ Q" My QI + Iy Q My Q™ Iy + 4IT] Cf QT (ILVITy + IITY) Q Cy HH}
1 - _
Ve = —5 et (c+ Q€)M (c+ Q)
3
Vis+ Ve = Vi = e2[4hyok B+ (G DaP.DyPs — 3|Puf?) | (abelian : i = 0)
r=1
4 4 N
_ Kv/2( v A T _ Kn/2(7I o N\T
My = V(XA Fy) P, = 2e?Ily QChIly HH_? H/ (Z,QI)
fa:Xa’/XO - L zz:ZZ/ZO
7)_ — 2690 HV Q CH HH .
a=1,...,ny - N 1=1,...,ny
SKGy of vector-moduli Ps = e*Ily Cy(c+ QF) SKGH of hyper-moduli
(1 —Re/\/> (Im/\/ 0 ) ( 1 0) Fa = NasnX*
MV,H = _1 where B
0 1 0 (IH]N) —Re./\/ 1 V.H Q — C\’;‘QCH

Cv y: symplectic invariant metrics
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4D N = 2 SUGRA

& In 4D N =2 ungauged SUGRA —— No scalar potential

(Extremal) charged Black holes in asymptotic flat has been investigated
Charges = series of D-branes wrapped on cycles in CY

& In 4D N = 2 gauged SUGRA —— Scalar potential is turned on

Cosmological constant appears as VEV of scalar potential

Beyond Calabi-Yau | Torsionful Manifolds / Generalized Geometries / Doubled Geometries

TK's recent works on type II: [arXiv:0806.1783], [arXiv:0810.0937], [arXiv:1005.4607], [arXiv:1108.1113]
on hetetoric: [hep-th/0605247], [arXiv:0704.2111], [arXiv:0905.2185], [arXiv:0912.1334]
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Example of Non-CY: coset space G5/SU(3)

Go

Coset space W(S)

D. Cassani and A.K. Kashani-Poor [arXiv:0901.4251]

v/ nearly-Kahler (almost complex geometry)
v NSNS-sector : torsion and H-flux

v RR-sector : 2-, 4-form and Romans’ mass (0-form)

v 1 UHM (no other HMs)

nilmanifolds and solvmanifolds: M. Grafa, R. Minasian, M. Petrini and A. Tomasiello [hep-th/0609124]
coset spaces with SU(3)- or SU(2)-structure: P. Koerber, D. Liist and D. Tsimpis [arXiv:0804.0614]
a pair of SU(3)-structures with (m™!, m?;): D. Gaiotto and A. Tomasiello [arXiv:0904.3959]

Tetsuji KIMURA : Flux Compactifications, N=2 Gauged SUGRA and Black Holes


http://arxiv.org/abs/0901.4251
http://arxiv.org/abs/hep-th/0609124
http://arxiv.org/abs/0804.0614
http://arxiv.org/abs/0904.3959

Geometric flux compactification in type ITA

G2
U(3)

with fluxes

10D type IIA on S
4D N = 2 abelian gauged SUGRA with B-field (A =0,1 and £0 = (¢9,&)7)

1 1 1 _
= / [§R(*1) + §,LLAEFA/\*FZ -+ 51//\2}71\/\17'ZJ — gt{dt/\*dt

—4p e2¢

—dpAsdp — S—dB A +dB — 7(1)50 A *DE® + DéEy A *Dgo) + dB A £ dE,

1
+ dB A (eRA — erfo)AA — —mﬁeRAB/\B -V (*1)]

2
4 N
° gu t BW ©; (ea? eno) : NS-NS sector Precise data on Go :
o AA €0 & (m&, erp) : R-R sector SU(3)
e GM: (gW,Ag), VM : (A%, t), UHM — TM : (¢, Buw, €2, &0) e10# 0, md #0, erg # 0

o DEO=de0 — e 048, D& = d& — epgAdd
o Fy=dA¥ +mgB; 1

0 0 mg = 0 = ey
® V(t7<707€ ) - VNS( 790) + VR(ta %5 )

o /

tas = ImNys, vay = ReNpy D. Cassani [arXiv:0804.0595]

GAO:OZGOO
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(Non)-SUSY AdS vacua

~Vacuum I : N =1

~
1/3 1/3
t, = _i1+ivl5[ 3 | €ro ]1/3 o _ 2 [2vV3mp(ero)’ exp(ps) = 41 Ve
* 2 5 (e10)? | mg T 5 5 e1p ’ " 3 | V3mY(ero)?
1/3
4
v, = 28| 5lew = Al <0
2 [2v3[mR(ero)?|
N J
~Vacuum II : N =0 ~
1/3 1/3
. 3 €RO ]1/3 0 |:9 mg(€R0)2] 2 25 €10
t, = (£1-1V3 Ce0 = |ZERERY () = -
( ) [5 (610)2 m% 5 25 €10 p(QD ) 3 \/§mg(eR0)2
1/3
y, = 80| 25(en) — AL <0
27 | V3 [m}(ero)?| -
o J
~ Vacuum III : N =0 ~
/3
] 12 €Rro ]1/3 0 [ Selg ]1
t, = —1 , . = 0, exp(v.) = Vb
[\/5(610)2 mQ : plp) 18 mi(ero)?
1/3
V. - _25\/5 5 (e10)? / — AL
i 6 [ 18|mR(ero)?| s
o _J
Note: m% > 0 : & is not fixed : AL < Al < AL D. Cassani and A.K. Kashani-Poor [arXiv:0901.4251
R c.C. c.C. c.C.
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Black hole as an application

Anti-de Sitter Black Holes in 4D N = 2 Gauged SUGRA

- Comments ~

= AdS-BH with naked singularity in pure AdS SUGRA
L.J. Romans [hep-th/9203018], M.M. Caldarelli and D. Klemm [hep-th/9808097], etc.

SUSY solution of rotating AdS black hole with regular horizon

15> AdS-BH with regular horizon in Gauged SUGRA with VMs (no HMs)

[hep-th/9903143], [arXiv:0911.4926], [arXiv:1012.4314], etc.
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Question

- Question <

How can we obtain AdS-BH solutions

with hypermultiplets?

— Setup and Result —

® 4D N = 2 gauged SUGRA with VM and UHM
from 10D type ITA on non-CY with fluxes
® Ansatze for matter fields

® Regular solution (AdS Black Hole)

TK [arXiv:1005.4607], [arXiv:1108.1113]
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Appendix

® Terminology
® Calabi-Yau compactifications in type IIA
® Geometric flux compactifications in type IIA

® Scalar potential

® Static AdS black hole



Terminology and formulae on special Kahler geometry

Prepotential :  F is a holomorphic function of X* of degree two (Fp = 9F/0X")

Kahler potential : Ky = —log [i(YA]:A — XA?A)]
"""""""""" Symplectic section : Ty = ¢ (X Y2 (I 1 = i@haa - Ta)
ymp vV = Fr ) =\ My ) A A
"""""""""""""""" e e 00, X
ahler metric 9.3 96 T v, = 5
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" o 10Kk [/ AN
Kahler covariant derivative v St + 5 Bt v ( has )
_ _ _ (ImF) ar XY (ImF)sa X2
Period matrix : Npas = Fax + 21 T (I F) o X e
Formulae My = NasL”  haa = Nasf>

_ _ 1 —ReN ImN 0 1 0
(Symplectic matrix) :  (My)ax = < 0 le > ( 0 (ImAN) 1 ) ( —ReN 1 )

I . Zi _ _
In a similar way... IIy = e’CH/2<Z ) 2' = — Kn = —log [i(ZIQI—ZIQI)], etc.
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Calabi-Yau Compactification in Type ITA

- Calabi-Yau 3-fold Mcy ~
Ricci-flat, torsionless, (compact) Kahler manifold
| with SU(3) holonomy group
N J

Invariant two-form J and three-form €2 on CY w.r.t. Levi-Civita connection:

dJ = Vipdnp =0,  dQ =V, Q0 = 0

This is suitable for 1/4-SUSY condition with vanishing background fields

10D
0susYVm+ = Vm €(j_u ) =0 ~
1) = et +(cc), ™ = P on? + (cc)
0
(D) =D 2y =pt2= | ] SU(3)-invariant C SU(4) ~ SO(6)
k
nb=ni=nt,  Joa~ F0 Ve, Q@ ~ =0 Yoy
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Calabi-Yau Compactification in Type ITA

NS-NS fields in 10D are expanded around CY :
o(z,y) = ¢(z)
. a . _7 X5 mﬁﬂﬁan
gmﬁ(xay) = 1v (37) (Wa)mﬁ(y)v gmn(xay) — 12‘7(56) <( J|)|g§|q|2 >(y)

AN

By(z,y) = Ba(z) + b*(z)wa(y)

R-R fields :
611(217, — A?(x>
Cs(z,y) = Af(z) Awa(y) + & (2)ar(y) — &r(2) B (y)
cohomology class on CY basis degrees
HOD Wq a=1,...,hLD
HO ¢ g1 wa = (1,wy) A=01,... ;LY dwp = 0 =da?
H(2’2) D H(6) (:V‘)A - ((:v‘}a? |§gi|) da;=0= dﬁI
HEZ Xi i=1,...,hD
H®) (o, B1) I =01,... A3
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Calabi-Yau Compactification in Type IIA

10D Type IIA action SI(IlgD) = Sns + Sr + Scs:

1 ~ 1~ ~
Sns = 5/e_2¢{R*]1—1—4d¢/\*d¢—§H3/\*H3}
1 ~ ~ ~ o~ o~ ~ o~ o~ 1 [~ ~ =
SR—|—SCS == —Z/{Fg/\*f;b—l—(F4—Cl/\F3)/\>I<(F4—Cl/\F3)}—Z/Bg/\F4/\F4

4D N = 2 ungauged SUGRA: Neither gauge couplings, Nor scalar potential

1 3 1 1
S(4D) — / {5 R*1 — Gz dt* A *dt® — hy, dg™ A xdg” + 5 ImAps B4 A+ F> + 5 ReNas F4 A FZ}

gravitational multiplet Gy AY

vector multiplet (VM) Ao o P t* € SKGy

hypermultiplet (HM) A EJ #* € SKGy

universal hypermultiplet (UHM) 0, a, £, & a < By (Hodge dual)

HM = Special QG

{¢*} = {7 + {6+ {p,a,8% &} = {7} +{o} + {a,&,&5}
dnp +4  2ny(SKGR) 214 4 (UHM) SKGy “Heisenberg”
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Geometric flux compactification in type ITA

10D type ITA action SI(IliD) = SNs + §R = Sns + Sk + Scs: (democratic form)

5 1~ ~ ~ 1 [~ =
Sns = 5/e—%{m L+4dp Asdp— sHy AxHy}, Sp = ‘g/ FAF]
with “constraint F = A(xF)” and “EoM (Bianchi) (d+ HA)«F =0 < (d — HA)F = 0"

l non-CY with SU(3)-structure with m3 =0

AD N = 2 abelian gauged SUGRA (with ¢/ = (¢! ¢,)"):

pvpo - o
S(4D) — /d4zz:\/_ [ R+ ImNAgFA FEHy _ g _ReNAgF/fngf, — 9,7 0, 0" — g5 0,2" M7
e?¥ Iyed e?¥ J
— qu?aMSO‘i‘ T(MH)IJDMS Dres — T(Dua — f (CH)IJDuf ) (t t, C])
4 N

° (eAI,eAI) : ge.ometric flu-x charges & era : RR-flux charges  honCY data
(with constraints ex’ex; — exzes! = 0)

o t%c SKGy and z' € SKGy € ‘HM are ungauged (in general)

e D=0, - €AIAA & Dufj ufl — €A1AA

° Dﬂazaﬂa—(ZeRA—ﬁ eAIJrerA )Aﬁ

e V(t,t,q): scalar potential D. Cassani [arXiv:0804.0595]
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Generic form of 4D N = 2 gauged SUGRA with B-field

Non-vanishing m4 dualizes the axion field a in standard SUGRA to B-field.

4D gauged action is different from the standard one:

1 1 1 - | _
S#D) — / [§R(*]L) - §ImNA2F5\ A*Ey + §ReNAgF2A AFy — gz dt® A*dt — gi;dz" A xdZ
S e?¥ I J
—dp A xdp — Hg ANxHgy — T(MH)UDg A *DEY — V(x1)

1 ~ 1
+§dB N [fI(CH)IJDfJ + (2era — ear + 516A1>A/1\] — §m/R\€RABQ A By

Constraints among flux charges:

I I _ A, T _ A
exn ey —earens = 0, mgep 0 MR EAT

Tetsuji KIMURA : Flux Compactifications, N=2 Gauged SUGRA and Black Holes



j Scalar potential

Scalar potential from (non)geometric flux compactifications:
3
Vo= o?[4hk R + Y (0 DaPeDgPe — 3/Pu?)| = ... = s+ VR (abelian: k§ = 0)
r=1
Vs = gagDaP_I_Dgf_F —+ gﬁDﬂ?JrDijr — 2’7D_|_|2
= —2 g2€2(’0 [ﬁa éT My @ Iy + ﬁ\T/ Q My QT Iy + 4ﬁ'HT CE QT (Hvﬁ\? + ﬁvH\'l;) Q Cy HH}

Vi = gD, PsD;Ps + |Ps?

1 ~ ~
= —3 g%e'? (era — earé! + ea’&r) (ImN) 7HA (epyy — exré! + ex’ér)
4 N 4
_ K A _ K
HV = ¢ V/2(X ’]:A)T P_|_ = Pl =F IPQ = 26(’0 H\? Q (CH HH HH - e H/2<Zla gI)T
ta:Xa/XO . T L ZZ:ZZ/ZO
P = P1—iPy = 2e?Ily QCylly ,
a=1,...,ny S N 1=1,...,ny
SKGy of vector—moduli/ Ps = e*IIy Cy(cr + QF) . SKGy of hyper-moduli

0 1 eal  ear ~ T mR
VA ( -1 0 ) ¢ ( mM mh; ) ¢ H@ Gy i ( ERA

Cassani et.al. [arXiv:0804.0595], [arXiv:0911.2708]
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; Flux Compactifications in Type ITA

Coset spaces with SU(B)—structure: D. Cassani and A.K. Kashani-Poor [arXiv:0901.4251]

Mo 55(23) =5 S(U(gff)(](l)) —cr U(SUx(g(;(n = F(1,2:3)
SM = SKGy S(z]fé’)” ¢ (S(é((i’)l)y ot (S(zjf((ll’)l))g ot
u-sas | SUED uww SUBD ppy | SUGD gy
Sewenm|  o— 0 o— o
matters | 1 VM + 1 UHM 2 VM + 1 UHM 3 VM + 1 UHM
I 1 Xexbxe

Each SKGy has a cubic prepotential: F = ?dabc %0
nilmanifolds and solvmanifolds: M. Grafa, R. Minasian, M. Petrini and A. Tomasiello [hep-th/0609124]

coset spaces with SU(3)- or SU(2)-structure: P. Koerber, D. Liist and D. Tsimpis [arXiv:0804.0614]
a pair of SU(3)-structures with (m™!, m?;): D. Gaiotto and A. Tomasiello [arXiv:0904.3959]
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s Consider spacetime metric (extremal, static, spherically symmetric — AdS, x S?)

ds? = —e24(Mqi2 + 624 qp2 4 2012 (d<92 + sin” @ dqﬁz)

15> Define electromagnetic charges

A 1

47'(' S2

p FéAv qA

1 ~
— | F
A /52 A

1

115—5

AZ(

[ AMiasp® 4 (qa — varpt)(u )

g — VEAPA)]

Frs = vasF5 + pas(*F>)

1= Impose (covariantly) constant condition

0 = auta 0 = (%gp, 0 = Duf()) 0 = Dugo’ 0 = a[MBVP]
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Equations of motion

The equation of motion for g, :

2co

€ 2

5gtt - 5.9?“7“ ;@200 = 2 (017“ + 1)
4o 61 —e*2(cr + 1

dgeo, 5g¢¢ . @2A(r) — g4e 262(617“(4—11)2 ) [(617“ + 1)3V + 661{CL1 — Cla2(617“ + 1)}]

1
1
0 rr - — 2c2
? T a)”

C'(r) and A(r) are expressed in terms of I1, V' and constants of integration {a;, c;}

e~ 2c2 2a ede2] |4 2 Z2 A
eQA(’f’) — 5 — 1 + . 1 S - 2(617“ 4 1)2 = 1_ Ui 4 _— cc. 2
(Cl) C1 (Clr + 1) (Cl) (Clr + 1) 3(61) T new r

new

3 Tnew

Choosing ¢17 + 1 = rpew (and ¢; = 1), we can read the Black Hole information:

e"2¢2=1: scalar curvature of S? a1 =1n : mass parameter

I, = Z? 1 square of charges V =A.. : cosmological constant
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Equations of motion

The equations of motion for t, ¢, £° :

6_4C811 oV oV 01
5 = =~ =0 and = =0
e e TR T T ot
1
dp: 0 = 2Vys + 4VWr — V= Ws+ W = §VN5 = —R
oV 8VN{ VR oV
(5 0 . 0 = 0 = — t |
& 350 /{5{50 850 ( PYs IS trivia >
- Regular Solution ~
0 . _
{ta 5 » P V}BHS — {t* - P 3 Acc }Vacua
constant in whole region
N Y
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Equations of motion

The equations of motion for t, B, :

ot : O:e;ic%ltl—kaa—‘t/ — %—Y—Oand%zo
0B,,: 0 = mQuAg(@eme&m) + mR I/AZF — (eRA—ergo)FA
and 0 = D,& — 0 = [0,,0,]& = enn FD
with Ff, = p'sing, F) = ! (b (g5 — vserp")

Solve them to find an appropriate BH charge configuration
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AdS black holes

It turns out that all the charges are zero : p* = 0 = ¢a (highly non-trivial)
L =22 =0, F) =0

v 0= Fﬁy = 23 Al —|—Q?LXBM,, e Al = Oy 0 (gauge-fixing)
v 0= F), = 20,4, +mgBu, — 20,A), = —mgB,, = (constant)
v 0= D,ugO = aug()_%Ag_GN% = a,ugO (. QOOZOIA}L)

vV Ao =V <0

7 = a is still arbitrary

Schwarzschild-AdS Black Holes
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® Black holes from CY :

2
ot

Value of vector modulus t is not fixed at infinity — attractor mechanism

= 0

BH charges govern value of fields at horizon

BH mass is given by BH charges

® Black holes from non-CY :

ov. o,
a—o and E—O

Value of vector modulus t is (mostly) fixed at infinity — moduli stabilization

BH charges are governed by geometric- and RR-flux charges

BH mass is arbitrary
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(covariantly) constant solutions — all the charges are zero!

In order to find a black hole with non-trivial charges,

the covariantly constant condition must be (partially) relaxed.

cf.)

Gauged SUGRA without hypermultiplets «— Fayet-lliopoulos parameters can be involved

There are charged black hole solutions with constant scalars.

Bellucci, Ferrara, Marrani and Yeranyan [arXiv:0802.0141]
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http://arxiv.org/abs/0802.0141

Fin.



