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Introduction

Charged Black Hole Solutions in 4D N = 2 Gauged SUGRA

#3 WHY N = 2 (8-SUSY charges)?
v Scalar fields living in highly symmetric spaces

v Flux compactification scenarios in string theories

#3 WHY Charged Black Holes?
v Attractive: 4D N = 2 SUGRA C Einstein-Yang—Mills-Matters

v Non-trivial: if there exists the cosmological constant with matter fields
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Introduction

Flux Compactifications beyond Calabi-Yau

Why flux compactifications beyond CY in 10D Strings?

1. CY — 4D ungauged SUGRA
— Fluxes break 10D Egs. of Motion
2. non-CY with fluxes — 4D gauged SUGRA
non-CY: SU(3)-structure with torsion, generalized geometry, etc.

gauge coupling constants, mass parameters...
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Introduction

& In 4D N = 2 ungauged SUGRA —— No scalar potential.
(Extremal) charged Black holes in asymptotic flat has been investigated.

Charges = D-branes wrapped on CY: “D0-D4", “D2-D6", “D0-D2-D6", etc.
(Hypermultiplets are decoupled from the system.)

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

The cosmological constant A is given as VEV of the scalar potential V.
(“mass deformations” of gravitini)
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Introduction

Anti-de Sitter Black Holes

—— Remark: Naked Singularity appeared in SUSY charged AdS BH solutions. ————

1= Pure AdS SUGRA (only gravitational multiplet):

L.J. Romans [hep-th/9203018], M.M. Caldarelli and D. Klemm [hep-th/9808097], etc.

There exists a SUSY solution of rotating AdS black hole with regular horizon.
= Gauged SUGRA with vector multiplets (without hyper-sector):

W.A. Sabra, et.al. (electric charges [hep-th/9903143], magnetic/dyonic charges [hep-th/0003213]), etc.
1= Found SUSY AdS-BHs with vector multiplets (without hyper-sector):

[arXiv:0911.4926], [arXiv:1011.2202], [arXiv:1012.3756], [arXiv:1012.4314], etc.
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Introduction

r Question N

How can we obtain charged BH solutions with hypermultiplets

in asymptotically (non)-flat spacetime?

— Setup and Result —

10D type ITA string on non-CY with SU (3)-structure
4D N = 2 gauged SUGRA with VMs and UHM

Impose covariantly constant condition on matter fields

Regular solutions!?

(U)JHM:  (universal) hypermultiplet
VM: vector multiplet
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® 4D N = 2 Gauged SUGRA from 10D type ITA
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From now on, you meet a tremendous humber of equations..

Ready?



4D N'=2 SUGRA

Supersymmetric multiplets in 4D N = 2 SUGRA:

(4D, curved)
(2) R-symmetry)

qw

1 gravitational multiplet: {gW,A?L,%DAu} ffl::

ny vector multiplets:  {Af, t* D a=1,...,ny

t* in special Kahler geometry (SKG): SM

u=1,...,4ny+4

ny + 1 hypermultiplets:  {q%, (.} 01 2np + 2

q“ in quaternionic geometry (QG): HM

Two moduli spaces SM and HM govern 4D N = 2 SUGRA.

Both are highly understood in a mathematical sense.
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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 ]16 ) ( 0 (ImAN) 1 ) ( —ReN 1 )

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

10D type ITA action SUS) = Sys + Sk + Scs:

1 ~ J N ~
Sys = 5/e—%{R*11+401¢A*d¢—§HgA*Hg}
1 ~ ~ ~ o~ o~ ~ o~ o~ 1 [~ &~ =
SR‘|‘SCS = —1/{F2/\*F2+(F4—01 /\Fg)/\*(F4—CJ /\Fg)}—Z/Bg/\F4 /\F4

lcy
AD N = 2 ungauged SUGRA: Neither gauge couplings, Nor scalar potential

11 ehvpo =
D) _ 4 A Suv A % _ b
G(4D) — /d x\/—¢ [§R + ZIHJNAZFWF Hy 8\/_—gReNAZFWFpa — g5 Ot 0"t — hyy 0, 0 Q"
gravitational multiplet Gpuws AY
VMs Ao to t¢ € SKGy _
S~ ) mirror dual: SKGy < SKGy

HMs 24,70, E & 2' € SKGy
UHM 0, a4, & a < By Hodge dual

HM — Special QG

{} = {7 + {€.6+{p.a. %) ={2 7 +{p}+ {a,¢,&5}
dny+4  2ny(SKGR) 2nH 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)
]_ oy ]_ A~ A~
Sne — _/e—2¢{R 1+ 4do A xdd — =Hy A *Hg}
2 2
~ 1 ~ A ~ ~ ~
Sp = —§/ [F A *F] 10 with self-duality of F', and EoMs for F}, and B,

l non-CY with SU (3)-structure
AD N = 2 abelian gauged SUGRA (with ¢/ = (¢! ¢,)"):

. ReNasFAFE — g -0 e — Gi7 0,207

8 /—_g uv= po ab ~H 1

—0,,pO* eﬁM DID“J—@?—SOD — DN -Vt
LpOH o + 2( H1gD,& DHE 4( w0 — & (Ch)rgD ) (t,t,q)

1 1
SWD) — /d4a:\/—g liR + ZIm./\/'AgF;}VFEW —

4 N

° (€AI,6AI) ; gelometrlc flu.x charges & era : RR-flux charges —  non-CY data
(with constraints eyes; — epres! = 0)

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

o D=0, —e AN & Du&r = 0,81 — epsAd

o Dya=0,a— (ZGRA—SIeAIJrgIGAI)Aﬁ

e details of V(t,t,¢q) in the next slide.. D. Cassani [arXiv:0804.0595]
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Scalar potential

Scalar potential:
Vo= g? [4huvk“Ev 30, (g“gDanDgﬁv - 3|7?x|2)] = Ws+ Ve (abelian: kf = 0)
Vs = ¢°°D P+ DPy + g7 D;PyD;Py — 2|Py |
— 9% [ﬁ’,ﬁ“ Q" My Q Iy + TIY Q My QT Iy + 4TI CF QT (I ITY + THI1Y) Q Cy HH}
Vi = ¢D,PsD;Ps+ |Psf?

1 _ ) _
= —= g% (ern — enof® + ) (ImN) A (ers — ex0€” + ex°6p)

2
4 I, = Ky/2 XA F)T T I, = ICH/Q(ZI G )T
v =eVE(XR Fy) P, = Pi+iPy = 2e¥IIY Q CyIl4 H=¢€ (,) I
¢ = X/ X0 — *=77
/ P_ = P1—iPy = 2e¢¥Il; QCyully . /
a=1,...,ny ) - N 1=1,...,ny
SKGy of vector-moduli ) Ps = el Cy(c+ QF) S SKGy of hyper-moduli )

0 1 eal ear ~ - 0

(This can be generalized more..., skipped!)

Cassani et.al. [arXiv:0804.0595], [arXiv:0911.2708]
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Equations of motion

1 . - o -
R, — §R Gy = —gWIm/\/'AzF;},FZpU ImNAzF 2 9" — G gagaptaapt” + 29,7 0,0 — g, 950,72 0°F + 2gi5 0,20, 7

e~ =

e2¥

5 —— G (M) 1y DT DPET — 2 (My) 15D, D, &7

—Yuv 8p§00 @+ 28;19061/%0 +

e4go 4<p

g (Dpa = €1CuraD,e7) (D70 — €1 (Cu1a D7) + - (Do — €1 (Cu)raD,g” ) (Do — €1(C)1a DT ) = gy V.

0 = ﬁau(F TNy F27 ) ;’;p_ u(ReNAsF) = ¢*(D7a — € (Cu)1s D7E” ) Gon + (M) g D77 U
0 = \/L—gau <\/_99cb 9", tb> y ) (IIBLJ/(\CfAE)FAVFEW B g’“\;’i_"a(Raei\cfAz)F:}VFﬁ B %qab 00" — Z_tv
0 = % (V=997 0,0) + e (M) 1D D1 — et (Dua—sf(chDu&J) (Da -l (CuuiDre’) - 5.
0 = 0[S v (Dra— €T et)].
0 = L0 (vg W D.eT) + <0, G v (D - (e )H
edy

+55- (D — 1€ DE”) D (e + (9V/065) .

too hard to solve... @
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We have to introduce ansatze to solve the Equations of Motion.
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Covariantly constant condition

e Asymptotically flat BH in ungauged SUGRA (10D type IT on CY):

— (non)-BPS solutions with constant vector moduli
e Asymptotically AdS BH in gauged SUGRA without HM:

— non-BPS solutions with constant vector moduli supported by FI paramters
e Gauged SUGRA with “constant” VM and HM:

— EoMs are not gauge invariant (ex: D, ¢! = 0.7 — eplAD)

l

1. Impose (Covariantly) Constant Condition:

0 D¢

D,

o7 0

0,2" 0

D, & 0

0

d,p 0= Dya 0=D& 0

2. Focus on systems with VMs + UHM (i.e., absence of {2, 2/, fi,gj} € SKGy part)

Tetsuji KIMURA : AdS Black Holes in 4D N=2 Gauged SUGRA



Non-CY coset spaces with SU(3)-structure: D. Cassani and A.K. Kashani-Poor [arXiv:0901.4251]

G Se . SUe)
Mo SUB) | SU@xU@)] | UM xUQ)
(nearly-Kahler) ! (half-flat) ! (half-flat)
B SU(1,1) ., | (SULINE o ¢ (SU[L NG
SM = SKGy s ( T ) . st ( T ) . stu
SU(2,1) SU(2,1) SU(2,1)
_ HM HM HM
HM = SQG 0@2) U 0@) U 0@) U
SKGy C HM _ _ _
matters IVM+1UHM | 2VM +1UHM | 3VM + 1 UHM

1 Xaexbxe

5 dabc XO

Each SKGy has a cubic prepotential: F =

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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Reduced equations of motion

1 1
R, — §R Juv = ZguVImNAEFpl}szpa - ImNAEFI?PFEU 9" - G V'

0= L9 (\/— T\, FZ“") Ty (RN FZ) e
_\/_—gpb g AY 2\/_—gu eAEyp— 2\/_—guAVp7
O _ la(ImNAZ)FA FE:U'V_ GMVpU a(ReNAE)FA FZ . 8‘/
4 Ote ad 8/—g  Otc pY= P o’
1%
0= -2
Oy’
SV v
9% agy
GAuu = T_geuypa(ImNAEFEPU) +R6NA§;FE
A 1 0 1 -1 0
W (2)- () w- (3 1) e (34
P, = —2e9LMepg +ien?), Py = —2eLAepg —iep?), P3 = e2‘PLA(eRA—eA0§O+eAOa)).

Quite easy to solve in an appropriate metric ansatz! @
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Static metric ansatz, charges, and symplectic invariant

Assume 4D spacetime metric in the following static form:

ds? = —e2A g2 4 240 g2 4 ¢2€(1) 2 (d6’2 + sin” @ dgbz)

Define electromagenetic charges of the system:

/ Gaz  (electric charges)
S

2

gAa

= /Féx (magnetic charges)
S

2
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Static metric ansatz, charges, and symplectic invariant

Configuration of the gauge field strength:

e—QC

Fé;b = pAsinﬁ, F,f}n = — (ImN)_llAE[qz—ReNEFPF]

72

Energy-momentum tensor of the gauge fields is given by

1
pr = Zguy III]NAE Fé},FZpJ - ImNAZ FZLXPFVEG gpa
, o—4C )
=T = -1 = -T,% = —hp,atY
_ 1 p>
1 1) = —=(pt M
1(p7Q7 ) ) 2( 7QA)( V)AE(QZ)
1
— —5 [(C]A — ReNArpF> (ImN)_1|AZ (qz — ReNz;A pA)}
- J
In addition, parts of EoM for t* are rearranged to
la(ImNAE)FA FEH’V . EIM/PO' 8<ReNAE)FA FZ _ _6_408[]_
4  Otc Hy 8/—g  Ot¢ py=po rd  ote

I(p, q; t,t): called the “First symplectic invariant”
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Reduced equations of motion

The Equations of motion are rewritten as (=)

1 2 —4C
Sgre: 0 = A5 (1— e 2O L Z(A 130 + C'(2A" +3C") + 20" | + L + V
72 r ré
arl N 2 e 4¢
Sgrr: 0 = & ﬁ(l — e HATO)) 4 ;(A’ + ')+ C'(2A" + C’)} +—nL+V
L T
A2 e—4C¢
6g00,09ps: 0 = € ;(A’ + O +2(AV +C'(2A + C') + A" + C”} ——h+V
e 409, OV ol oV
5. 0 = =0 = —
M oe o Dt Dt
1
5g0: 0 = 2VNS‘|‘4VR — V = §V|\|5 = —VR
5% 0 = e*epno(ImN) A [ery — ex0l” + ex” go] — ey — exof’ +ex’) = 0
56 : 0 = —e"epO(ImN) A% ey — exo€” + ex’ &

We can solve C(r) and A(r) in terms of I7, V' and constants of integration.
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Spacetime configurations

We can solve C'(r) and A(r) in terms of I;, V' and constants of integration {a;, c;}:

ds? = —e*Ade2 + e 24 dr2 4+ 2907 2 (462 + sin® 0 d¢?)
e2c2 2
2A(r) e 2a, n 2]y 4 (17 +1)2 1 2n n 22 A,
© = — — c1r = 11— — =T
(c1)?2  cileir+1)  (c1)2(eir+1)2 3(c)? Toew T2y 3 "W

Choosing ¢17 + 1 = rnew (and ¢ = 1), we can read the “Black Hole” information:

—2c2 = scalar curvature of S?

e
a1 =1 . mass parameter
I = 2% : square of the charges

V =A: cosmological constant (A = —3//?)

3
IV

/ 1/2
ny = % (\/1 + 122202 + 2) (\/1 + 122202 — 1) (condition of the regular horizon)
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The remaining task is to find field configurations {t“, Aﬁ, 0, a, &0, go}

which formulate charged BH information {/,, V' }.
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Universal hypermultiplet

Covariantly constant condition on UHM (¢, ¢, goi asymptotic constant values in the vacuum):
0 = Oup — p(z) = ¢
0 = D¢ = 8M§0—6A0A2 — Q) = eAO/Aﬁdx’“-l-g)
0 = D,ua) — augo—erAﬁ — a)(x) = €AQ/Aﬁd$/'u—|—§0

Constantness condition of egy from EoMs for £9, &:

x
~ E =
ERA = —61\050 + 6/\050 = (€A0€20 — 6AOQEO)‘/ A,u da'* + (eréo o 6A0§0)

_ 0 0
0 = ep’exo — epoexs

This is nothing but the consistency condition on 6D internal space Mg!

In addition, the same EoMs tell that 0Vg/0t*=0and | Vg = 0 = -V = —%VNS

which implies that the spacetime has no cosmological constant!!
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Universal hypermultiplet

Covariantly constant condition on UHM (a: asymptotic constant value in the vacuum):

0 = Dya = 8Ma—(26RA—6A0£O—I—eAOgO)Aﬁ — 0ua = eRAAﬁ

a(r) = eRA/Aﬁdx’“—I-Q

- Summary -~

Asymptotic constant values {¢, §0,§0,g} will be fixed in the vacuum.
RR-flux charges are fixed by the geometric flux charges.
The consistency condition of the geometric flux charges are derived.
ealeso —enoes’ =0 era = enot” — er%o
£0(x) = ep” /xAIJ\ _|_§0 go(az) = eAp /xAl} —|—§0 a(r) = era /CCAIIX +a

Asymptotically flat solution: V =0
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The configuration of UHM is universal.

Prepotential of VMs will tell us the existence of solutions..
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VMs with cubic prepotentials

Let us consider the following three models

associated with the internal coset spaces Mg with SU(3)-structure:

g I
1y1yl G
T3-model :  single modulus model with F = % = Me= SU(QB)
ST2model :  two moduli model with 7 — A = P2
-model :  two moduli model wi =0 6= S[U(2) x U(1)]
| | _ X1x2Y3 _ 8SU((3)
5 STU-model :  three moduli model with F = —0 —  Mg= U(1) x U(1) )

Notice: We consider general situations with non-vanishing ex

whilst each coset space has the vanishing e°.

Tetsuji KIMURA : AdS Black Holes in 4D N=2 Gauged SUGRA



The prepotential F = (X1)?/ XY gives the concrete description of everything!

Xl ) _ 3 t
t= %o Kv = —logfit-0% ga = ——g Ra=-0ls"00d
i 20 L L L B _ _ —

Vo= s (tle oE [3EOEO+3E0E1t+3EoE1t+E1E1(2f2—ff+2f2)] + TR

(For a simple expression, we introduce E = epqg + iex?).

Introduce another useful expression:

Eas = epoeso + enles’, Cas = epeso —epges’ (= 0)
The solution of 0 = 9,V = 0Vs + O:V: is
2¢
t* _ _801 _; 3(‘301 . VNS* _ _46 @
€11 €11 27 Co
o1 .3Cn 50e%% €11
€11 ! 5E11 ~ N 27 Co1

Both are singular!! (i.e., Ky and R'; are ill-defined.)

If we set ex’ =0 (Mg = G2/SU(3)) — ill-defined, singular charged solutions.
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ST?-model, STU-model

Prepotentials define diagonal Kahler metrics g ; = 0,0;Ky:

_ X1 X2
. _ : = 2 _ _
ST?: Ky = —log|—i(s —5)(t—1t)?], =< t= 50
e 7 _ X! X2 X3
STU: Ky = —log|—i(s —8)(t—t)(u—1u), =50 =y U= %0

These models have extrema 9,Vys =0onlyats —s=0=t—t=u—1u

under the condition Cpx = 0 from the UHM sector.

l

Each extrema has ill-defined curvature value.

l

Singular charged solutions!

Even if en? = 0, singular charged solutions.
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All models with cubic prepotentials have singular charged solutions

under the covariantly constant conditions..

This is “consistent” with the fact that AdS vacua appear in coset space compactifications.



Another candidate: a VM with non-cubic prepotential

Consider a single modulus model with F = —iXYX!.

(I do not know its 10D origin, or the corresponding Mg. Do you know?)

Regard {exo, en’, era} as purely the 4D parameters of gauging.

t = ;(—;, Ky = —log [2(1‘4‘{)]' 9eg — (t_i-{)Q' Rtt&:_ai(g&atgt%)
Ths = fejé [EOEO 4 (BoE1 + 2EoE1)t + (2EEr + EoE1 )T+ Elﬁl&]

The solution of OVNs = 0 is
b = (881()11)2“% —  Vase = 2e*°[—3€01 + /(Eo1)?)]

As far as g1 # 0, values of Ky, R'; are regular:

if Eg1 > 00 A = 1Vse = —2e?%&;; < 0 — AdS-BH
if €1 < 00 A = Vuse = —4e*%&p > 0 — dS-BH

However, we have already known that V' = %VNS = —Vr = 0 in the analysis of UHM.

Conflict!

Tetsuji KIMURA : AdS Black Holes in 4D N=2 Gauged SUGRA



We find a singular solution again!

Impossible to find a regular solution of 9,V = 0, 9.0V = 0 and 0.V = 0

under D, &% = 02?
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Discussions

71 Studied charged solutions in gauged SUGRA with VMs and UHM.

71 Imposed the covariantly constant condition.

71 Understood that it is impossible to acquire non-vanishing scalar potential.
71 Found singular solutions with cubic prepotentials.

7l Found again a singular solution with non-cubic prepotential.

ZI No regular solution at all? (It seems quite strange..)

7l What's happen if we consider a stationary black hole?
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Improvement

@113

arXiv
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Example of Non-CY: coset space G5/SU(3)

Careful analysis on Coset space G2/SU (3) 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]
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Geometric flux compactification in type ITA

10D type ITA on G5/SU(3) with fluxes

!

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

1 1 1 _
— / [§R(*1) + EMAEFA/\*FZ + 51//\2171\/\FZ — g dt A *dt

—4¢ 2¢ _ ~ ~
dB A #dB — %(Dfo A+DE® + DEy A *Dgg) + dB A £ dE,

— dp A xdp — ©

1
+ dB A (eRA — erfo)AA — §m‘/RXeRAB/\B -V (*1)]

4 N

* Gw b Biw' @i (ea”, eno) + NS-NS sector Precise data on G3/SU(3):
° Aﬁ, &9, &o; (m{,},eRA) - R-R sector
o GM: (gu,A%), VM : (A% 1), UHM — TM : (¢, By, €%, &) e10 £ 0, m3 # 0, erg # 0
o DE=de0 —ep 04D | Dgy = d&y — eppAl
o Fy=dA¥ +mZB;

o V(t,p,&) = Vas(t, ) + Vr(t, ¢, &%)

o /

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

ea’ = 0= eq

1 () —
mg = 0 = er1
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Equations of motion in Gauged SUGRA with B-field

1

§R Juw = J9uv MAEF’ﬁ},FZpU FA FM 9 — guv 9g0,t0°t + 297 0,10t
—4p —4p
—Yuv 810908'090 + 28#908v§0 - 62—49,u1/ Hpcf)\HpJA + eTHMPUHVpU (59“’/)
e2¢ ~ o~ ~ o~
— 0 (DpE"DPE + DyfoDPGo ) + €2 (D" Dug” + DuoDio) = gV
1 o EWW 5 Gwpa 0 2 o 0 A
\/——gﬁu(\/ g pas ) RN (VAEFVP) 2\/— Byy(era — & eno) — e ¥Qr0D7E",  (0AY)
1 v Suv errre A
\/—_gau(,/—g 059" 0) + at(m) WS — ) FL Y, — 09000 T 0V, (09
9 4 ~ ~
= 0u(VT99" 00 ) + g Ha H™? — (DD + Du&oDHGo) 9,V (5¢0)
1 —4p uwpo e . A
—\/—gau e ¥v—gH = Du£%(Ci)ooDo&° + (era — E%eno) F)
(0Bw)
chvpo
+2m£MA2szU - \/_—gmAl/?\VAZFEV ’
2 , oV enveo
—=0, (\/_—g 2P gh Dyfo) + 585 J__gaMBprgg"((cH)OO. (6£9)
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(Non)-SUSY AdS vacua

~VacuumI: N =1 ~
1/3 1/3
H1+iVIB[ 3 lero [1Y° 2 [2v3m0(ere)?] 41 Vsew
0 R
b= 5 (ex0)? | 0 b= ¢ 5 - o) = 3 0(ero)?
e10)? | m 1o, V3 mi(ero)
Vi = —5\/5 5 (e20)° = A <0
X 2 |2v3|mg(ero)?| o )
~Vacuum I : N =0 ~
/3 0, \271/3 1/3
. 3 €RO :|1 0 [9 mR(GRo) ] 2 25 €10
t* = :|:1—1\/§ , . = - , ex N —
( ) [5 (e10)? |mY . 25 e1 pp+) 3 | V3mY(ero)?
1/3
y - 80| 25(ew)’ = AL <0
27 | V3 |m(ero)®| o
N y,
~Vacuum IIT : N/ =0 N
T 12 fe|]? . B seg |7
t* = —1 [\/5(610)2 mg :| ) f* _ 07 eXp(go*) \/3 18mg(6R0)2
1/3
V. — _25\/3 5(610)4 / — Al
* 6 18 |m¥(ero)?| “c
g Y,

Note: m8 > 0; & is not fixed ; AIL < Al < Al D Cassani and A.K. Kashani-Poor [arXiv:0901.4251]

C.C.
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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)

1= Impose (covariantly) constant condition

0= dut, 0=20,0, 0=D,L", 0= D, 0=09,B,

15> Define electromagnetic charges

1 1
A A _
p 1 & 2 gA A2

1

I = —5[ A,UAEPE + (qa — VAPPF)(M_l)
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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, ¢, £° :

e 4C 014 oV oV 01

— —_— = d —_— =

0= T T T T
1

op: 0 = 2Ws + 4R — V=Wstlr = SWs = Ik

oV GVN{ OVR oV
) O: 0 = 0 = — t |
& 350 /{5{50 850 ( o, IS r|V|a>
- Regular Solution ~

{t, 507 ¥ 3 V}BHS - {t*7 x o P ACC}VaCUa

constant in whole region
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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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Comparison

® 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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Summary and Discussions

7l Studied : 4D N = 2 gauged SUGRA with VMs and TM(UHM) via flux compactification.

7 Reconfirmed : Romans’ mass is inevitable.

71 Imposed : covariantly constant condition.

ZI Found : Schwarzschild-AdS BHs.

Different from cases of Calabi-Yau

71 Find charged AdS-BH solutions.
7l Consider a stationary AdS-BH.

Z1 Various directions!
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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

dS%OD = Nuv (CB) dzt dz” + /gmn(xa y) dym dyn
4D CY 3-fold

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

dJ = Vi dpp) =0, A = V1 Qppg) = 0
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Calabi-Yau compactification in type ITA

1
This is suitable for —-SUSY condition with vanishing fields

A
D
- OsusYUm+ = Vi €4 (10D) — ¢ ~
8$0D) _ (4D) @nt + (cc), (10D) _ 8(24:?) @n% + (c.c.)

0
(D) = =t = | SU(3)-invariant C SU(4) ~ SO(6)

S
nt=n =0, Jon = F Ve e 72 Q= =il ynpnylngl| 72

N\
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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 X7 mﬁﬂﬁan
gmﬁ(xay) = 1 (CB) (Wa)mﬁ(y)v gmn(xay) = 12‘7(33) <( J|)|g§|q|2 >(y)

AN

By(z,y) = Ba(zr) +b0*(r)wa(y)

t° = b +iv Mirror Symmetry: exchange (t*, %) « (z¢,77)
R-R fields are:
Ci (LB, Yy) = A(I) (QZ‘)
Cs(v,y) = AH()wal(y) + & (@)ar(y) — &1(2) 8 (y)
cohomology class on CY basis degrees
HO Wq a=1,...,h0LY
HO ¢ gD wa = (1,w,) A=01,... »LD dwp =0 =da?
H?? g H© ot = (@ ) day =0 = g’
H®Y Xi i=1,..., 5@
H®O) (ar, A1) I =01,... +h3%D
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Calabi-Yau compactification in type ITA

10D Type ITA action SUS) = Sys + Sk + Scs:

1 ~ 1~ ~
SN = 5/6_2¢{R*]l—|—4d¢/\*d¢—§H3/\*H3}

1 ~ ~ ~ ~ o~ ~ ~ =~ 1 [ - ~ o~
SR—I—SCS = —Z/{Fg/\*Fg+(F4—Cz/\Fg)/\*(F4—C1/\F3)}—Z/BQ/\F4/\F4

!

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

1 = 1 1
SD) — / {5 R+ 1 — gz dt* Axdt® — hy,dg” A xdg” + 5 ImNpAsFP A «FF + 5 ReNasF) A FE}

gravitational multiplet Gpuws AY
vector multiplet (VM) A9, ta,ig t* € SKGy _
_ S~ . mirror dual: SKGy <+ SKGy
hypermultiplet (HM) 28, 729,E" & 2" € SKGy
universal hypermultiplet (UHM) ©, a,fo,go a <« By Hodge dual

HM = Special QG

(¢} = {7} + {&€.§+{p.0. &} =7} +{o} + {a.¢ &}
dny+4  2ny(SKGR) 2Ny 4 (UHM) SKGy “Heisenberg”
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Flux compactifications in type ITA

e non-CY 3-fold MG ™
vanishing Ricci 2-form, torsionful, (compact) non-Kahler manifold

with (a pair of) SU(3)-structure
dJ #0 and/or dQ2#0

e nL =12 at any points on Mg: (Jon = Tink Yo 12175172 Qo = =107 Yomp 1 |[741]72)

3 — _
dJ=§Im(W19)—|—W4/\J—i—W3, dQ=W1JAJ+Wo ANJ+W5AQ

e nl # n3 at a certain point on Mg:

Nt = ¢ )y +ci(y) (v +iv)my™nt
(v — i)™ Enffymn%, J=74+vA0v, Q=wA(v+iv)

They are given by 1/4-SUSY condition with non-vanishing background fields:

Sthms = Ve %) 4 (NS-fluxes) + (RR-fluxes) = 0

Flux fields behave as torsion.
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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 =W =W,=0
complex special hermitian Wi =Wo =W, = W5 =0
(3-SUSY Minkowskiy 3) | Kahler Wiy =We=Ws=W,=0
CY Wi=Wo=Ws=W,=W;5;=0
conformally CY Wi =W =W3=3W,+2W5=0
| symplecic Wi=Wy=Wi=0
nearly Kahler Wo=Ws=W1=W5=0
almost complex almost Kahler Wi=W3=W4=W;=0
(%—SUSY AdS,) quasi Kahler Ws=Ws=W5=0
semi Kahler Wi=Ws5=0
half-flat ImW) =ImWy =W, = W5 =0
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Spinors on 6D internal space and SKGs

Tensor (Fierz) products of SU(3)-invariant spinors on 6D internal space Mg:

o, = Selplonl = XPwy— FATY  even polyform  ( ~ e UHY)
o_ = 8€_bni_®772j = Zlar— G5! odd polyform (~ —iQ2)

®_: called the pure spinors on TMg & T* Mg

with the even/odd basis-forms and the symplectic metrics Cy p:

(EDA)a / (31,5%) = (€H™
WA Mg

o = (ij) , /M (=L,20) = (cghHY

Kahler potentials:

A
Z—i—

Ky = —logi <<I>+,5+>, Ky = —logi <<I>_,5_>
Mg Me
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(Non)geometric flux charges and RR-flux charges

Non-vanishing dJ and df) are caused by “non”-closed basis forms:

H=H"+dB, duy = d—H"A

1 1 AT ~A
dHﬂ<5 ) ~ <6A mA )(u) ) with (dgn)? = 0

Qg eA] Mg WA

S QT E_|_
eol. eqr:  H-fl h H = —ey! I
o', €or: ux charges ( eo  ay + egr3)

eql,eqr:  geometric flux charges (torsion)

m™ mA . nongeometric flux charges (magnetic dual of ep’, epr)

AN

F=ly+Fh+...+ Flo=ePG  with self-dual cond. F = A(xF), M) = (—)FE,
7@ = (Gh+GH + G wa — (Gor + Gap + Gap) T
‘|‘(G{ + Gé) ar — (Gl] + Gg[) BI
Go = mR ) éOA = €RA — fIGAI + gIeAI
c= (m&,era)T:  R-R flux charges (m3: Romans’ mass)
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4D N = 2 abelian gauged SUGRA

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

Sns + Sr = %/ 2¢{R*1+4dq5/\*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 related to isometries of SKGy : Unknown yet)

A0=mM =mh =m0 =mM =m, —— generic ———
Standard Gauged SUGRA Gauged SUGRA Gauged SUGRA
ny VM ny VM ny VM
ny HM ny HM ny HM
1 UHM 1 (massive) TM nt (massive) TM
[hep-th /9605032] [hep-th/0312210] [hep-th /0409097]
\_ J J J

Some of {a,gf,é}} are dualized to 2-form fields caused by magnetic charges {m&, m*;, m*!}:

[hep-th/0701247], [arXiv:0804.0595]
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Gauging Heisenberg part

& Electric Gauging of “Heisenberg” directions:

0 0
U U u AN I I
qu — ouq +gkAA,“ kn = —[QGRA—l—eA (CHﬁ)I]%—GA 8—§I
& Electric/Magnetic Gauging of “Heisenberg” directions:
Vaug" = 0uq" + g kAN + g k"M Ay,
i 0 0
_ I I
kn = — 2erp + € (CHﬁ)I]% — €A 3—51
~ - 0 0
A A AT Al
k — —_ZmR —I—m (CH&)I]%—FTI’L 8—€I
with commutation relations:
kn, ks] = [N ES] = [ka, k5] = 0
Killing prepotentials P, in terms of the SU(2) connection w,:
~ ~ 0 0
P = (wy)uk® where k=kpyL® —E My = —TILC,, (2¢ + Q¢)5- - myQ—

93

Cassani, et.al. [arXiv:0911.2708]
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Scalar potential given by Killing prepotentials

Metric of SQG:
1

o 1
huw dg* g’ = gizdz'dZ+ (dp)? +=e*?(da — T Cude)’— =e?# deT My d¢
SKGy 4D dilaston 4 “axion 2 RR-axions

Scalar potential:

Vs = —2022% [ﬁﬁ Q" My Q Iy + TI{ Q My QT Ty + 4IT; CF QT (TLITY + THVIIY) Q Ty HH]
1 ~ ~
Ve = —5e%(c+ Q6) My (e + G¢)
3
Vo= Vas+Vk = oo = &2|4huk'F + Y (¢ DaPDgP. — 3[Puf?) |, (abelian k§ = 0)
r=1
/H—KV/QXAfT H_ICH/2ngT
v =eWE2(XA Fy) P, = Pi+iPy = 2e°TIT QCyIly H=© ( ,01)
o = X/ X0 , - _ 2= 71/70
P_ = 731—1732 == QG@HVQCHHH .
a=1,...,ny ) - N 1=1,...,ny
SKGy of vector-moduli ) Ps = eIl Cy(c+ QF) S SKGy of hyper-moduli

1 —ReN ImN 0 1 0 ~ mi
My = - CyQc = R
o (0 1 ) ( 0 (ImN)—1> (—Re/\/ 1>VH Oyl e ( era )

QChQRT=0=QTCvQ =c*Q : Nilpotency of exterior derivative (du)? =0
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Coset spaces as half-flat manifolds

Coset spaces with SU(3)-structure: D. Cassani and A K. Kashani-Poor [arXiv:0901.4251]

G Se . SUe)
Mo SUB) | SU@xU@)] | UM xUQ)
(nearly-Kahler) ! (half-flat) ! (half-flat)
B SU(1,1) ., | (SULINE o ¢ (SU[L NG
SM = SKGy s ( T ) . st ( T ) . stu
SU(2,1) SU(2,1) SU(2,1)
_ HM HM HM
HM = SQG 0@2) U 0@) U 0@) U
SKGy C HM _ _ _
matters IVM+1UHM | 2VM +1UHM | 3VM + 1 UHM

1 Xexbxe
Each SKGy has a cubic prepotential: F = gdabc =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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Thanks for your attention.



