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INTRODUCTION




Introduction

Motivation: search 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/M-theory

Z3 WHY Gauged?

v Non-trivial scalar potential giving the cosmological constant

Z#3  WHY Black Holes?
v Attractive in the study of solutions in 4D N = 2 SUGRA
v Application to AdS,/CFT3 (or AdS,/CMP3)
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; Introduction

Well-known: Extremal RN-BHs in Ungauged SUGRA

BHs in Gauged SUGRA have also been studied in asymptotically non-flat spacetime

A: given by bare constant (pure AdS-SUGRA) or by FI parameters

(Notice: Naked singularity appears in SUSY solution unless BH is rotating.)
Romans [hep-th/9203018], Caldarelli-Klemm [hep-th/9808097] etc.

- (QUESTIONS ~

How can we obtain non-SUSY solutions without Fl parameters

in asymptotically non-flat spacetime?

Tetsuji KIMURA : Non-SUSY Extremal RN-AdS BHs in A/ = 2 Gauged SUGRA



Contents

® Introduction

® N =2 Gauged SUGRA
@ Effective Black Hole Potential
@ Attractor Equation

@ Single Modulus Model

@ Discussions




Contents

@ Introduction

® N =2 Gauged SUGRA
® Effective Black Hole Potential
® Attractor Equation

® Single Modulus Model

@ Discussions




| N = 2 Gauged SUGRA

Action (grav. const. k; gauge coupling const. g; indices A =0,1,...,ny):
1 _ R
S = /d4x\/—g{2—/{2R— G (2,2)0,2"0"z"
1 1
+ ZMAE(Z’ E)FL"LXVFE“” + ZVAz(Z, Z)FL/L\V(*FE)‘“/
o gQV(Zv E? )
+ (fermionic terms)}
UAY = ImMNas (generalized —1/g?) , vay = ReNax (generalized 6-angle)

Here we do not consider hypermultiplets seriously

Reduce the gauge symmetry to abelian
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N = 2 Gauged SUGRA

Equations of Motion (abbreviate x and g; set fermionic fields to be zero):

1 _ _
Guv - (RW N §R gﬂ”) — 2G5 8(#'2&(%)26 + G 30,2°0°2" gy = Ty — V0

1
Tlu,/ = —UAY FﬁpFEGng—i—Z,LLAE Fé},FZpJgMV (energy-momentum tensor)
a Gag va =b 8Ga5 —b —C
z% —\/__g(%(\/—gg“ 0,z ) = 0,z" 0°Z
= - P> PRy 4 — F2 (x F=)HY —
1 0z0 LT g En R
Ab e eP79,Ghpe = 0, Gape = vasE,, — pas(xF>) 0
1 1
electric charge gp = — G, magnetic charge p" = —/ FA
4T J g2 AT J g2

Tetsuji KIMURA : Non-SUSY Extremal RN-AdS BHs in A/ = 2 Gauged SUGRA



_ Metric Ansatz

Introduce a metric ansatz for RN(-AdS) BH: “charged”, “static”, “spherically symmetric”

ds? = —e2Aqg? 4 2B 2 4 202 (d92 + sin? 6 dqﬁQ)

AdS; x S as near horizon geometry (radii: ra and ry)

A(r) = logZ—™  B@) = —A@(), C@) = log™

TA r

1 1
w5 o) R-@
A TH .
r— 1 2 r 2
—  ds?(near horizon) = — ( H) dt® + < A ) dr® + Ta (d‘92 + sin® g d¢2)
A " —TH
2T
= —er—thQ + radr? + rf (d@2 + sin” 6 d¢2) (7 =log(r — 1))
A

Area of horizon is Ay = 47r
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Metric Ansatz

If the attractor mechanism works (via extremality), the scalar fields behave as

‘ a// |
horizon ? horizon

The EoM are drastically reduced to Bellucci et.al. [arXiv:0802.0141]
1 1 1—+1—-4L,V
Gt — = L +V = ry =
et Jrr I%I ’I“H ! horizon 4 2V horizon
1 1 e
o — = L=V = ry = H
960, 9o¢ i ’I“H b horizon A \/1 — 411V Ihorizon
10 0OV 1 0
z4: 0 = — = 0 = 1 — 212V P2
’I“ﬁ 0z 02 | horizon TH( H )6’,2@ horizon
hemma) = (ot a) [ P arl as oG ) (47
1\ <y <5 Vs - 5 A
2 —(p ) Mors (u= ) gs
1
= —ifTMF 1st symplectic invariant
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Effective Black Hole Potential

Black Hole Entropy is given as the Area of the horizon as in the case of RN-BH:

AH 2 _ —
SBH(p, q) - E — 'H horizon - eff(Z,Z,p, Q) horizon
1 —+v1—-—411V
‘/fo(za Z, D, Q) — \/QV . Vest — Ih (if V — O)

1
0 = —(1-2r3V) J

eff
(Y 0z horizon
We read the “cosmological constant A" from the scalar curvature:

1 1
R(AdS; x §7) = 2( = 5+ —5) = 4V
s TH
V‘horizon = A(“cosmological constant”)
The “attractor equation” which we have to solve is 0 =

- V Z? Z’ Y
520 eff( p Q)

horizon

(If ry is finite and if A is non-positive)
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' Effective Black Hole Potential

The “attractor equation” which we have to solve is

0 _
0 = 8Za‘/eff(zjsz’ Q) horizon
1 5014 oV
= ) Y — 1—4LV + 211V —
2V2/1— 41,V { D20 -V Vo sh )87;“ .

Evaluate I; and V': Description in terms of the central charge Z
Useful when we consider (non-)SUSY solutions

Def. of Z comes from the SUSY variation of gravitini:

5¢A,u — D,ugA‘FGABTV’Y € —H’gSAB%sB

1/ 1 _ v .
Z = —5 (E/WT ) 3 Sap = §(Ux)AB7D

Use the property of the Special Kahler geometry
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_ Special Kahler Geometry

Mainly we use the followings (The basic variables are X* and Fy):

oF u X
= oxx P T xo
K = —log [i(YA]:A—XA?A)] G = 0 iKv
| w920 9zb

XA LA A
= 2 = o Dall = (8 +16K>H= Ja

Fa My 0z¢  20z% hag
My = NasL®,  hae = Nasf2, GUFAE = —Im(V ) - IALY
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Special Kahler Geometry

Write down Z, I; and V in terms of (L™, My) = e&/2(XA, Fy):

Z = L%qn — Myph

L = |Z2+G"D,ZDvZ
3
Vo= Z ( - 3|P*|> + G* D,P* Dbpx)
r=1

Pz Prh: SU(2) triplet of Killing prepotentials in A" = 2 SUGRA
Pr=PILA _PTAM, in Sip (r=1,2,3)
If no hypermultiplets, only P3 = P3 LA — P3M My contributes to the potential.

Further, we could identify (P3,P3%) = (qa,p?) ~ P3=Z Cassani et.al. [arXiv:0911.2708]

V =-3|Z>+G*D,ZD,Z
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' Attractor Equation

Rewrite the “attractor equation” in terms of the central charge:

0 _
0 = 0z¢ efF(Z7 & Q) horizon
1 5014 oV
_ o121 | — 4L,V + 2L,V —
2v2¢1—4jﬂ/{ D20 - e )32 hor
_ 1+ Vi {2GV7DGZ +iCup GG Dy Z D2 }
\/1 o 411‘/ horizon

1—-V2
VfF

S

A Non-trivial factor Gy =

If A<O0and D,Z =0 (SUSY) — Naked Singularity — Search non-SUSY sol. D,Z # 0
If 0ul1 =00r 9,V =0 —  Vliorizon = A =0, or Empty Hole Z|horizon = 0

If Gy =0 — Sy =1 (strange!)
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Attractor Equation

Rewrite the “attractor equation” in terms of the central charge:

0 _
0 = 8z“ efF(Z,Z,p’ Q) horizon
1 5014 oV
= ) Y— 1 -4V + 21,V —
2V2\/1—411V{ D20 -V Vsl )82“ .
Veff — - bb e
_ {QGVZDGZ +iC GPGT D7 DCZ}
\/1 N 411‘/ horizon
Solve the equation 0 = 2GvZD,Z + z’C’abCGbEGCE DyZ D .Z -

under the condition V <0, 1 —-46LV >0, 0,11 #0, 0,V #0, D,Z #0
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Example: D0O-D4 System in T3-model

@ Consider the single modulus model w/ charges I' = (0, p, 0, qo) ( “D0-D4" system):

Holomorphic central charge W = e~ %/27 and its discriminant A(W) are
(X1)3 Xl .

S Gl X0

t = W = q—3pt?, AW) = 12pq

The attractor equation and its solution (t = 0 + iy, y < 0):
p(y?)* + (g0 — 18p°q3) (v%)* — 12p%q3 (y*) — 2pgg = O

> = A+B or A+wB (WP =1)

with pgg < 0
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Example: D0O-D4 System in T3-model

Various values at the horizon are

@ +3py? [ 1 3i(go —py?) [ 1
Z = —— £ 0, DZ = £ 0
horizon 2 2y3 # ! horizon 4y 2y3 #

2 2,4
q5 + 3p7y
I — 0
1 o >
6 2 3p 1/2)2
A - (p%O(mg+ Py’ _
y
S {_ _FVS*JQPQ2Q'+&’2ZQ4*@24} > 0
12(pgo)%(q0 + 3p2)2 | ° J (Pg0)*(go y?)* (45 y*)
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Example: D0O-D4 System in T3-model

Focus on the Large gg limit:
The dominant part ot the Modulus t = 0 4 iy (y < 0) is
y ~ pqo ~+ (sub-leading orders)

The dominant parts of various values are

—1

Z| ~ A =p3q + ... # 0, Dz  ~ —\-piep+ ... # 0
horizon horizon Pqo
Il ~ _p3q0 + ... >0
A ~plgg+... <0 (up to overall factors)
SBH ~ 0(1) + ... >0 7

Strange behaviors of A and Sgy: incorrect expansions?
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Example: D0O-D4 System in T3-model

Look at the Small gg limit:

The dominant part of the Modulus t =0+ iy (y < 0) is

y ~ - _d + (sub-leading orders)

p

The dominant parts of various values are

1/4
Z . Nip(—ﬁ) + ... £ 0

p° 1/4
horizon qo

q

[1 ~ —p3qO—|—... > O

A~ — /(P33 + ... <0 (up to overall factors)

S~ VPl + ... > 0

Very small |A| compared to others: similar to the non-BPS RN-BH sol.
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Example’: D0-D4 System in T3-model

Comparison: the values at the attractor point of RN-BH w/ A = 0:

® non-BPS solution is given as

t = 041y, Yy = — _d
p
3\ 1/4 1/4
40 p : D
Z :-—(——) 0, DZ :—31(——) 0
horizon \/i qg’ # t horizon b qo #

Sen = I = |Z?+GDZD,Z = 4|1Z]*> = \/—4pPq > 0, A = 0

@ 1/2-BPS solution is given as

t = 0+y, y = — 1
p
3\1/4
7 - \/§qo(p—3) 40, DZ — 0
horizon do horizon

Sen = I = |Z]” = V4pPe > 0, A =0
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R

7l Studied Extremal RN-AdS Black Hole solutions in Abelian gauged SUGRA

i Described the non-SUSY solution of the DO-D4 system in the T3-model
(see the D2-D6 system in Appendix)

> Different behavior of the modulus, BH entropy, etc.

1> Description in all region in the asymptotically non-flat spacetime?

15 Include (charged) hypermultiplets?
Hristov-Looyestijn-Vandoren [arXiv:1005.3650] (constant sol. of Behrndt-Liist-Sabra—type, etc.)

Cassani-Ferrara-Marrani-Morales-Samtleben [arXiv:0911.2708] (nongeometric flux compactifications)
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APPENDIX




4D Black Holes

Study charged Black Hole solutions

in “4D", “Asymptotically (non-)flat”, “Static”, “Spherically Symmetric" spacetime:

1
ds* = =V(r)dt®* + ——dr? 4 r*(d6” + sin” 0 d¢?)
V(r)
2M 2 Ar?
Vir) = 1— - Q2 a7 : Q> = ¢ + p* A = (cosmological constant)
r r 3 (ele.)  (mag.)
4 N
“flat Minkowski” : M =Q =A=0
Schwarzschild: M #0, Q=A=0
Schwarzschild-AdS : M #0, Q =0, A = —% <0
Reissner-Nordstrom (RN) : M #£0,Q #0, A=0
3
RN-AdS : M#O,Q#O,A:—ﬁ<0
o /
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N = 2 Gauged SUGRA

Supersymmetric multilpets in 4D N = 2 SUGRA:

,3 (4D, curved)
SU(2) R-symmetry)

ny vector multiplets: {AZ, 2% N4 a=1,...,ny

i ' =0,1,2
1 graviton multiplet: {guy,A2,¢Au} 51_01, ,(

, 2

2 in special Kahler geometry SM

| =1,...,4 4
ny + 1 hypermultlplets: {q“, Ca} Z 17 | QZH : 2
= 1,...,2ny

u

g“ in quaternionic geometry HM

Gauging: PROMOTE global symmetries from isometry groups on SM and HM

to local symmetries

Ref.: Andrianopoli et.al. [hep-th/9605032]
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| IDENTITY



A Powerful ldentity

A useful formula among the BH charges I' = (p®, ga)" and the invariant I;(z, %, p, q)
.06 1T . ~ab AT
F + Za—f — QZZH + QZG DaZDbH

~ 0 1 LA ~
= ( Lo ) r, = (M ) . Z=L"%a— Mxp® =TTII  Kallosh et.al. [hep-th/0606263]
— A

This does not (explicitly) depend on the scalar potential —g?V'.

This can be applied to any points in the spcatime.

- _ _ i [0 1 1~
GPD,I @ Dyl = ORI — - M
a X b X 9 1 0 9 V
—1\AX —1\AT
T — (=) (k) vry _ (0 1), (0 -1
vV = —1\'S —1\T'A - \
var(p™ ) pas +rvar(p” ) “ras -1 0 1 0
1 lep~ ~ O8I .
I, = ——I'"™I = —-T"MyT, = = —T My
2 2 ar
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Single Modulus Model: T3-model

. (X1)3
@ Single modulus model (a =1): F = o
Xl
Z = eK/2(QO‘|‘qt—3pt2‘|—p0t3>, t _ XO
: 3 T3 6i

(t—1)3° (t — )2 11

(t—1)°

Search the sol. w/ V = =3|Z|? + |D:Z|? <0 — Z # 0
Consider non-SUSY sol. — D<Z # 0

Y
The generic forms of the central charge and its derivative:
Z = —ipella39) D7 = ge®  (p,0>0)

[hep-th /0606263]
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Single Modulus Model: T3-model

The generic forms: Z = —ipell@=39) D7 = ge % (p,o > 0)
The volume factors p and o are related via the attractor equation.
o= —ge—mGV (Gv # 0)

The formula leads to the following two equations: (I' = (p°, p,q,q0)"):

aIl _ 2p —ia, K /2 . . n

P+ —5’q = —3\/56 e [(3\/§ ZGV) t th]
ol 2

0 1 P _ia K/2

o 2 3v/3 —
P o 373 ( )
t 3\/§ — 2GV p —I— ZaIl GV p o Z%{; “gener-c SOI "
N _ | .
3v3 — Gy |p°+ zafl HENCIEY 0 —§3

Difficult to evaluate the explicit sol. caused by the complicated functions Gy and I4
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I STUmee

X1x2x3
® Three Moduli model called the STU-model: F = <7

(Cartan part of 4D N/ =8 SO(8) gauged SUGRA «— IIA /IIB/Heterotic string triality)

XG,
7 eK/Q(q0+qaz“—p1z2z3—p2z3zl—p32122+p0z1z2z3>, La =
K = —log —i(zl—El)(z2—22)(z3—23)]
5ab a ?
GCLE — _(Za_EE)Z — eaaeg 567[;7 CTQ?I = 1

Search the sol. w/ V = =3|Z|?> + |D3Z]> <0 — Z #0
Consider non-SUSY sol. — D37 # 0

Y
The generic forms: Z = —ipell@=39)  D-Z

ce " (p,o>0)

[hep-th /0606263]
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I STUmee

The generic forms: Z = —ipel@=3¢)  D-.7 = ge ¢ (p,0 > 0)
The volume factors p and o are related via the attractor equation.

o = —pe "Gy (Gv # 0)

The formula leads to the following two equations:

ol . _

p® + 8q1 = —2p e 1 K/2 [(1 — GV) 29— 2Gy E“]
ol :

p’ + —L = —2p e_w‘eK/Q(l — BGV)
dqo

.01, a .01,
p* + Pt — g,
2 an 2 3qa i . ]
— 2=V | o | T (1-Vg) —r, generic sol.

yy + Za—qo p- — Za—qo

Neither Vg = 1 nor Vg = 0

Difficult to evaluate the explicit sol. caused by the complicated functions Gy and I4
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ANOTHER EXAMPLE IN T°-MODEL




Example 2: D2-D6 system in T3-model

® Study the “D2-D6 system” w/ charges I" = (p, 0, ¢, 0)
The holomorphic central charge W = e %/2Z and its discriminant are

W = qt+p°t°, AW) = —4p°°

The “attractor equation” is reduced to the cubic equation of ¢ = 0 + iy (y < 0):
fy*) = 200" 'a(y")” =40 (v*)* + 0" (3 + 20°¢°) (") —q = 0

g(y?) = 97 = 6(P°) (¥*)? — 8(»°)*¢*(v?) + p°(3 + 2p°¢°)
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Example 2: D2-D6 system in T3-model

The various values at the attractor point are

1 1
A = —i(q—pYy?) [ —— 0 D7 = — 3pY y?) [ ——— 0
horizon Z(q Py ) 8@/ # ’ ! horizon (q+ Py ) 32y3 #
2 | 3(0)24
;o= T3
2¢%y 2
A = T((p0)2y2—q) <0
—3+ \/ 9+ 4¢2(g — (1°)22)" (¢ + 3(p°)2")
SgH = > 0

The solution of the Modulus ¢t = 0 + 7y (y < 0) is given as

> = A+ B or A+w™B, w? =1

2q 1 1 1 Alg)
A = = B = ct/3

30 sy (O o

C = —54(p°)°¢* —8(p")%¢°® +3v3p°\/—2A(f),  with p¢* >0
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Example 2': D2-D6 system in T3-model

Compare our result to the (non-)SUSY solution of the RN-BH w/ A =0

® non-BPS solution:

. q
t =0+, y = — 3,0
q  3pY\ 1/4 30 \ 3/4
Z =Zq(p) 40, DZ =—q(p) £ 0
horizon 3\/§ q horizon 2\/5 q
2 AP T 2 _ 2 [P
@ 1/2-BPS solution:

. q

t =04y, y = - T30

—i\/92 0\ 1/4

Z - f‘;ﬁq(—?’i) L0, DZ — 0
2
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| HYPERMULTIPLETS



Moduli Space of Hypermultiplets

Action including hypermultiplets:

S = /d4:c\/ { — R -G _;(z, z)@uzaﬁﬂz — huv(q9)V gV q"

QK2
T Y o e RNy Y T
4,uAZ A AX\ <, %
— g’V (z,%,q)

+ (fermionic terms)}

Moduli space of hypermultiplets = quaternionic geometry

We borrow the description in (non)geometric flux compactifications scenarios

arXiv:0911.2708 etc.

{g"} = {27} +{¢. &} +{p.a,€% &)
dny+4  2ny(SKG)  2ny 4 (universal)

(special quaternionic geometry)
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Moduli Space of Hypermultiplets

Contribution of hypermultiplets to the kinematics and potential:

o 1 1
huw dg'dq” = Gidz'dZ + (de)® +-e*?(da — &' Ch d§)2— —e??det My dé
SKGH 4D dilaton 4 axion scalars from RR
U U u AN I 0 I 0
VMQ = 3Mq +gkAA,u7 ]{'A — —|:2q1\+61\ (CH&)H]%_GA a—gﬂ

P—I-
P~ = P'—iP? = 2e¥Ily QCylly
P? = €11y Cv(c + Q)

vty —vp! I 1
Myvn = o u1 M1 Qul = | A M) Cvn = ’
—u v W VH m™M mh; —1 0

Iy = ’/2(Z1 . G)T, 28 = 77/ Z°: SKG variables in hypermoduli
Iy = v/2(XA, FA)T: SKG variables in vector moduli
c = (p™,qa)" can also be regarded as the BH charges

Pl 4+iP? = 2e*1ly Q CyIly
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_ Hypermultiplets

Va0 = (00 + o (Vi — €V, + E,80)°
Vo = 0,0 —g(2qa + er’&) — €Ao€O)A£
Vug? = 0,8° —g(ea") A}, Vo = 0.0 — g(en0) Al
V(z,7,q) = G®D,P*D,P3 —3|P3?, P® = &% (Z + Z¢)

J = LAqA — MApA, Ze = LA(ergo — €Aofo) - MA<mAOfO - mAOgO)

Very complicated even when we focus only on the Universal hypermultiplet

compared to the system only with Vector multiplets

- arXiv:1005.3650 D

SUSY BH-sol. in stationary, axisymmetric, asymptotically flat spacetime

has constant universal hypermoduli

and vector multiplets which follow the ordinary attractor mechanism
N J

How is non-SUSY RN(-AdS) BH-sol. in the presence of Universal hypermoduli?

—— work in progress
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