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Introduction

Motivation: Black Hole Solutions in 4D N = 2 SUGRA

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

V' (Flux) compactifications in string/M-theory <«— | have mainly worked..

#3  WHY Black Holes?
v Attractive solutions in 4D N = 2 SUGRA
v Application to “AdS,/CFT3 (or AdS,/CMP3) correspondence”
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Introduction

In the framework of 4D N = 2 SUGRA,
(Extremal) RN-BH in asymptotically flat spacetime has been investigated.

We (have to) study BHs in asymptotically non-flat spacetime.

RN: Reissner-Nordstrom (i.e., charged and non-rotated)
Cosmological constant A is given as an expectation value of the scalar potential
(i.e., “mass deformations” of gravitini).

NoTICE: Naked Singularity appears in SUSY solution unless AdS-BH is rotating.

Romans [hep-th/9203018], Caldarelli and Klemm [hep-th/9808097] etc.

- Questions ~

How can we obtain non-SUSY solutions with matter fields

in asymptotically non-flat spacetime?
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N = 2 Gauged SUGRA

Multiplets in 4D N = 2 SUGRA:

uw=0,1,2,3 (4D, curved)

. : _ 0
1 graviton multiplet: {gW,Aw%bAu} A=1,2 (SU(2) R-symmetry)

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

2% in special Kahler geometry SM

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

ny + 1 hypermultiplets:  {q“,{“} a =1 2ny + 2

u

g" in quaternionic geometry HM

Gauging: Promote global isometry groups on scalar field spaces

to local symmetries

Andrianopoli, Bertolini, Ceresole, D'Auria, Ferrara, Fré and Magri [hep-th/9605032]
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N = 2 Gauged SUGRA

Action (grav. const. k; gauge coupling const. g; indices A =0,1,...,ny):
1 _ a —b U v
S = ‘/d4x\/—g{2—/{2R— G :(2,2)V 2 VHzb — huv(@)V ,,q"VHq
1 1
+ Z,LLAE(Z, E)FL"LXVFE“” + ZVAz(Z, Z)FFZL\V(*FE)‘“’
o g2 V(Z7 Ea Q)
+ (fermionic terms)}
HAY = ImMNas (generalized —1/g?) , vay = ReNax (generalized #-angle)

Set background fermionic fields to zero
In this analysis... < Reduce gauge symmetries to abelian

Truncate hypermultiplets by hand
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N = 2 Gauged SUGRA

Equations of Motion (abbreviate x and g):
1 — —
v - (RW N §R gﬂ”) —2G 8(Mza(9y)zb + G 30,2°0°2° g = Ty — Vg

1
Ty = —pAS Fl/L\P FVZG g7 + Z'LLAZ ij}j F*ro Juv (energy-momentum tensor)

a Gag vea =b aGaE —b —=C
z% —\/—__gé?M(\/—gg“ 0,2 ) = 0,2° 0°Z
= — F> =P 4 — F2 (xF= )P —
1 0z0 T g B T
Ab s eP70,Ghpe = 0, Gape = vasE,, — pas(xF>) 0
1 1
electric charge gpn = — G, magnetic charge p" = —/ FA
AT g2 4T J g2
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Metric Ansatz

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

ds? = — 242 4 2B qp2 4 2012 (dH2 + sin? 0 dqﬁZ)

Near horizon geometry: AdS, x S? (radii: 74 and 74)

" —TH

A(r) = log :

2 2
— d82(near horizon) = — (T — TH) dt? + ( A ) dr® + 7°|%| (d(92 + sin” 9d¢2>
TA r—7"TH
2T
- er_f\dtQ +12d7? 4 12 (62 + sin? 0 dg?) (7 = log(r — 7n))
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Metric Ansatz

If the attractor mechanism works (via extremality), the scalar fields are subject to

d d \?2
_Za’ f— O ) <—) Za/ p— 0
dr horizon dr horizon
The EoM are drastically reduced to Bellucci, Ferrara, Marrani and Yeranyan [arXiv:0802.0141]
4 N
1 1 1—-v1-4LV
gt — = oL +V = no=
Jttr 9 ’I"'E' Tlé_l' L+ horizon "H 2V horizon
1 1 re
5 = ShL-V = ry = i
969, oo T%\ Tﬁ ! horizon A v/ 1 — 411V Ihorizon
10, o0V 1 0
z¢: 0 = — 611,_ - = O:—4(1—2raV) ara _
\ Ty 0z 02 I horizon Ty 0z hOI’IZOﬂ/
1st Symplectic Invariant:
1 as Foar(p D) Ay —var(pH™ P> 1
L zpa) = —5(0 ) | " " " = —TTMT
—(u™") M rrs (n= )" gz
e—4C’
with T = T," = -T,) = T, = ——1I
r
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Effective Black Hole Potential

BH Entropy (and the effective potential) are given as the Area of the event horizon:

&
47
1 —+1—-4LV

‘/;ff(Z,z,p, Q) — o — Il + (Il)QV + 2(11)3‘/2 =+ O((Il)4V3)

= eff(za 294 C])

horizon

Seu(p,q) = = 1]

horizon

We read the “cosmological constant A" from the scalar curvature:

11
R(AdSs x §2) = 2(_7«_2+7«_2) — 4V
A H

V| = MA("cosmological constant”)
horizon

ATTRACTOR EQUATION

1 0
0 = —(1—2r2V)—V,
rﬁ( V) 5 Vett

0
— 0 = Veit(2, 2, D, q)

e
horizon (’92“

horizon

f ry<ooand V| <0
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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 + 21V —
2V2/T— 4L,V { D2 -V Vo sh )aza .

Evaluate 17 and V described in terms of the central charge Z

Useful when we consider (non-)SUSY solutions

SUSY variation of gravitini carries def. of Z and more..

0ha, = DusA—l—eABTny £ +igSAnyM€B
3

1/1 _ 2 z
Z = (E/SQT ) - Sap = 32 ()P

r=1

Use the property of scalar field spaces SM x HM
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Central Charge and Scalar Potential

Write down Z, I; and V in terms of (L™, My) = e%/2(X?, F)) on SM:

Z = LMqpn— Mpp*

L = |Z2+G*"D,ZD,Z
3

Vo= 3 (=3[P + G DuPu DyPy) + A KR
r=1

P SU(2) triplet of Killing prepotentials in N/ = 2 SUGRA
(In general, both vector moduli and hyper moduli contribute to P,)

“Truncate” hypermultiplets — only P3 = P55 LA — 75§\ My remains in the scalar potential

Further, Identify (P35, P5) = (qa,p™) ~ P3 = Z
Cassani, Ferrara, Marrani, Morales and Samtleben [arXiv:0911.2708]

V = -3|Z> + G®D,ZDyZ
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Attractor Equation

V
fF<

The "ATTRACTOR EQUATION" (with a non-trivial factor —1 < Gy = Ve2 <1)
eff
0
0 = 87 eff(z ? P Q) horizon
1 , 011 oV
= ) V— 1 -4V + 211V —
2V2,/1 —4]1V{ dz0 -V Vo sh )8z .
1 2 _ s
_ 1t Ve {2 Gy ZDoZ + iCop.GP*GF Dy 7 DCZ}
V1= 4LV .
Solve the equation 0 = 2G\ZD,Z + z’CachbchE DyZ D.Z "
orizon

under the condition V <0, 1 —-4LV >0, 0,11 #0, 0,V #0, D,Z #0

£ 1fV <0and D,Z =0 (SUSY) —  Naked Singularity — Search non-SUSY sol. D,Z # 0

£ 0,11 =0 or 0,V =0 — asymptotically flat V' = 0 or Empty Hole Z = 0
(Gy =1) (Gy = —1)

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



Contents

@@ @

@

e

@ Single Modulus Model




Example: D0O-D4 System in T3-model

@ Consider the Single Modulus Model of I' = (0, p, 0, qo) (“D0-D4" system)

(XO) , U= X0 > Kaihler potential e®* =

(as the “large volume limit of Calabi-Yau")

with prepotential F =

The ATTRACTOR EQUATION and its solution (¢t = 0 + iy, y < 0):

4 N
p(y?)” + (g0 — 189°q3) (v*)” — 12p°q5(y°) — 2pg5 = O

with p#()? QO7é07 pQO<O

> = A+B or A+w™B (WP=1)

1 21+ (18 p3qp)?
A = 5—0(18]?3610—1)7 B = <01/3+qo a pq0)>
p 3p

C = —qy|1—27p%q — (18p3q)” — 3\/§\/—2p3qO —9(P°q)* — 432(193%)3]
/
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Example: D0O-D4 System in T3-model

Various values at the event horizon:

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

2 2.4
qp + 3p°y
I — 0
1 o3 >
6 2 3p 1/2)2
A - (P%O(mg+ Py’ _
Y
12(pgo)2(q0 + 3py2)2 |~ 4 (Pg0)*(qo y°)*(4p y?t)

their asymptotic behaviors?
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Example: D0O-D4 System in T3-model

G’ Look at the Small gy 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

3 1/4 D 1/4
Z| N—q0<——3) + ..., D.z| Nip(——> + ...
horizon do horizon qdo
L ~ V=pqp + ...
A~ —/(—p3q)3 + ... [ Ii ~ Sgp > —A > 0 }

S~ V—p3q + ...

very small |A| compared to others: similar to the non-BPS RN-BH,
but Never connected to RN-BH with A = 0!/
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Example: D0O-D4 System in T3-model

Comparison: values in the case of non-BPS RN-BH with A = 0:

= 0+iy, y = — /-2
p
3\1/4 1/4
do p : p
Z :——(——) 0, D,Z :—32(——) 0
horizon \/5 Q(S; # t horizon b qdo ?é

Sen = I = |ZP+GUDZD,Z = 4|Z]*> = \/—4p3qy > 0
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Example: D0O-D4 System in T3-model

* Argue the Large q¢ 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
Zl o~ NPt ... # 0, DZ| o~ —/=pi + ... #0
horizon horizon Pqo
Il N—p3qO+... > 0
A ~plgo+... <0 (same magnitude to I !)
5
Sgn  ~ r + ... >0 (Why constant 77)

Strange behaviors of A and Sgy: incorrect expansions?
...hot completely understood yet
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Discussions

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

i Described the non-SUSY solution of the D0-D4 system in the T3-model
@ 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 and Vandoren [arXiv:1005.3650] (constant sol. of Behrndt-Liist-Sabra—type, etc.)

Cassani et.al. [arXiv:0911.2708] (nongeometric flux compactifications)
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Special Kahler Geometry

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

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

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

Fa My 0z% = 20z° hag
My = NasL®,  hae = Nasf2, GUFAE = —Im(V ) - IALY
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| HYPERMULTIPLETS



Hypermultiplets

Action including hypermultiplets:

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

2K2
1 A mXuv 1 A by
+ZMAE(Z Z)F., F=* —I—Z/Ag(z Z)FD (xF*)
—g°V(2,%,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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Hypermultiplets

Contribution of hypermultiplets to the kinematics and potential:

o 1 1
huwdg"dg’ = Gizdz"dZ + (dp)? + =e*?(da — £ Cyy d§)2— —e??det My d¢
SKGH 4D dilaton 4 axion 2 scalars from RR
U Uu u AA I 0 I 0
VMQ = auq +gkAA,u7 ]{'A — —|:2(;ZA+6A (CH&)H]%_GA a—gﬂ
Py = P +1iPy = 2e? H\’]/j Q Chlly

P_ = P —iPy = 2e¥Ily QChIly
Ps = * 11y Cy(c + Q¢)

vty —upt I 1
—u v W VH m™M mb; -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
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Universal Hypermultiplet

Truncate SKG part in hypermultiplets: Set II§ = 0 = &' = §~Z i.e., no SKGy DOF

1

hyy dg dg¥ = (dp)? + —e*(da — T Cyde)’
4D dilaton 4 axion
Uu Uu u AA I 0 I 0
Vug" = auq T g kAA,u 3 kan = — [QQA + e (CHg)]I] Ja €A 8—81

Py = 211 Cy(c + QE)

Iy = v/2(XA, FA)T: SKG variables in vector moduli
c = (p™,qa)" can also be regarded as the BH charges
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Universal Hypermultiplet

Contribution of the universal hypermultiplet to the Lagrangian:

huoV uq"VHq® = (0,90)* + ie‘w(vua — OV, & + €9V ,£%)°
Via = 9.0 —g(2qs + er’&o — enp &) AL
V0 = 9,60 —glea”) AL, V. = 9.8 — glenn)Ad
V(2,%,q) = G®D,PsDyPs—3[Ps]?, Ps = *¢(Z + Z)
Z= L — Mpp™, Ze = LMen &y — eno€®) — Ma(mPoe® —mA0¢)
Still complicated even when we focus only on the Universal hypermultiplet

compared to the system only with Vector multiplets

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

—— work in progress
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