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Introducere

@ scopul lucrarii este de a construi solutii almost-BPS in 4 dimensiuni
descriind un sistem echivalent cu un numar arbitrar de inele negre
extremale coliniare intr-un spatiu-timp multi-centru Taub-NUT,
coliniare cu una dintre gaurile negre rotitoare aflate intr-unul dintre
centri spatiu-timpului in N=2 SUGRA

@ in literatura au fost extensiv studiate solutiile BPS, inclusiv in 4
dimensiuni

@ solutiile almost-BPS se obtin din cele BPS, ca o generalizare a
acestora, schimband semnul in ecuatia campurilor electrice si
magnetice, astfel incat campurile dipolare sa fie anti-self-dual

@ se constriesc solutii de microstari dotate cu regularitate si horizonless
pentru a testa ipoteza 'fuzzball’
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Punerea problemei

@ se porneste cu o teorie SUGRA in 11 dimensiuni (N=2) cu cate trei
M-branes cu sarcini M2 (electrice) si M5 (magnetice)

@ se ajunge prin compactificare la un spatiu multi-centru Taub-NUT cu
supersimetrie N=2

Ansatz-ul pentru metrica si campul de etalonare pentru sarcinile M2 este:

VA4V4
&5t = ~(22:25) 22 (de+h)+(22:25) P+ (P25 bk + o)
1
YAV4 YAVA
+ ()0 + dd) + (T557) P (dd + dd) (1)
2 3
dt + k dt + k
C® — (' — L5 i A o + (% — 5 A dg A dat
1 2
dt + k
(- z+ YA dss A dxs (2)
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Punerea problemei

Obtinerea solutiilor se face de fapt in contextul metricii Taub-NUT:

d?sy = (V™) ~Hdy + A) + V™ds? (3)

cu un potential Gibbons-Hawking
/
VR % n %, A= geosfdo,  d2ss = dr? + r2d6? + r2sin®0d¢?

(4)
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Punerea problemei

@ solutiile almost-BPS sunt date de urmatoarele ecuatii obtinute prin
metode heuristice si constrangeri aplicate metricii in 11 dimensiuni

o) = — x, 00 (5)
d %4 dZ) = %em -0 (6)
dk — 4dk = ;0 (7)

unde
@ Z; sunt warp-factorii metricii
o ©) = da' sunt campurile magnetice dipolare ale teoriei (M5)

@ k este momentul cinetic orbital
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Notatii

o V¥ =h+ 2, Taub-NUT uni-centru

o V™ =h+ 94 % Taub-NUT multi-centru

= \/r2 + a% — 2rajcosf)
@ d; sunt dipoli magnetici

40

o KU = > i - functii harmonice caracterizand campurile dipolar

magnetice

Q" .. ) ) . .
>, functii harmonice caracterizand campurile electrice
1

° L/://+Zi
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Forma solutiilor generice

0 = d[K(dy + A) + b (8)
() 4(K)
l€k| gr  qr 47
Z =L+ h+ + 9
! ! 2 %:( djdg ajak) ijk ( )
k=u(dy+A)+w (10)
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N —
Ecuatiile in momentul cinetic orbital

Se porneste de la ecuatia:

dk — x4dk = 7,0 (11)

si se obtine:

1
vm = v Zdk" = v N dd =
d(V™u) + *3dw id 1d; dZ,-+

i

q q (1 4N € N K hg hqr
+(ht T+ )ZQ)df zdZ ”JK’Zd( DO+ =4 Sy

ik ajak
> hqg'  hq' r r’ 21 1
+q—+—c,’+ qr | adr , 9qr 4 d= (12)
djak r djak djayr djayr djak ijk Z,’

Rugina (UB) Black holes in multi-center Taub-NUT February 21, 2013 8 /30



N —
Ecuatiile desfasurate ale momentului cinetic orbital

d(V™ i) 4 x3dw® = dez, (13)
d(Vmu) 1 x3d® = zl Zl,( £0) (14)
VD) 73] = S (i £ .j#0) (15)
d(V™ ™) 4 x3dw® = r;idzli(i £0) (16)
AV 4 aduf®) = d (i £ 0) (17)
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N —
Ecuatiile desfasurate ale momentului cinetic orbital

AVD) o) = (i #].j 70 (18)
AVT) +esdefl) = ds (#5740 (19)
d(V7ulR)) + wadwlp) = T (i), k # 0) (20)
d(V™uG)) + adwly) = T,k # 0) (21)
d(V™ D) + x3dwly) = T (i, j.k # 0) (22)
d(V™uQ) + x3dw) = TS, k #0) (23)
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N —
Ecuatiile desfasurate ale momentului cinetic orbital

Q) st = TG A R o
AV ¢l =TGR )

with

11,1 11,1
W gt = Cde+ = —d= (26)

UL W A WA VB A NI WD W ¥
1 1 1 1 1 1 1 1 1
©) _ gty Sdi 4 —d=  (27)
a,-ajZ,-Zj Zk aka,-ZkZ,- Zj ajaijZk Z,‘
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Ecuatiile desfasurate ale momentului cinetic orbital

o_t, ryttr,r 1 orytrr, 1 1 o ry11,1
Uk (r a,-aj)Z,-Zj Zk+(r+aaj)ZkZ Z (r+a,-aj)ZjZk Z,‘
(28)
11 1 1 11 1 1 11 1
TW = s —det(t—)=—=d= ——d—
ijk (r’ a,-aj)Z;Zj Zk+(r/+aaj)2 Z,’ Zj+(r’+aaj Z Zk Z,‘
(29)

(5) _ (2)
Tiw =7 Tt (30)

76 _ 70
uk = Tijk (31)
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-
Solutiile ecuatiilor in p si w

v (1) v L h rcosf) — qr— a;cost
V :ui (ra07¢) - 22,” i (r ‘9 d)) zi d¢+ 2 aizi dgb
(32)
Ve 6,¢) = w?(r,0,4) =0 (33)

1 1 3) B 4+ ajaj — (aj + aj)rcost
(34)

0 rsin®6
Ve D(r, 0, ¢) = 22 @ (r,0,¢) = d

%% (ra 7¢) 28,'2,27 W, (r, ,d)) 23[_2% o (35)
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-
Solutiile ecuatiilor in p si w

r?+ ajaj — 2ajrcost)
2aj(a,- — aj)rZ,-Zj ’

w(.‘r’)(r 0.6) = r(aj + ajcos?0) — (r? + a;aj)cost)
u T 2aj(a,- — aj)Z,-Zj

Ve (r,6,0) =

d¢ (36)

u, (6) _ 1 RO, _
V Huk (r79) ¢) - lejzk Uk (r 0 Qb) 0 (37)
Y T ... ¢/ PR R . LA
S A AR TEITS 5 0 W LA AR TPTER w3 3

(38)
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-
Solutiile ecuatiilor in p si w

r’(aj + aj + ak) + a;ajak
2a,-ajaer;ZJ-Zk

Veul)(r,0,0) = (39)

r3+ r(ajaj + ajax + ajax) — (r’(a; + aj + ax) + ajajax)cost
2a,-ajakZ,-ZjZk

wi(r,0,0) =

(40)
m (@) _ rcost — ajsind (&) _ r—r'cosb
4 Ui (r,r',@,qﬁ)—w, Wi (r,r',G,gZ))—WdQS
(41)
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-
Solutiile ecuatiilor in p si w

/

Vel 0, ) = ———
2 12 /
YN +r'*+ajaj— (ai +aj)(r—r )cosGd "
CUU (r? r 9 ) ¢) 2a’ajzlzj ¢ ( )

(9) y (r' + ajsind)(r — ajcosd)(r — axcosh)
MU (I’ I’ ¢) a;ajakZ?ZjZk +
(r' + ajsind)(r — axcost)(r — a,-cosH)+
a,-ajakZ,-Z?Zk
N (r' + aksind)(r — ajcosf)(r — ajcost)
a,-ajakZ,-ZjZi

(43)
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-
Solutiile ecuatiilor in p si w

r'* + r* + ajayrr’sing
a;ajakZ?ZJZk
r'* 4+ r* + ajaxrr'sing
a,-ajakZ,-Zka

r'* + r* + ajajrr'sind

wl(ﬁ()(ra I’/,9,¢) = (

do (44
a,-ajakZ,-ZJ-Zi )¢ ( )
m (10 r' cosf r"2cosO(r — 2ajcosl
Vg 0.0) = = U 2aicost)
ajajary iy ;Y ajaja Yy Y
r?cosf(r — 2ajcost))  r’>cos(r — 2a,cost) (45)
a,-ajakZ,-Zka a,-ajakz,{jzi
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-
Solutiile ecuatiilor in p si w

2r'?sin%0 r'sin?0(r? — 2a%cost)
a,-ajakZ,-ZjZk a;ajakZ?ZjZk
r"?sin®6(r? — 2a cost)
a,-ajakZ,-Zka
r?sin®0(r? — 2a3 cost)
a;ajakZ,-ZjZi

WG (r,r,6,6) = (

)d¢  (46)

(11) rr'? — ajajay cost r"3sinf + ajajay

(VAL (O =
MUk ( LA 7¢) aiajaerZiszk 2aiajakZ?ZjZk
r’3sind + ajajax  r'sind + ajajax
2a,-ajakzizfzk 2ajajak X%}

(47)
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-
Solutiile ecuatiilor in p si w

WD 0. 8) = ( r'?cosf) N r* + r'cosf + r'ajay
ijk o a,-ajakZ,-ZjZk 2a;ajak2?2j2k

r* 4+ r'cos + r%a;a, r* + r'*cos + r’2a,-aj)d¢ (48)
2a,-ajakZ,-Zka Za;ajakZ?ZjZk
; q'rcos6 ; r'sinf
p (' 0,0) = 5=, WP 0,0) = ——do  (49)
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Solutiile ecuatiilor omogene

WD (1, 7,6,0) = (o + Y 8 + DI SRR CY
sin0 15}
WID(r .0, 6) = kde— chos@ d¢+z rsin i do— 15do (51)

I
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Solutia completa in

pu(r.r'.0,¢) = Z(/ o + Q" (b + qu™))+

+3°Q"d! hu(3)+quu +ZQ(' dVq' i) + 57 Q" d g u )+

i#j i#j
+3d uffk) + (4 + q°)ugg) + haug))+
ij,k
1) () 6 9 10 1
+)° df )dj( V! )(q’hugk) +qq (Hgk )+ ngk ) + pshire + p2 (52)
ik
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.
Solutia completa in w

w(r.r'.6.6) =3 (I d,-(”wf”w,-“)d,-‘”qwf“)>+Z Qi (hp+qui) +
i i#j
n Z Q"™ + 3 QP g+
i#

. d,-“’d}”dé”(h%g-k) + (@ + g2)wfy) + hawy)+
INNS
+2- 4P a3 hofp) + ad (@ + W)+ wann + 0D (53)
ij,k
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Regularitatea solutiilor

@ w poate avea singularitati de tip stringuri Dirac-Misner si acest lucru
conduce la CTC

@ pentru a elimina aceste singularitati impunem conditia w = 0 pe axa z

@ de asemenea in apropierea polilor functiilor harmonice factorii warp si
momentul cinetic orbital trebuie protejati de singularitati

@ aceste constrangeri fixeaza solutia ecuatiilor omogene
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Moduli fixati din solutia omogena

(1 4
5d" Q" d;
— _ i —h ! J
& qz 28,' Z 2(aj — a,-)+
i i#
hqg qh 1 1 1
d(l)d(2)d(3) /
+ % ! J k (2a;ajak + ajajag +aq (a,?ajak * a,-ajgak + a,-ajai))
(54)
- Z //d,-(l) hz Q(()l)dj(') Qi(l)dj(l)
Mo = q9 - 23,‘ - 23,‘ | — 2aj(aj — a,-)
i i i#j,i#0
hq 1 1 1
+ d(l) d(2) d(3) + aq’ + + 55
id;{ ! J k (2a,-ajak aq (2(a;aj)2 2(ajak)2 2(aka,-)2 )) ( )
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Moduli fixati din solutia omogena

_ i (I l)/ (I I)
m; 2 (h+3,) Q 22+22|al_ |[Q (h+ )

(1) 42 4
C Qg 9y Qg @it @) hadi T,

]+[

aj i 23,23} a’
() 4(K) (1) 4(2) 43)
leuk| d; , . d;”d, d;d?d;
1 . I _ / h I I
> o jgk sign(aj — a;)sign(ax — a;) Py |+ [731 ]+
(J) 4(K)
,|€/JK| d;™"d,
12 E sign(a; — a;)sign(ax — aj) s (56)
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Moduli fixati din solutia omogena

Q(/) (/

Z 2(aj — a,

! !
’QJK’ Zd(/ d(K) 99 (hq+hCI)) (57)

2 .
a “ajak a;jajay

ij,k
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Regularitatea solutiilor in centri Taub-NUT

1 gcos®  q'sinf
P | d(’) . _
Hlr=0.r=0 EE:(’ 227 ' 2ha}  2ha?

(1410 1 g 1 4O @ 3N
+ZQ (2an h2aj2(a,'—aj))+z e *

+Q') ()

1 J L.
i ik 29k
'sinfcos?6 , 1 1 1 mo +
j gombeosf Ly L Iy ™0 g (sg)
a;jaja a; a; aj h
OJ| —0.r'=0 — (Z _/Id(l)( qcosa Z Q(I d(l) h
r=u,r= : J aJ o al)
i i#j
gcost 3) hgcosf)
— d +r—mgcosf—)» mi—p3)de -
2aj(aj — aj) 2a iaj IZ;( k 2ajajay ; =)
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-
Regularitatea solutiilor la orizonturi

Iy = Z1ZoZ5V™ — 12 V™2 (60)
si elementul de volum in jurul polului X; = 0 este:
gH, = Li(laT?sin®0; — w3)/? (61)

Dezvoltand in jurul lui ; = 0 se obtine:

/
0; _
o~ —20,dMdPdPn+ TIREL o5 (62)
wy R X (63)
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Regularitatea solutiilor la orizonturi

Conditia de regularitate a metricii si absenta CTC in afara orizontului este:
a; =0 (i>1) (64)
cu acesata conditie aria orizontului in jurul lui ¥; = 0 este:
Ay = 1672qq 3/ (65)
unde Jy este invariantul quartic E7(7) dat de:

_1 OB O PNOINO IS T2 0D\2 _ 5 5(1) 5(2) 53)
J4—2§d,- g7 QPR =7 > (d)AQ) 24V d d i (66)
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Concluzii

@ in aceasta lucrare au fost obtinute solutii de microstari almost-BPS
pentru gauri negre coliniare cu unul dintre centri Taub-NUT intr-un
Taub-NUT cu 2 centri in 4 dimensiuni

@ aceste solutii permit calcularea entropiei gaurilor negre almost-BPS si
permit testarea ipotezei 'fuzzball’

@ conditiile de regularitate asupra solutiilor determina moduli ai
solutiilor ecuatiilor omogene si fixeaza complet solutiile

@ pornind de la solutii BPS au fost construite generalizari non-BPS in
literatura pentru gauri negre cu 3 sarcini

@ in literatura s-a facut o clasificare a solutiilor non-BPS pe baza
orbitelor nilpotente ale grupurilor de simetrie in SUGRA N=8
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