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Based on:

A Supersymmetric Black Ring, hep-th/0407065;
Supersymmetric Black Rings and Three-charge Supertubes, hep-th/0408120,

with H. Elvang, R. Emparan, and H. Reall

Supertubes, hep-th/0103030,

with P. Townsend

Supergravity Supertubes, hep-th/0106012,

with R. Emparan and P. Townsend

Tachyons, Supertubes and Brane/Anti-Brane Systems, hep-th/0112054,
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Supersymmetric Black Ring = Supersymmetric,
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Supersymmetric Black Ring = Supersymmetric,
Asymptotically Flat,
Stationary Black Hole Solution of 5D Supergravity

Pirsa: 04090004 Page 5/122




Supersymmetric Black Ring = Supersymmetric,
Asymptotically Flat,

Stationary Black Hole Solution of 5D Supergravity
with Horizon Topology S x S2
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Supersymmetric Black Ring = Supersymmetric,
Asymptotically Flat,

Stationary Black Hole Solution of 5D Supergravity
with Horizon Topology S x S2

Ty Times flat directions = Black Supertube ek




2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

F1

DO

I'eye=¢
I'ppe=¢
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

=1
! o
Do >

Q

Q

Q
I'eye=c¢
I'ppe=¢
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

1/4-SUSY preserved

=1
® J .

.DO e

S . :
[, e=¢ Tubular D2/F1/D0
[ppe=¢ Bound State
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

1/4-SUSY preserved

Q;, and Q_, dissolved as fluxes
1
! J
Do >
a
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a
[ e=¢ Tubular D2/F1/D0
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

1/4-SUSY preserved

Q;, and Q,, dissolved as fluxes
J generated as integrated Poynting
F1
! J
Do >
Q
Q
3
I'eye=c¢ Tubular D2/F1/D0
[ppe=e Bound State
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

1/4-SUSY preserved

Q;, and Q,, dissolved as fluxes
J generated as integrated Poynting
E = Qg + Qp
F1
! J
s
Q
@
&
I'e,e=c¢ Tubular D2/F1/D0
[ppe=e Bound State
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

1/4-SUSY preserved

C Q. and Q_, dissolved as fluxes
J generated as integrated Poynting
E = Qg + Qp

Arbitrary Cross-section Cin ES:
(and charge densities)

[, e=¢ Tubular D2/F1/D0
I[ppe=¢ Bound State
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

1/4-SUSY preserved

i Q. and Q_, dissolved as fluxes

J generated as integrated Poynting
E = Qg + Qp

Arbitrary Cross-section Cin ES:
(and charge densities)

TS-Dualizing = "Helical’ String with
Left-moving wave on it

1=

[, e=¢ Tubular D2/F1/D0
Ippe=¢ Bound State
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2-charge Supertubes: DBI (Worldvolume) Description

Supersymmetric Brane Expansion in Flat Space by Angular Momentum

1/4-SUSY preserved

C Q. and Q_, dissolved as fluxes
J generated as integrated Poynting
E = Qg + Qp

Arbitrary Cross-section Cin ES:
(and charge densities)

TS-Dualizing = "Helical’ String with
Left-moving wave on it

1=

[, e=¢ Tubular D2/F1/D0
Ippe=e Bound State
Liaggnny, S| SY No net D2-brane charge ......

but dipole q,, ~ np,




2-charge Supertubes: DBI (Worldvolume) Description

For circular Supertube of radius R:

_ VQr1@po — Qr®@po — 2
- 4D2 . aD2 gp21t

a
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2-charge Supertubes: DBI (Worldvolume) Description

For circular Supertube of radius R:

_ VQr1@po — Qr®@po — 2
- 4D2 g 4D2 gp21t

For general system with F1/D0 charges:

Peooe
QrQ Qr1@po
D Re¥OEdm 1<%
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2-charge Supertubes: DBI (Worldvolume) Description

For circular Supertube of radius R:

For general system with F1/D0 charges:

Peoo
QmQ Qr1@po
D Re¥OEdm 1<%
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2-charge Supertubes: DBI (Worldvolume) Description

For circular Supertube of radius R:

For general system with F1/D0 charges:

Qr1Q Qr1@po
Rﬂ\/égg Do o=
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2-charge Supertubes: DBI (Worldvolume) Description

For circular Supertube of radius R:

§ VQF1Qpo J= @F1€Dp0 — —

For general system with F1/D0 charges:

QrQ Qr1@po
RE\/JDIQDD e

Or eliminating q,:

J? < R?Qr1 Qpo
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2-charge Supertubes: Supergravity Description

ds?2 = U W 12@dt4w)24+ U242 4 v1/24z. 4z

By = U l@dt+w)Adz O
C1 = -V i(dt+w) z

C3 =

U ldt Adz A w
i 7 mJ

Z(o)
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2-charge Supertubes: Supergravity Description

AR L e (dt + 4)2 g U—ll__-j_zg . 4 1-'1/2 e
By, = U ' (dt+w)Adz O
C; = -V 3i(@dt+w) :
U3 = U dt Adz A w _"—I
e = y-1/2y3/4 =
U(x) and V(x) harmonic functions on E8 O

Z(o)
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2-charge Supertubes: Supergravity Description

o SRR e e L (dt + 4)2 p U‘H-'lf? 42 n 1.__1/2 35 g3
By, = U !(dt+w)Adz O
C; = -V 3i(@dt+w) :
C3 = U ldt Adz A w . ‘—I
e = y-1/2y3/4 7
U(x) and V(x) harmonic functions on E8 O

Z(o)

1-form o(x) satisfies Maxwell on E3: d * d @ =0
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2-charge Supertubes: Supergravity Description

ds? = - U W 1V2(@4+u)24+U0W124.24vi24z. 4z

By = U l@dt+w)Ardz O

C; = -V i(d+w) -

Lz = ~ U ldt Adz Aw

Ef{f? s U'—lfzi‘__.-Sf-ﬂ- f
U(x) and V(x) harmonic functions on E8 O
1-form o(x) satisfies Maxwell on E3: d * d @ =0 :'U(g)

. . d () — z;(o) i

U(I) =1+ QFI .IC |f_f€rg)|5 "‘"(3:) — 950 fC do—|f_f(ﬂ.)|5 dx
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2-charge Supertubes: Supergravity Description

By = -U l(@dt+w)Adz O
C; = -V i(dt+w) 5
L = U dt Adz A w
Ecﬁ:‘ [ U'—lfzi‘__.-Sf&T- f
U(x) and V(x) harmonic functions on E8 O
1-form o(x) satisfies Maxwell on E3: d * d @ =0 :,t;‘(o')
] - d B e il I;(U) i
U(I) =1 + QFI IC |:E:'——:EETG-)|5 ""’('T) — O fC dg|f_f(ﬂ.)|5 dx

Netcharges: Jsz *H3=Qp1  Jsg xG2 = Epo J=q,, R?
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2-charge Supertubes: Supergravity Description

d52 — _Lr—-l‘[._r—lf2 (dt + W)Q + L*—l]r'l)/g dEE + 1'1/2 df df

By = -U l(@dt+w)Adz O

C; = -V i(dt+w) 5

Lz = ~ U ldt Adz Aw

e = y—1/2y3/4 T
U(x) and V(x) harmonic functions on E28 O
1-form o(x) satisfies Maxwell on E3: d * d @ =0 :,I;‘(o')

ow e 4 s zi(o) 5 i

U(I) =1 + QFI Ic |f—f?&‘)|ﬁ “"('T) — 4p2 fC d0'|1_:,_f(0_)|6 dx

Netcharges: Jsz *H3=Qp1  Jsg xG2 = Epo J =q,, R?
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2-charge Supertubes: Supergravity Description

No net D2 charge, but D2 dipole (and higher) moments:
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2-charge Supertubes: Supergravity Description

No net D2 charge, but D2 dipole (and higher) moments:

115

/
/
/
/S

/ v

/’ G4=d[aiif§?dtﬂdzndw]+---
//
r o/
Vi
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2-charge Supertubes: Supergravity Description

No net D2 charge, but D2 dipole (and higher) moments:

G4—d[—-2-——g-)-,¢dtﬁdzndw]+-..
Jsgc*GaL:O
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2-charge Supertubes: Supergravity Description

No net D2 charge, but D2 dipole (and higher) moments:

Gy —d[—g—mdtf\dzx\dw] ——
Jsgc *xG4 =0
Easily understood ~ D2/anti-D2 pair:

CrE———"-- 15 *Gq_:Q'DQ

‘rﬂ’h’]‘”
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2-charge Supertubes: Supergravity Description

No net D2 charge, but D2 dipole (and higher) moments:

G4—d[—g—mdtf\dzhd¢]—|—---
JSEC*G4:O

Easily understood ~ D2/anti-D2 pair:

- I 6 *Gq_:Q'DQ

ﬂ.muH

Bound recovered: Absence of CCCs — ]2 < R2 Qr1®po
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2-charge Supertubes: Supergravity Description

No net D2 charge, but D2 dipole (and higher) moments:

G4—d[—g—mdtf\dzhd¢]—|—---
Jsgc*GaL:O

Easily understood ~ D2/anti-D2 pair:

Comm— - I 6 *Gq_:Q'DQ

‘rﬂ’!f]‘”

Bound recovered: Absence of CCCs — ]2 < R2 Qr1®po

Linearity of egs =—==ep Multiple-tube solutions
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2-charge Supertubes => D1/D5 System

D

DO:
d2: ¢ 1

¥
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2-charge Supertubes ==> D1/D5 System

© = & 1 T1 = 1
DO: T 1 D1: 1
S or 1 al: o

Pirsa: 04090004 Page 35/122




2-charge Supertubes => D1/D5 System

e,
T2345 P: 1
—— 5 1 2 3 45
ds: 49 2 3 £ 5
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2-charge Supertubes => D1/D5 System

-

= 5
DO:
d2:
-
R,
T2345 P:
s 5
d5:

Pirsa: 04090004
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T

—-

NN
n

e S __p-‘fl.p
S P:
ns5:

D1:

dl:
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2-charge Supertubes => D1/D5 System

A S s

T1 P: 1
DO: —_ 1 D1: 1
d2: v 1 dl:

S — __p-‘fl.p

:_,w

T2345 P: 1 S =% 1

— 5 1 23 45 N S A
ds: o 2 3 45 nss: q 2 3 45
F1: 1

T1

e NS5: EXEES

Kk5: 7 e 2 3 4 5
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2-charge Supertubes => D1/D5 System

> SR

I 3

D0O: “—
g o 1

H_%___JW

T2345 P: 1

—— 5! 1 2 3 45
ds: o 2 3 £ 5
= 1

T

— NS5: TF 3 &5

kk5: o « 2 3 4 5
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3-charge Supertubes and Supersymmetric Black Rings:
Supergravity Description
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3-charge Supertubes and Supersymmetric Black Rings:
Supergravity Description

First, lift 2-charge supertube to M-theory:

F1: 1
DO:
dQ: T_,"I.a' ]_
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3-charge Supertubes and Supersymmetric Black Rings:
Supergravity Description

First, lift 2-charge supertube to M-theory:

= 1 T34 | |

DO: EE————— D2:
dZ2: ¢ 1 d4. ¢ 1

W W
e
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3-charge Supertubes and Supersymmetric Black Rings:
Supergravity Description

First, lift 2-charge supertube to M-theory:

= b 1 T34 FE 1 Lift MQ E 2

DO: —— D2 3 4 —
d2: ¢ 1 d4. ¢ 1 3 4
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With 3 charges, each pair expands:

Q1 M2: 1 2
Qo> M2: 3 4

5 6
g1 Mb5: 3 45 6 %
g I 2 5 6 9
ggsmb: 1 2 3 4 P
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With 3 charges, each pair expands:

Q1 M2: 1 2
Qo> M2: 3 4
5 06
g1 Mb5: 3 45 6 %
g 1 2 5 6 ¢
g T 2 3 4 ()
. ’,
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With 3 charges, each pair expands: b OTQ“/ r

Q1 M2: 1 2
Qg M2: 3 4
5 6

g1 Mb5: 3 45 6 v

gamns I 2 5 6 ¥

g T 23 4 P

e Vb J
b3 v

T6={z! ...,Z5 E*={r,0, vy, ¢}
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With 3 charges, each pair expands:

Qi M2: 1 2
Q‘g M2: 3 4
= G

g1 Mb5: 3 45 6 %

gombS: 1 2 5 6 ¢

gga: T 2 3 4 P

\. /\ J
' 3 Y

Te={z' ...,Z5 E*={r,0,y, 0}

ds? = ds3 + X1 (d2F + d=3) + X2 (a5 + d=3) + X3 ( )
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With 3 charges, each pair expands:

Q. MZ 1 2
Qg M2: 3 4 :
5 06
g1 Mb5: 3 £ 5 6 %9
gom5: 1 2 56 v
g I 2 3 4 P
% FA J
b3 b

T6={z' ...,Z5 E*={r,0, vy, ¢}

ds?® = dsg + X1 (dzf + d23) + X2 (d23 + d=3) + X3 ( )

X* = H; 1 (HyHyH3)/3 | x1x2x3=1
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With 3 charges, each pair expands: b OT‘Q"“‘/ r

Q1 M2: 1 2
=
g1 Mb5: 3 45 6 v
gom5: 1 2 5 6 o
g3 Mmb5: L2 23 4 P
\. I\ J

Y Y
T=—fF 9 E4={r,0,y, ¢}

ds? = dsg + X1 (dzf + d23) + X2 (d23 + d=3) + X3 ( )
X' = Hy ' (H HyH3)'3 | x1x2x3=1

ds?2 = —(HyHoH3) ?/3(dt + w)? + (HyHaH3)Y3da23

Pirsa: 04090004 Page 49/122







With 3 charges, each pair expands: b OT‘Q“‘/ r

Q M2: 1 2
Q‘g M2: S

g1 Mb5: 3 4
g> Mmb5: 1
ggmb: 1

¥

oo
g O O |

¥
3 4 (1 h

2% J
o ¥

T=—fa 9 E4={r,0,y, ¢}

ds? = ds% — x1 (dz% —+ dz%) + X2 (u’z% + dzﬁ) + x3 ( - )
X* = H; 1 (HyHyH3)'/3 | x1x2x3=1

—(HyHoH3)™2/3(dt + w)? + (HyHoH3) Y/ 3dz3
2

ds%

Q1 — g2q3 r
> + g293 ZQ
2

Hq 1+

Q2 — q193 r

+ = + g1493 ZQ
—q192 r2
— P
+ 5 + q142 52
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With 3 charges, each pair expands: b OT‘Q‘*/ r

dxrE I 2
5 0O
g1 Mb5: 3 45 6 %
gomb: 1 2 LT B
g 1T 234 () b
N J\ J

-~ Y
T=—f* 29 E4={r,0,y, ¢}

d.SQ:dS%—I—Xl (dz%—l—dz%)—I—Xz (dz%—l—dzg)—l—}(e’( - )
X* = H; 1 (HyHyH3)'/3 | x1x2x3=1
dsg = —(HyHpH3)"2/3(dt +w)? + (HyHyH3)'3da}
- .
Hy =1+ @1 Z‘EQ% == QQQ3% v )= \/(’rz — R%)? + 4R%*?cos? ©
2
— T
Hy =1+ Q2 qufi'?, = 9193 v
s 2
=1+ L

> b -
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With 3 charges, each pair expands: b OT‘Q“*/ r

Q1 M2: 1 2
5 6
g1 Mb5: 3 45 6 %
gam5: 1 2 5 6
ggm5: 1 2 3 4 P
% AN J
B4 Y
Te={z',...,Z°% E*={r,0,y, ¢}
ds® = dsg + X' (dof + d23) + X2 (d25 + dz3) + X3 ( )
Xx* = H; 1 (HyHyH3)'/3 | x1x2x3=1
dsg = —(HyHpH3)"2/3(dt +w)? + (HyHyH3) Y 3da}
Bl 2
H =1+ Zqz% - qz%% >(r,©) = /(2 — R2)2 + 4R%2cos2 ©
Q2 — 9193 =
Heoy=—1 il
2 + = + 9143 52
o — q1q2 r2
=1+ + 9192

> s T
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With 3 charges, each pair expands: 0 OT‘Q“‘/ r

Q1 M2: 1 2
Qg M2: S O CuEe
B
g1 mMb5: 345 6 v
goms5: 1 2 5 6 o \*
ggmb: 1 2 3 4 P -
. J\ )
2'g Y
Te={z', ...,z E*={r,0,y, ¢}
ds® = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d22 + d=3)
Xx* = H; 1 (HyHyH3)'/3 | x1x2x3=1
dsg = —(HyHpH3)"2/3(dt +w)? + (HyHyH3) Y 3da}
e 2
HH=1+4+ @1 Z‘EQ% + goq3 % i) = \/(’rz — R?)2 4+ 4R?%r? cos? ©
-
— T
Hr =1+ @2 ZQI% + 9143 52 w(r, ©; Qi, ¢, R) = wy dp + wy do
;Y_}
— q1¢o T‘z Extra angular momentum

—— iy o £
& 5 + q142 52
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With 3 charges, each pair expands: b OTQ‘/ r

Qi M2: 1 2
Q‘g M2: fiiearc & Sota
= 0
g1 Mb5: I ES &9 _
¢ m5: 1 2 5 6 1 e
g I 2 3 4 P Y
% 2N )
By Y
Te={z', ...,z E*={r,0, vy, ¢}
ds® = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d22 + d=3)
Xx* = H; 1 (HyHyH3)'/3 | x1x2x3 =1
dsg = —(HyHpH3)"2/3(dt +w)? + (HyHy1H3)'3da}
o 2
Hi =1+ @1 Z@Qa + ¢oq3 % 2l G) = \/(’rz — R2)2 + 4R%r? cos? ©
., Q@ -qa i s e el
Hy=1+—"F"+anas w(r, ©;Q4, g, R) = wy dp + wy do
'_Y_)
= — q19> . i Extra angular momentum
i 3 9192 y Globally well-defined (no Dirac-Misner strings) since
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With 3 charges, each pair expands: o > _JT____H/
Q1 M2: 1 2
¢ =S

g1 M5: 3 45 6 %

goms: 1 2 5 6 R

ggsms5: 1 2 3 4 W U

8 FA J
i h

TEZ{Z1,---7ZE} Edf:{r:@vq)‘vd)}

ds? = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d22 + d=3)
X* = H; 1 (HyHyH3)'/3 | x1x2x3=1
dsg8 = —(HyHoH3)"%/3(dt + w)? + (H1HoH3)Y 3dx3?
Hy =14 91-R8B . g S G A2dz3 A dzg + A3

3 2

Pirsa: 04090004

Page 56/122




With 3 charges, each pair expands: o S _JT____H/ r
Q1 M2: 1 2
Q‘g M2: Siieange. v Soims b e
g1 Mb5: . EE S WP
gom5: 1 2 5 6 T~
ggm5: 1 2 3 4 ¥ v
\. LN J

N B
TBZ{Z1,---7ZB} E4:{r1®1W1¢}

ds® = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d22 + d=3)
X% = H;1(H1HyH3)/3 | x1x2x3=1
dsg = —(HyHp!3)"2/3(dt + w)? + (HyHoH5)  3dad
Hy =1+ 91 _qu + goq3 ;—22 . A= A'dzy Adzo + A2dz3 A dzg + A3

A= H M (dt+0) + 5= [ + 22 - R dy + (> + 22 + R)dd]

Pirsa: 04090004
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With 3 charges, each pair expands: (N -J‘T%—-ﬂ/ .

Q1 M2: 1 2
Q‘g M2: R O SR
g1 Mb5: X ES5 6 %
¢ m5:. 1 2 5 6 4 N
gams5: 1 2 3 4 " -

5 J\ J

B’ 3 A
TBZ{Z1,---7ZB} E"r:{rj@’qj’(i)}

ds® = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d22 + d=3)
Xx* = H; 1 (HyHyH3)'/3 | x1x2x3=1
dsg = —(HyHp!3)"2/3(dt + w)? + (HyHoH3)  3dad
Hy =1+ 91 ;‘*’293 + goq3 ;—22 . A= AYdzy Adzo + A%dz3 A dzg + A3

A'=HM (de+w) + 5= [+ 22 - R)dy + (% + 22 + R)dg)

=mp (); = M2 charges
Pirsa: 04090009‘?: = M5 d|p0|ES
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With 3 charges, each pair expands: o > 'JT%H“/

hMx ¥ 2

Qg M2: e T ST

g1 Mb5: . . EE£E5 6%

¢om5: 1 2 T e

gsm5: 1 2 3 4 0 b
% AN J

N b J
TBZ{Z1,---7ZB} E4:{r1®1W1¢}

ds® = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d=2 + d=3)
X* = H; 1 (HyHyH3)'/3 | x1x2x3=1
dsg = —(HyHpH3)"2/3(dt +w)? + (HyHy1H3)  3da}
i 2
Hi =11+ @1 Zquﬂ + g2q3 % , A= Aldzl N dzo + Azdzg Adza + A3
A' = H (de+w) + 5= [+ 22 - R)dy + (% + 22 + R)dg)
m— (); = M2 charges Q1 =Q1—q2q3, Q=02 —q1q3, = Q3 — 192
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With 3 charges, each pair expands: b > _JT%E/
g I 2 _ |
e s
g1 Mb5: e O S TR e
¢om5: 1 2 T S~
ggmE I 2 3 4 (1 -
Y £\ /

N A
TBZ{Z1,---7ZB} E4:{r?®=‘%¢‘}

ds® = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d22 + d=3)
Xx* = H; 1 (H1HyH3)'/3 | x1x2x3=1
dsg = —(HyHyH3)"?/3(dt + w)? 4 (HyHoH3)Y 3dag
i 2
Hi =11+ @1 ZQQQ3 + q2q3 % , A= Aldzl N dzo + Azdz;:; Adza + A3
Al = H ' (dt + ) + S [P + 22 = B)do + (2 + 22 + R?)do]
—— (); =M2 charges Q1=Q1 9293, Q2 =Q2—q193, =Q3 —q1¢>
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With 3 charges, each pair expands: o > -JT%—-H/ s
Q1 M2: 1 2 _
Qg M2: SRR e e
q1 MS: . . EES5 LY
gopm5: 1 2 5 6 S~
gsm5: 1 2 3 4 b v
h ! FA J

N B
TEZ{Z1,---7ZE} E4:{r1®1W1¢}

ds® = dsg + X! (d2f + d23) + X2 (d23 + dz3) + X3 (d22 + d=3)
X* = H; 1 (HyHyH3)'/3 | x1x2x3=1
dsg = —(HyHpH3)"2/3(dt +w)? + (HyHyH3) 3da}
Bt 2
Hi =11 @1 Zquﬂ + g2q3 % , A= Aldzl N dzo + Azdz::; ANdza + A3
Al = H ' (dt 4 w) + S [ + 22 = B)dy + (2 + 2 + R)dg]
= (); = M2 charges Q1=Q1—¢qq3, QL2 =Q2—q193, 23 =03 —q192

Pirsa: 04090009‘?: = M5 d|p0|ES
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Physical Properties 1 i
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o8- D, __Q
Physical Properties 1

Solution preserves 4 supercharges (1/8-Susy in 11D) / é
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Physical Properties

O NT,
B e
/ /”"
Solution preserves 4 supercharges (1/8-Susy in 11D) / Sy, 74
£ v /

Stationary and asymptotically flat (in SD)
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Physical Properties

(04O, »r
S i
/ /
Solution preserves 4 supercharges (1/8-Susy in 11D) / \é 4
/ b /

Stationary and asymptotically flat (in SD)

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:
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S h— r
Physical Properties 0> 212

Solution preserves 4 supercharges (1/8-Susy in 11D) /

o /
Stationary and asymptotically flat (in SD) b

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:

.

Jy = — (q1Q1 + ¢2Q2 + ¢3Q3 — ¢19293)
8Gs

Jy = ——2R?(q1 +qo+q3) + J,

8G's
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O
N - r
Physical Properties ] 2

Solution preserves 4 supercharges (1/8-Susy in 11D)

\\""h
Stationary and asymptotically flat (in SD) b

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:

=
Jy = — (q1Q1 + ¢2Q2 + ¢3Q3 — ¢19293)

8?5 -_— J,>.J,
Jy = —2R*(q1+q2+a3) + Jy

8G's

Pirsa: 04090004 Page 67/122




Ty

S 4 r
Physical Properties s

Solution preserves 4 supercharges (1/8-Susy in 11D)

\\""h
U

Stationary and asymptotically flat (in SD)

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:

-
Jy = — (q1Q1 + ¢2Q2 + ¢3Q3 — ¢19293)

855 — ]L» - .I{:J
Jy = —2R?*(q1+q2+q3) + Jy

8Gs

(Mass is fixed by BPS bound: M = Q1 + Q2 + )
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i

B . r
Physical Properties il

Solution preserves 4 supercharges (1/8-Susy in 11D)

\\""h

Stationary and asymptotically flat (in SD) h..

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:

W
Jy = — (q1Q1 + ¢2Q2 + ¢3Q3 — ¢19293)

855  r— Jy > Jg
Jy = —2R?*(q1+q2+¢q3) + Jy

8Gs

(Mass is fixed by BPS bound: M = Q1 + Q> + )

1
Absence of CCCs <mms L° = 24 (2 > QiiQjaj — Y Qfaf — 4R’ Y q@) >0
i<j i i
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\

E_.-f' — r
Physical Properties i

Solution preserves 4 supercharges (1/8-Susy in 11D)

\\""h

Stationary and asymptotically flat (in SD) -

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:

i
Jy = — (q1Q1 + ¢2Q2 + ¢3Q3 — ¢19293)

8?5 — Jyp > Jg
Jy = —2R?*(q1+q2+¢q3) + Jy

8Gs

(Mass is fixed by BPS bound: M = Q1 + Q> + )
1
Absence of CCCs < L° = s (2 > 9i4iQjq; — z Q7qf — 4R%q> Z %) >0
1 2

14 i<j

===p Upper bound on R, or equivalently on Jy;, — J
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N

H . r
Physical Properties L S

Solution preserves 4 supercharges (1/8-Susy in 11D)

\\""h

Stationary and asymptotically flat (in SD) hd

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:

=
Jy = — (q1Q1 + ¢2Q2 + ¢3Q3 — ¢19293)

855 o ]L» 2 F
Jp = = 2R? (g1 + g2+ q3) + J,

8Cs

(Mass is fixed by BPS bound: M = Q1 + Q2 + )

1
Absence of CCCs s L° = v (2 > QigiQjaj — Y Qfaf — 4R’ Y '?z) >0
i<j i i

===p Upper bound on R, or equivalently on J;, — J;

2~ (0 === Regulareventhorizonat "= R ,© =7/2oftopology s! x §2:
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®, r
Physical Properties 4

Solution preserves 4 supercharges (1/8-Susy in 11D)

\\""h

Stationary and asymptotically flat (in SD) hd

Independent Conserved Charges: Three Gauge Charges (); and two ang mom:

-
Jy = — (q1Q1 + ¢2Q2 + ¢3Q3 — ¢19293)

855 — Jy > Jg
e — 2R? (g1 + g2 + q3) + J

8Gs

(Mass is fixed by BPS bound: M = Q1 + Q> + )

1
Absence of CCCs s L° = 248 (2 > QiaiQjaj — Y Qfaf — 4R’ Y fh) >0
i<i : i

===p Upper bound on R, or equivalently on Jy;, — J

L2~ (0 ===p Regulareventhorizonat "= R ,© = /2 oftopology s! x §2:

2
rehofpou [, dyp'? - % i3 == L sets physical length, Az =27°La° e



Example:

Qi =Q ,q =q
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Example: j— Fccol3g o)
Ri=Q.,% =g Jy, o< J4 + 6qR2
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: ) 9. 1
= T ponbe ) A =2q\[3|(Q- )" - 4R
A — R 2 o
Q; Q 4 q Jy x Jp + 6qR 2 ((Q _ g2)2 2)
L-=3 — R
442

O — g2
R < — g
2(11
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; -
Example: —_— J, x q(3Q — ¢?) Ay =g \ 3 [(Q —q°)" - 4q?ff?]
i =Q ,q =gq . -
i 1 Jw x Jgy + 6gR [2—3 ((Q on "1’2)2 o RE)
4(;2
Q—¢°

"
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Example: ——

2
Jqﬁ X ‘-’1'(3‘9 == qg) Ag = w2 q \3 [(Q = qz) - 4:’;2:’{’.2]
Qi =Q ,q =q , 2
: t o i s T ((Q -q°)* Rz)
442 '
Q—g¢°

R <
Ay 2q

t}w — t}- {-,'r}
(R—0)
T4
-
Pirsa: 04090004 J‘U
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Example: — Js x q(3Q — ) y, G, S \.-";3 [ (Q ] qg)ﬂ i Hz]

Ri=Q,q=4q . 2
i { Jyp < Jp + OgR S ((Q_qz)z —Rz)
442 |
Q—g°
R
g .

L—0
(8! shrinks but Jy, # 01)
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Example: e ¥y oc a(3Q— ) e \"";3 [(Q B qg)ﬂ 3 4!?21{2]

Q:Q ydi — g - : 2
i i Jy x Jp + 6qR o ((Q - ¢%)* Rz)
442 '
Q—¢°
R<
_(g_ly 2[}
L—0

(S*shrinks but J,, # 01)

*}-T.L? — r}- {-,'r}
(R—0)
r}U
> t
Pirsa: 04090004 J'U J(I"J — 0 Page 79/122
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; 2
Example: —_— J, x q(3Q — ¢?) Ay =g \ 3 [(Q —q°)" - 4q?fa2]

Q:Q yq; — g - : 3
i i Jy o< Jyp + 6qR 12 =3 ((Q-G?)E _R:)
4(;2
Q—¢°
R
"~ o
L—0

(8! shrinks but Jy, # 01)

t}w — f}-@
(R—0)
r}U
Extends to o
-
> t
Pirsa: 04090004 J'U J(I"J — 0 Page 80/122

(S2shrinks,qg — 0, R — o0)



Non-uniqueness

7 parameters: Q, g, R
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Non-uniqueness

7 parameters: Q, g, R
5 independent charges: Q, J , J,
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Non-uniqueness

[ parameters: Q, q, R Classical infinite non-uniqueness
5 independent charges: Q, J_, J. parametrised by two continuous variables
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Non-uniqueness

[ parameters: Q, q, R Classical infinite non-uniqueness
5 independent charges: Q, J_, J. parametrised by two continuous variables

Contour-plot area as function of q, and q, keeping Q, = Q , J,, and J, fixed :
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Non-uniqueness

[ parameters: Q, q, R Classical infinite non-uniqueness
9 independent charges: Q;, J . J, parametrised by two continuous variables

Contour-plot area as function of q, and q, keeping Q, = Q, J,, and J, fixed :

I

J¢: - qu J¢H > J¢:

N\

q2

q1 |
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Non-uniqueness

[ parameters: Q, g, R Classical infinite non-uniqueness
O independent charges: Q,, J . J, parametrised by two continuous variables

Contour-plot area as function of q, and q, keeping Q, = Q , J,, and J, fixed :

I

J¢: - qu J¢H > J¢:

— 1 —~ 1
g2 q2

Even with extra requirement ==p  Infinitely-many
of constant area black rings
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Non-uniqueness

[ parameters: Q, q, R Classical infinite non-uniqueness
S independent charges: Q,, J . J, parametrised by two continuous variables

Contour-plot area as function of q, and q, keeping Q, = Q, J,, and J, fixed :

I

J¢: - qu J¢H ~ J¢:

: > 1 o 1 > 1
g2 q2 a2

Even with extra requirement =mp Infinitely-many (except for maximum area)
of constant area black rings
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Non-uniqueness

[ parameters: Q, g, R Classical infinite non-uniqueness
9 independent charges: Q,, J . J, parametrised by two continuous variables

Contour-plot area as function of q, and q, keeping Q, = Q , J,, and J, fixed :

I

J¢: - qu J¢H > J¢:

= 1 = 1 ; g
g2 q2 g2

Even with extra requirement =mp [Nfinitely-many (except for maximum area)

of constant area black rings
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Non-uniqueness

[ parameters: Q, q, R Classical infinite non-uniqueness
9 independent charges: Q,, J . J, parametrised by two continuous variables

Contour-plot area as function of q, and q, keeping Q, = Q , J,, and J, fixed :

I

J¢: -2 qu J¢H > J¢:

= 1 = 1 = g
g2 q2 q2

Even with extra requirement =mp [Nfinitely-many (except for maximum area)

of constant area black rings
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In quantum theory Q. and q; are quantised, Q; >, Q;, etc === Finite non-uniqueness




Particular cases and limits: R=0
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Example: e ¥y oc a(3Q— ) .. \:.,-'3 [[Q . qg)ﬂ o Hz]

Q:Q yq; =— g - ' 3
i i Jyp < Jy + 6qR S ((Q-G?)E _R:)
4(;2
Q—¢°
R
L—0

(S*shrinks but J,;, # 01)

t}w = f}-@
(R—0)
r}U
Extends to o
S t
Pirsa: 04090004 J'U J(I"J — 0 Page 91/122
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2-charge Supertubes => D1/D5 System

e S

T1

DO: ~Te—-
d2: ¢ 1

SO,

T2345 P: 1

—— 5! 1 2 3 45
a5 4 2 3 £ 5
= 1

T

— NS5: T F 3 &5

kk5: o « 2 3 4 5

Pirsa: 04090004

dl:

(Trivial T) S
R S

* ~
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Particular cases and limits: R=0
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Particular cases and limits: R=0

~y

R=0 — BMPV J,=J,=J Horizon = S°
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Particular cases and limits: R=0

~y

R=0 — BMPV J,=J,=J Horizon = S°

W

Change in topology — Discontinous change in entropy:
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Particular cases and limits: R=0

i~y

R=0 — BMPV J,=J,=J Horizon = S°

W

Change in topology — Discontinous change in entropy:

4G5J)2

Ll

Apympy = 27 Q1Q2Q3 >
|
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Particular cases and limits: R=0

R=0 — BMPV J,=J,=J Horizon = S3

Change in topology — Discontinous change in entropy:

4GsJ\2
‘4BJIFL" s 2:‘T2 VQIQQQ3 = ( TS )
: 2 e 4Gg5J\ 2
fi'r’lm[:] *_lr'in_r; =% \ 01(22(23 o Ql QQQB i ( - )

Pirsa: 04090004
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Particular cases and limits: R=0

R=0 — BMPV J,=J,=J Horizon = §3

Change in topology — Discontinous change in entropy:

"I 4GgJ 2
Apnpy = 27%/Q1@2Qs — (22 .
B M PV \' 3 T - R!IT[} A?‘i‘?lg ‘i: ABF‘-IPL’?
. | 4G5J\ 2
fi'r’lmD *“L'ju_r,r - 27‘2\ 01(22(23 e Ql QQQ:B g ( _5 )
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Particular cases and limits: R=0

R=0 — BMPV J,=J,=J Horizon = S3

Change in topology — Discontinous change in entropy:

f 4Gs.J 2
An; ;=2,2|.' —( ) .
BMPV = 27°|/Q1Q2Q3 = = lim Aring < Aprpv
4GsJ\ 2
3 : O e i TH _ _ ]
;L'To A = \ Q1Q20Q3 — 219293 ( = ) Eg.Q=Q,q,=q:
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Particular cases and limits: R=0

R=0 — BMPV J,=J,=J Horizon = §3

Change in topology — Discontinous change in entropy:

4G5J)2

w

Apmpy = 27°\/Q1Q2Q3 — ( .
‘ \’ —_— R!ILHO Aring < ApmpPV

. 4Gg5J\ 2
ILITD *“L'.éu_r,r o 27‘2\ Q1Q2Q3 — 219293 — ( )

Eg.Q=Q,q,=q:

#TT

Analogous to the merging - - BMPV
of two 4D RN black holes: A ——
H -
k) E A =2x4nQ? ___f]ﬁg________i:\\
- v )
J
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Particular cases and limits: R=0

R=0 — BMPV JU = ‘-J.:. — Horizon = S3

Change in topology — Discontinous change in entropy:

4G5J)2

mw

AB&Hﬂf==2W2;Q1Q2Q3—‘( .
) \4 — nlano Aring < ApmpV

4GgJ\ 2
) Eg.Q=Q,q,=q:

#TT"

ILiTO A.r'.f'n_r,r e 2?_‘2\’ Q1Q20Q3 — 2192293 — (

Analogous to the merging ”'"* - BMPV
of two 4D RN black holes: A = —
H -
o & A=2x4nQ - =
i /f”ff .Qﬂ
| J
E ) A =41 (2Q)?
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Particular cases and limits: R —
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Particular cases and limits: R=0

R=0 — BMPV JU = ‘-J.:. — Horizon = S3

Change in topology — Discontinous change in entropy:

4G5J)2

w

A 7 — 2#2 I|III i ( i
BMPY || Q1Q2C3 = lim Aning < Apmpy

4(.‘;5J) 2

1M Aring = 2721/Q1Q2Q3 — ©102Q3 — (

Eg.Q=Q,q,=q:

Analogous to the merging = - BMPV
of two 4D RN black holes: A .
H :
- ® A=2x4nQ2 -
R}O /ﬁf! \'ﬁ
_ J
B A = 41 (2Q)?
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Particular cases and limits: R —
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Particular cases and limits: R —

Send R — oo keeping Q, / R and q; fixed
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Particular cases and limits: R —

Send R — oo keeping Q, /R and q, fixed == "Straight line’ solution of

/'1!1

S2
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Particular cases and limits: R —

Send R — oo keeping Q, /R and q, fixed == "Straight line’ solution of

Important: J,=P_,#0 but J — 0!

/’W

S2

Pirsa: 04090004 Page 107/122




Particular cases and limits: R —

Send R — oo keeping Q, /R and q, fixed == "Straight line’ solution of

Important: J, =P, %0 but J —0O!

/' W
In fact, required by SO(3) invariance:

S2
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Particular cases and limits: R —

Send R — oo keeping Q, /R and q, fixed === "Straight line’ solution of

Important: J,=P_,#0 but J —0O!

/’ W
In fact, required by SO(3) invariance:

S2

Speculation: J, Poynting-generated by SUGRA fields
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Worldvolume 3-charge Supertubes = Calibrated Supertubes
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Worldvolume 3-charge Supertubes = Calibrated Supertubes

First step: F1/D4/D0 bound state with D2/D6/NS5 dipoles
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Worldvolume 3-charge Supertubes = Calibrated Supertubes

First step: F1/D4/D0 bound state with D2/D6/NS5 dipoles

Qi M2: 1 2
Q> M2: 3 4

= 6
q1 M5: 3 45 6 9
gma 1 2 5 6 o
ggm5: 1 2 3 4 P
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Worldvolume 3-charge Supertubes = Calibrated Supertubes

First step: F1/D4/D0 bound state with D2/D6/NS5 dipoles

g1 M5: 34567
gpmbd: 1 2 L S |
g E 2 3 4 7
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Worldvolume 3-charge Supertubes = Calibrated Supertubes

First step: F1/D4/D0 bound state with D2/D6/NS5 dipoles

g1 M5: 34567
gpmbd: 1 2 = & 7
ging: I X2 3 4 [
* J
B

Single M5-brane = 2-dim complex surface S in C3

Calibrated by h A h, with h =dz' A dz? + dz® A dz* + dz° A dz® Kahler form
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Worldvolume 3-charge Supertubes = Calibrated Supertubes

First step: F1/D4/D0 bound state with D2/D6/NS5 dipoles

Q1 M2: 1 2

Qo M2: S G O

Q3 M2: 5 6

q1 M5: 345 66/0C

gomb: 1 2 L O -

ggmb: 1 2 3 4 C
\ J

N

Single M5-brane = 2-dim complex surface S in C3
Calibrated by h A h, with h =dz' A dz? + dz® A dz* + dz° A dz® Kahler form

Turmmingon H=h A do +H Induces M2 charges and allows arbitrary C
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Worldvolume 3-charge Supertubes = Calibrated Supertubes

First step: F1/D4/D0 bound state with D2/D6/NS5 dipoles

Q1 M2: 1 2

Qo M2: SRR

Q3 M2: 5 6

q1 M5: I &£ 5 66 C

gpomb: 1 2 B a C

Ggms: 1 2 3 4 C
5 J

v

Single M5-brane = 2-dim complex surface S in C3
Calibrated by h /A h, with h =dz' A dz? + dz® A dz* + dz° A dzf Kahler form

Turmningon H=h A do +H Induces M2 charges and allows arbitrary C

Captures 3 dipoles but not .J¢ — Defect or Poynting-generated?
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Worldvolume 3-charge Supertubes = Calibrated Supertubes

First step: F1/D4/D0 bound state with D2/D6/NS5 dipoles

Q1 M2: 1 2

Qo> M2: e T S

Q3 M2: 5 6

q1 M5: &5 &6 0C

gop m5: 1 2 Ea C

ggmb: 1 2 3 4 C
- J

N

Single M5-brane = 2-dim complex surface S in C3
Calibrated by h /A h, with h =dz' A dz? + dz® A dz* + dz° A dzf Kahler form

Turmningon H=h A do +H Induces M2 charges and allows arbitrary C

Captures 3 dipoles but not .J¢ — Defect or Poynting-generated?

(locally 2-charge — susy junction)
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3-charge Supertubes == D1/D5/P System
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3-charge Supertubes == D1/D5/P System

Reducing to 10D and dualising:

QD5 12 3 4 5

Q> D1: 5

5
q1 d1 0
geds: I ZF 3 4 Y
g3kk5: 1 2 3 4 o o
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3-charge Supertubes == D1/D5/P System

Reducing to 10D and dualising: Decoupling limit: o — 0, r/a’ fixed, etc.

Qi D5: 1 2 3 45

@Dl _ _ _ g S AdS3 x §3 T4 RG AdS3 x 53XZ¢3 x T
q1 dl: Y ,
go d5: . by = (Q1Q2)1/4 > {p= \ffJS(fflfirQ)l" 2

= =
SEN
w w
1SS

g3 KK5:

]
<.
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3-charge Supertubes === D1/D5/P System

Reducing to 10D and dualising: Decoupling limit: o — 0, r/a’ fixed, etc.
R e g T e
et 5 AdS3 x §3 T4 RG AdS3 X b?’XZqE 3 g
qp dl: i : P ‘ : 1/4
gt E P RE. o v = (Q1Q2)Y4 > Lir = /a3(q192)™
gk 1 2 3 4 o 9

Reproduction of the entropy by “splitting string’:

=
Jo = —(q1Q1 + ¢2Q2 + ¢3Q3 — ¢192G3)
8Gs
i )
Jy = —2R*(g1+a2+a3)+J,
8Gs

| |

BMPV-like, carried by fermion momentum modes

Supertube-like, carried by fermion zero modes
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End of slide show, click to exat.




