D3-brane solitons and black holes
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Introduction

N = 4 SYM admits BPS, spherically symmetric, dyonic solitons [Schwarz 1405.7444]
Dual to D3-branes in AdSs x S°

Black hole-like properties?
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Sisti, 2011.13859

Related work:
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e Prem Kumar, Dorian Silvani, 1611.06033 and 1711.01554



Supersymmetric D3-brane solutions

AdS5 X 551 )

2
ds® = 7 (—dt* + da®) + ];—2 (dr? +r?dQ32)

Probe D3-brane embedding:
H t b 2? a? ‘ r ‘ S5
D3 [ x x x x|[r@] -

Look for solutions of

SD3 = —TD3/dtd3$ _det(g + F) + TD3/C4



Supersymmetric D3-brane solutions

Preserved supersymmetries I'y.e = ¢
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Supersymmetric D3-brane solutions

Preserved supersymmetries I'y,e = ¢

1 (_1)n b b .
F = a101...an nF o F n
" —det(g + F) g 2mp " aib anby (03)" 102 @ Y0123

For Fy; = cos x 0;r and %nilelﬂ“ij = sin x O;r:
109 ® Lp1o3e = ¢, 01 ® (—cosxTo3g +sinxLog) e = €.
D3-brane equations of motion: 9;0;r = 0

[Gauntlett, Koehl, Mateos, Townsend, Zamaklar, hep-th/9903156;
de Mello Koch, Paulin-Campbell, Rodrigues, hep-th/9903207; Horoku, Kaneko, hep-th/9908154]
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Supersymmetric D3-brane solutions

r=rg, SUN)— SUN —1) x U(1):

/}N—l

[Klebanov, Witten, hep-th/9905104]




Supersymmetric D3-brane solutions

2

L . .
r= 4 Wilson line:
|Z|

/ [Drukker, Fiol, hep-th/0501109]




Supersymmetric D3-brane solutions




DyO NIC SOlItONS (schwarz 14057444

L%k
r=T0— 75
|Z|
Charges

4k N K
= COS X, =
b \F/\ X q

sin y.

Mass

Tro )\ 4N2
M= B+




DyOn ic solitons [Schwarz 1405.7444]

L%k
T=T0o— 5
|Z|
Charges

4k N K
= COS X, =
b \/X X q

sin y.

Mass

Tro )\ 4N2
M = P2+ ——
L?\/ e

Mass, charge « radius



Similar objects

Magnetic bags — multi-magnetic monopoles in SU(2) YM + adjoint scalar:
e g-monopoles distributed on shell, thickness ~ 1/Myy, radius ¢/Myy .
e Scalar = 0 inside bag, «x ¢¢ — «/|Z| outside.
e Charge, mass  radius.

[Bolognesi, hep-th/0512133; Bolognesi, 1005.4642; Manton, 1111.2934]
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e Charge, mass  radius.

[Bolognesi, hep-th/0512133; Bolognesi, 1005.4642; Manton, 1111.2934]

Dyonic BPS solitons in V' =2 SU(2) SYM
e Shell of charge
e Scalar = 0 inside shell, x ¢ — x/|Z| outside

[Popescu, Shapere, hep-th/0102169]



Quasinormal modes
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Quasinormal modes

Linearised fluctuations, frequency w
Bosonic fluctuations: ¢, Z4, aq, a;

Spherical harmonic decomposition: [Faraggi, Pando-Zayas, 1101.5145]

0o l
Gim(t,1,0,0) =Y " 3" G (1) Y0, )

=0 m=-1

00 l
al™(t,7,0,0) = e "N by (r) Y™ (0, )
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Quasinormal modes: boundary conditions

1 K> I(l+1
Zinlr) + | (st ) — k| Zin) =0
(From now on ro = 1)

r—0:

i
Dy ~ 1 eFW/T

r— 1:

D ~ (1 _ 7“) eimw/(lfr)

Choose + signs
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Quasinormal modes: [ = 0

QNMs have w o /2

u = log [vkr(1—r)]

. 1 .
= Z"(u) — | = — 2kw? cosh(2u) | Z(u) =0
Z _ (eu/2 + \/Eefu/Q) ZOO 4

1 pair of modes + branch cut

Imw/My~/N/pA3
L L

(]
- ] QNMs computed with Leaver's
:12 matrix method
_uf 1 [Leaver, 1990]
-3 —‘2 —‘1 0 ‘1 2‘ 3

R,OW/AIVV\/ N/[))\;



Quasinormal modes: [ # 0

VA Imw/My,
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-20F
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* X + A =

m A+ X %

-60 -40 -20 O 20 40
VARew/My

k=1/10

60

13



Quasinormal modes: [ # 0

VA Imw/My,

I: @0 M1 A2 +3 X4 %5

0
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[ ]
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+ +
* X L
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VARew/My
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Quasinormal modes: [ # 0

0.0
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g st
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Quasinormal modes: [ # 0

l
n =0
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Extremal Reissner-Nordstrom okeotas, schutz, 1988

0.0
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Entropy

2011.13859
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Entropy

Charge «  radius
Entropy oc k2? [Schwarz, 1405.7444]
Entanglement entropy:

H=A®B
pa=trpp
Sa=—tra(palogpa)

What happens when A D soliton?

S

19



Entanglement entropy in holography

: ' r =00
g, = Area[y]
d . STEN

[Ryu, Takayanagi, hep-th/0603001]
How to compute for probe branes?

I= Ibulk + Ibranea Ibrane X e K 17

Sa=50+50 ...

/ N\
O(e”) O(e)
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EE and prObe braneS [Karch, Uhlemann, 1402.4497]

Spherical A, map AdS to hyperbolic slicing: [Casini, Huerta, Myers, 1102.0440]
2
ds? = L? [;(O + f(O)dr? + ¢?du? + ¢? sinh® u dQ3
flO=¢-1
GG

CQ

More general solution: f(¢) = ¢2 -1

_ Areafhorizon]

(0) 1)
SA - 4GN SA ~ aChIgrane|gh:1

¢h=1

Subtleties: boundary terms when brane hits ¢, counterterms.

Generalised gravitational entropy [Lewkowycz, Maldacena, 1304.4926]
21



EE of soliton
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EE of soliton

Sa(k) x Kk
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Conclusions
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Summary and outlook

N = 4 SYM admits some interesting spherically symmetric solitons
Quasinormal modes with some similarities to asymptotically flat black holes

Entanglement entropy does not scale with area, instead smaller power of radius
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Summary and outlook

N = 4 SYM admits some interesting spherically symmetric solitons
Quasinormal modes with some similarities to asymptotically flat black holes

Entanglement entropy does not scale with area, instead smaller power of radius

Other ways to compute an entropy?
Field theory calculations?

M5-branes — black strings?

EE for other spherical shells?

25



Thank you!



Backup slides



Quasinormal modes: isospectrality

q=20:

bim, al™ couple — decoupled linear combinations ®{™ and &4
(Z;j‘n, b, 1™, @é*l’m) isospectral — same QNMs

Prove by comparison of Schrédinger potentials

Short I = 0 multiplet (2540, @5””)

Multiplets look like those of OSp (4*|4) [Faraggi, Pando-Zayas, 1101.5145]

But this is not the supergroup



Schrodinger potentials

Z"(r)+ P(r)Z'(r) + [wzQ(r) —R(r)] Z(r)=0
Tortoise coordinate 4= = /Q(r)

New dependent variable ¢(r,) = e"™)y(r,), where =) — Q+2P1)Q(r)

dr 4Q(r)3/2
EOM becomes:

2 Ty
) w2 - v () =0

Schrédinger potential:

R(r)
Q(r)

Q"(r) _ 5Q'(r)* | 2P'(r) + P(r)?

vir) = Q2 1607 T Q)

_l’_




Schrodinger potentials

1— 4
Forusr, =c+ £ 9 F) <_%’_%;%;_( r) )

1-r k214

L+ D)1 =72 [b—4(+ Dr]r2(1—7)¢ 721 —r)'0

)= f(r) - f2(r) * f3(r)
Vi, 1(rs) = 11+ 1)r4(1 — 7‘)2 B (5 + 4lr) 1"2(1 _ 7“)6 77"2(1 _ 7‘)10
A f(r) f2(’l“) f3(r)
U € SR i € o M T By b
VZ,Z( *) - f(T‘) + f2('r) f3(r)

where f(r) = k2r* + (1 —7r)*



Isospectrality

Two fluctuations v+

2 T
d‘f;@ + [w? = Vi (ro) ] s (re) =0
Vi(re) = W2(r.) F dV;Er*)

Given solution for 1+, can generate solution for 1)

dy+(r4)

Yr(re) = W (r) e (re) + dr,

So ¢+ have same QNMs — isospectral



Isospectrality

We find
dWh(ry) dWh(ry)
VZ,I(T*) = W12,z(7"*> T a0 V<I>1,lfl(7"*) = W12,z(7“*) + .
2 dWZ,l(r*) 2 dWle(T’*)
Vzui(re) = Wz,z(r*) T ar. Vo, 141(rs) = WQ,;(T*) + .
where
r2(1—r r(l —r)® I+ 1)r2(1 —r r(l —r)°
Wiy = 0= e (DR (=)

FOE

where f(r) = r2r' + (1 r)’

OO

= Zim, 71, and &5 have same QNMs



Generalised gravitational entropy

Euclidean signature 7 ~ 7 + 27 — circles wind boundary of A

Extend period to 7 ~ 7 + 27n

S =lim (0, —1)I(n)
n—1

Reproduces Ryu-Takayanagi formula [Lewkowycz, Maldacena, 1304.4926]

For spherical entangling regions in CFTs

d 2
ds? = L? e + f(O)dr? + ?du? + ¢? sinh? u dQyd — 22|,

¢l -2

f(<)
/ n2 _



EE and prObe braneS [Karch, Uhlemann, 1402.4497]

With brane: I = Ik [®] + Tbrane[P, X]
Imagine solving EOM order-by-order in back-reaction:

d =00 1004
X=xO04x®

Entanglement entropy:
Sa=50 450+ .

B Area['y(o)]

) _ 4 . (0)
557 = @ = ) (3) - 25507



EE and prObe braneS [Karch, Uhlemann, 1402.4497]

S(l) 11H1|:/ dc/dp branea P+ /dpy(Sﬁct,braneanq)
n—1 Ch (5@

—/dpy Ebrane|<:<h an<h+/dpyN @brane‘g Ch:|

27 | = (0) x =X (0)

[-]2x indicates 7 to be integrated over range [0, 27]

N,, = unit normal to ¢ = ¢,
@M

brane —

= total derivative terms from 6 Lyyane/dX

No bulk terms at this order, since ®©) extremises bulk action

NO dLprane/0X terms due to brane equations of motion



Coulomb branch EE

/}N—l

Compute EE from probe brane or RT from formula &

Ny,
ds? = H(j)7"/? (—dt® + d2°) + H(§)'2dg?,  H(j) = 1 +4ngea® ) AT

0, vR < 1,
S p—y
A {%N {3 cosh™'(vR) — (vR+ ) \/(vR)% — 1} , vR>1.



Soliton EE: large R

Coulomb branch, vR > 1:

2 3 !
Coulomb 2

=N |- + 5

SS ; [ (vR)? + 3log(vR) + 3log 2 + 2] +0 (@RP)

V= Vef =V — K/R

. i 1
Si(()hton(’UR) — SSOUlomb(UeffR> + ijrlng +0 <(UR)2)

Sitring _ \A/3 [Lewkowycz, Maldacena, 1312.5682]



Radius of soliton

3
IN Ssoliton

Brane hits ¢, when R > (k¥ + 1)3/2 (dashed lines)



Radius of soliton

S4 ox k12?2

1y
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