Towards Realistic Models
in String Theory
with D-branes

Noriaki Kitazawa
Tokyo Metropolitan University



Plan of Lectures

1. Basic idea to construct realistic models
- a brief review of string world-sheet theory
- the basics of D-branes
- the realization of chiral fermions

2. Construction of models without supersymmetry
- "brane supersymmetry breaking"
- NS-NS tadpole problem and back reactions
- dynamics of gauge symmetry breaking

3. Stabilization of compact spaces
- a sketch of KKLT scenario
- other idea with magnetic fluxes on D-branes
- dynamical stabilization by fractional branes



"Brane supersymmetry breaking"




Orientifold projection: projection by world-sheet parity

World-sheet parity transformation is the symmetry in type 1I1B theory.

V: oc—2r—0, T—71 (closed string)

() o—mT—0, T—T, )\ij — (”)/Q)ii/)\j/i/ (’751)3'/]' (open String)

In complex coordinates:

V: z—2Z zZ—2z (closed string)
or QXH(z,2)Q ' =XH"(z,z2) etc.
QN 2= =z Z—= =z, A= ()i A (751)]-/]- (open string)

or QXH(z,2)Q ' =XHI(-%z —2) etc.



Transformations of creation and annihilation operators

closed string

L O—1 _ 51
Qo Q7" =at,

quﬁf Q_l _ e_izwzﬁff

~n O—1 _ u
Qab Q7" =ab,

QQ;,,’LQL Q_l _ €i2ﬂrw7/f

b, Q' =0,

e, QO t=c,

QB’I" Q—l _ €i27r7‘5r

Q;%n Q_l _ 675271‘7“/%0



Transformation of closed string (type IIB) ground states

(210;0; k)ns—ns = —|0;0; k)Ns—Ns Qlsy;si; k)r—r = —|sy ;s k)r-mr

Q10;s1;k)ns—r = —[s430; k)r—Ns Qs;;0;k)r-Ns = —[0;84; k)Ns—R

Massless states in NS-NS sector
QYH g1 91050 k)Ns—Ns = =9y 5871 151003 k)ns—ns = 9Y 1 90| 15105 05 k) Ns—Ns

Anti-symmetric B*" field is projected out

Massless states in NS-R and R-NS sector

QYl 05845 k)ns—r = @251/215% 0; k)R —Ns lelil/gfsﬁ 0; k)r-Ns = ¥ 5|0;s45k)Ns—R

A combination of (NS-R)+(R-NS) survives
and one of two gravitino is projected out.

10D N=2 SUSY is reduced to 10D N=1 SUSY.



Transformations of creation and annihilation operators
open string (Neumann-Neumann b.c.)

Qat, Q-1 = emmaﬁn
ng Q—l _ e—?ﬁrrwﬁ

Vb QL =", Qe =€y,

Qﬁr Q_l _ 6—2'777“6T QfYT Q_l _ e—iﬂ'?“,yrr

Transformation of ground states
Qk;ij)ns = i(va)urlk; 5 INs (g )i Qs kiif)r = —(va)irlst; ks 5" R (79115
Transformation of massless states
QYl olksigins = =00 o (va)ir ks ') Ns (Vg )5

Qlsy; k;if)r = —(yo)i|s+i k3" v (79 ") 575



Transformations of massless states (cont.)

QP oIk igins = =0 o (va)in |k; 5" )ns (10 575

Qlsiskiig)r = —(vq)iir st k; J g > (Val)j’j

Two choices of the action to Chan-Paton factor

(va)asr |53 (v ) 75 = |5 Chan-Paton factor
should be anti-symmetric:
Yo =1 U(N) — SO(N)
(va)ii |373") (y —1)3,. = —|j1) Chan-Paton factor
should be symmetric:
o = (2 ‘01) with ji) ~ (3 2) U(N) — USp(N)

10D N=1 SUSY remains.



Construction of type | string theory

Unoriented closed string with D=10 N=1 SUSY
can couple with open string with D=10 N=1 SUSY

Introduction of open string with Chan-Paton factor
= Introduction of n D9-branes

Closed string massless states (unoriented type |IB theory)
(NS+ NS+) (R+ R+) (NS+ R+) (R+ NS+)

1+26+35 X428+36 8'+56 > 8'+56
2 A G 8156

Open string massless states

NS R The gauge group is fixed

8 8 by tadpole cancelations.
Ac \@



Vacuum amplitudes (closed string)

Closed — / 1 %(D KOPGSO qLo Lo)
T2

torus Klein bottle
= St o )~ S
= 2(4%12/)5 / OO it t15 n(ztt)S . % (Vo (2it) = 5s(2it))
b GO O G Gy

2(n())" 2(n(T))"
"NS sector" "R sector"

10



A =

M:

iVl()

Vacuum amplitudes (open string)

Open / — %@w‘%o q

cylinder Mobius strip

< dt 1 1 n?
D (Ve(it)2
2(47?20/)5/0 F 5 n2p < 2 (Vslt/2)

V1o

2(4m2a’)?

/OOdtl 1 X—en (V(l—l—'t)
N Z_
o ttplil) T 2 U2 2

. : number of D9-branes

{ e=1 80 type projection
e =—1 :USp type projection

1
2

t
— 58(_ + 71—

2

— Sg(it/2))

)
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Change variables of integrations to closed string picture

1 V10 > 1 20 ,
IC = 2(47‘_20/)5 /0 dln(zl) X 5 (Vg(ll) Sg(ll))

z’V_m >0 1 2_5n2 , ,
A = )5/0 dl ; X (Vs (el) — Sg(zl))

2(4m2af n(l)3 2
o iVl() > 1 —e2n
M = 2(47’(‘20/)5 /O dln(% —I—il)S X 5 (Vg( —|—Zl) Sg( + Zl)>

Anomaly (gravitational) cancelation requires
cancelation of massless Ramond-Ramond tadpoles.

2°+27°n* —2n=0 =P (n—€e2°)° =0

Therefore, ¢ = 1 and n = 2° and the gauge group is SO(32).

Massless NS-NS tadpoles are canceled simultaneously by SUSY.
12



A schematic picture of tadpole cancelation

erQU\er =0

"cross cap"”

D9 D9 D9 09 09 O9

We may introduce orientifold fixed planes
which have R-R and NS-NS charges,
though they are not dynamical objects.
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A simple model of "brane supersymmetry breaking":
USp(32) type | model or Sugimoto model.

Consider n anti-D9-branes.
The sign of RR sector in MoObius amplitude is flipped.

Z.Vl() - 1 —€2n 1 ) 1 .
— dl — [)+Ss(= [
M 2(47720/)5/0 R X — (V8(2+z)+ 8(2+z)>

Take USp type orientifold: ¢ = —1, then R-R tadpoles are canceled,
though NS-NS tadpoles are not canceled.

This is a consistent model with USp(32) gauge symmetry,
but there is no supersymmetry in open string sector.

On anti-D9-branes there are USp(32) gauge bosons 528 and
fermions in anti-symmetric tensor representation 496=495+1.

14



Brane supersymmetry breaking without orientifold

Four D3-branes and Three anti-D7-branes
on a Zs orbifold singularity

Z.; operation matrices on each D-brane
Y3 = diag(lg, CM]_l, 042]_1) U(Q) X U(l)l X U(l)g
/7/'73 — ]_3 U(S) (CVEQZQW/S)

The condition of twisted R-R tadpole cancelation is satisfied.
3Tx(y3) — Te(y7,) = 0

15



"untwisted" and "twisted" closed strings

untwisted twisted

Cancelation of R-R tadpoles of twisted closed string
IS required for the cancelation of gauge anomaly.
Cancelations of NS-NS tadpoles are not necessary

for anomaly cancelations ("consistency") of the theory.

16



Massless modes under U(2) x U(3) x U(l)@

non-anomalous

D3-D3 open string (supersymmetric)
((I)(llﬁ \Ij(ll) : (2*7 1)—I—lt @

(P53, ¥3) : (1,1)o, 1’/ \3

((1)37\113) : (27:-)—1- ®_2>®

a=1,2,3
D3-anti-D7 open string (non-SUSY)
b1 (2,3%)o,
Oy (2%, 3)o,
Y7 (1,3)_1,
s : (1,3%)+1,

17



NS-NS tadpole problem and back reactions

18



In general string models without supersymmetry have
tadpoles of massless dilaton and graviton (NS-NS sector).

Background geometry and field configurations,
which are assumed to be trivial at the beginning,
are not the "solution" of String Theory,
or "back reaction" is not included.

This could be cured by "Fishler-Susskind mechanism”,
but it would be very difficult to do it in general.

It could be even possible that the present understanding of
"brane supersymmetry breaking" would be incomplete.

19



There is a more practical difficulty.

Open-string one-loop calculations get infrared divergences.

lim —
p—0 p2

Some reasonable technique to evade these divergences?
“tadpole resummations”

20



Tadpole resummations in field theory
by Dudas-Nicolosi-Pradisi-Sagnotti (2005)

Possibility to obtain true values of physical quantities
in "wrong vacua": vacuum energy, for example

l
“wrong vacua”

tadpole

The same is possible in String Theory?

V = —4a(v® — v?)v]@ + .-

21



Similar resummations are possible in String Theory
using boundary state formalism

This technique gives one positive result:

The vacuum energy of a "Dp-brane" in Bosonic String Theory
IS canceled by the tree-level contribution
from tadpole resummations,

cl res C
A +A =0 (A =T))

which is consistent with Sen’s conjecture of
"Dp-brane decay in Bosonic String Theory",
or "tachyon condensation”.

22



Boundary State Formalism

The cylinder amplitude

open string «— closed string
one loop tree Dp-brane

/ /‘ bou ndary state

r

1

) D smon

.

I second order of
/ tadpole insertion pI’Opagator
operator

\

o

23



The concrete form of boundary states

|Bp> — |B]§(>|th>7

1 SH = (1™, —6")
B:*) =(Npd™ (&) exp ﬁ a” S,.a”, |10), di=d—(p+1)

d = 26

||M8

B2 = exp (Z(cngn — bnén)) 0) g N, =1T,/2

n=1

These are solution of boundary conditions:

0 X%(0o,7=0)|Bp) =0, a=0,1,---,p :Neumann (open string)
X'(o,7=0)|B,y=0, i=p+1,p+2,---,25 :Dirichlet (open string)

These are something like coherent states.

24



The Cylinder Amplitude
or one-loop correction to the vacuum energy of Dp-brane

1 1 5

Ap = 5<Bp‘D‘Bp> — 9l p+10N, Ay
D = / dt /27T dop loz =Lo (Z = e_tew)
ma! dd’L P 1
A, = d P13

p emET T (i)

“propagator” |
— ds

2 Jo  (@r 8)0“/2 (n(is))**

di =d— (p+1) with d =26

Infrared divergence due to massless tadpoles
of dilaton, graviton and tachyon (we will see ot later).



Tadpole couplings from boundary states

1 )
AP = (0; klaia?|B,) = —EPVPHSW S = (n*?, =5

Agrav — A:uyélghy) — _Vp——l pna6€((lhﬁ),
Aqp = AH VE;(JJQIS/) = Vpi{dpa <a - )

D-brane effective action in Einstein frame

_ p+l¢ _—ao /[ ignoring B-field
SDp o p/d Se \/ det gap and gauge field

vacuum energy 26



A strategy for tadpole resummations

“Closed strings bouncmg on a Dp-brane”

27



Multi-point vertices in boundary state formalism

——— M=
—Tpa2

Fat® @)\ By (o)) (~T B (o

\

integrating over Dp-brane world volume

specify one point
on Dp-brane

normalization
for correct coupling

1\ 2
(Tpa X T) x (=Tp) x d*z6% (x) — —Tpa® x Vyiq
p

28



Similar for three-point vertex and higher

1 N\ °
< M®) = o T (T ) / d®zd* (z)
p
T a° - -

P x| Bp())|By(2))| Bp(2))

Closer look at “propagator”

e 1 1
A8 o ~d, /2 )24
2 Jo (2T 3) +/2 (n(

T‘-O/ —27‘(’8
~ 5| g {+0+<9

tachyon dilaton/graviton
tadpole tadpoles

A, =

Regularize via an “ultraviolet” cutoff on s

29



Actual calculations for vacuum enerqgies

Full two-point function > > é %

“one bounce” e

1 ~
o1 (Bo|DMD|B,) = dzd (z p\DyB
5 similar to the cylinder
— Vp+1N
TP

Similar for “two bounces”, and more

1 . . .
AP =~ {(B,|DIB,) + (B,|DNID|B,) + (B, DNIDND|B,) + - - |
1 geometric series
= (Bp|Dm|Bp)
2T 1 AR = T,
|
= 5 N, . » o Vo+1dp 2

21 PP 1 L T(N,/T,)2A, 2!

30



# of

Full three-point function vertex i tons

AY = | gy [ st (@) ((B,IDulBy(@)))
tadpole
; tad

Insertions
(N2/Tp)Ap 1 -
p— —_— —
3' Pt 1+ Ty p/T)2A 31 PP

Full Vacuum Energy of Dp-brane

AR = (A<2>+A<3>+ )/Vpﬂ

exactly cancels

1
- -7, ~T
> ()

Consistent with Sen’s conjecture



Two Consistency Checks

1) "Tadpole resummations” in SO(8192) theory

8192 D25-branes in unoriented Bosonic String Theory
-> (unstable)("solution")of String Theory

d

» no tadpoles of dilaton and graviton

» tachyon (with tadpole) /\

"Tadpole resumations” should not give corrections to

the vacuum energy, even though tachyon exists,
because this is a solution of String Theory.
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Two kinds of boundary states and three kinds of amplitudes

for orientifold
‘B25> and @ fixed plane: 025

1

M = 21 ((Bas|D|Ca5) + (Ca5|D|Bas))
1

K = —(Cy|D|Ca5)

(the same for the

other two amplitudes) No Correction to Vacuum Energy

(Ignoring tachyon divergence ->.A(2) + M2 4+ £(2) = 0, and the
same for multi-point functions. No correction to the vacuum energy.)



2) "Tadpole resummations" in USp(32) type | model

USp(32) type | model is believed to be stable, and
anti-D9-brane is not expected to decay.

- NS-NS tadpoles (dilaton and graviton)
* No tachyon /\

"Tadpole resummations" should not give
such a correction to the D9-brane vacuum energy

that completely cancels the classical vacuum energy,
even though the system is not a "solution”.

1 ANg 1
A2 = ZVoNg X
21 0 LTy (Ng /To)2ANs 1+ To(Ng/To)2Ans

— 0

No correction to anti-D9-brane vacuum energy 34




Problems and limitations of this procedure

1) On the relation with open-string field theory analysis
on "tachyon condensation” of D25-brane

From Taylor-Zwiebach (hep-th/0311017):

tachyon potential L
V(o) = —=
(tachyon mode only) () p° +

a level truncation: v, = ¢|0) + B(a_1 - a_1)|0) + B(b_1c— )I0)+ -

1
vV = _5902 1+ 926B2 — —52
130 11
+ e’ — TSOQB — 590 B+ - } ES2 >~ —0.95938T55
LN 2P S h d
SN o 4 eavy modes are
B > ¥ iIntegrated out



Open string massive modes are important in the analysis
of "tachyon condensation" using open-string field theory.
Their role is not evident in the procedure of
"tadpole resummations’.

One we can say:

Open-closed string duality, which is essential
in the procedure of "tadpole resummations”,
requires infinite number of open string modes.
The effects of open string massive modes are
implicitly included.

36



2) Gravitational back reactions

The procedure of "tadpole resummations" includes
"propagations of closed string"” in the direction perpendicular
to D-branes, assuming flat space-time.

The existence of D-branes should change
the background geometry (and background fields).

\

It may affect the results of "tadpole resummations”,
although it is not included also in the analysis
with string field theory.

37



( N

We need to include the back reaction to understand
precisely the models without supersymmetry.

The technique of "Tadpole resummations”

"Tadpole resummation in string theory,"
N.K. Phys. Lett. B660 (2008) 415.
"One-loop masses of open-string scalar fields in string theory,"
N.K., JHEP 0809 (2008) 049.

could be one possible direction, and there should be more.

This is a difficult problem,
but there are steady and serious efforts.

"String perturbation theory around dynamically shifted vacuum,”
R.Pius, A.Rudra and A.Sen, JHEP 1410 (2014) 070.
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Dynamics of gauge symmetry breaking

39



A typical attitude of gauge symmetry breaking
in models of "string phenomenology"”

1. give particle contents and gauge symmetry
at a high energy.

2. go to the description by quantum field theory
assuming decoupling of heavy states.

3. investigate quantum correction to scalar fields
and vacuum expectation values of them.

Some times, even a tachyon mode is identified as Higgs!

It is mysterious what happens to D-branes.

Remember:
"String Theory" is a tool just like Quantum Field Theory.
Try to use it to describe (understand) particle physics.

40



Parallel separations of D-branes result
gauge symmetry breaking without rank reduction.

U(5) — U(3) x U(2)

rank 5 rank 5

Some D-branes must "disappear” in the process like
SU(Q)L X U(l)y — U(l)em

rank 2 rank 1
41



Expect non-perturbative effects in String Theory?
It could be possible ("D-instanton effects").

\/
/\

»

There are perturbative processes with

geometrical understandings
in the system of "D-branes at singularities”.

42



Consider a system of "brane SUSY breaking"
that we have already seen before.

Four D3-branes and Three anti-D7-branes
at a SUSY C?/Zj; orbifold singularity

4 x D3 brane \ """" \ """" \ """"
the same
positions in
0 1 2 3 ... 8-9 plane

3 x D7-brane

Z.5 operation matrices on each D-brane
— diag(lg, &11, &211) U(Q) X U(l)l X U(l)g (a = e™m/?)

V7, = 13 U(3)

3Tr(y3) — Tr(vz,) N

|
-



0
o)
0

|dentifications of D3-branes work as

reductions of the number of D3-branes.

In this system with one "fractional D3-brane”
and three conventional D3-branes identified by Z5:

4 D3-branes \ /.
—
N N TT— (i 08)
a2 O 0 0 0
a fractional |
U(2) x U(1) x U(1) U(1) x U(1) D3-brane
rank 4 rank 2 B =53

The rank is reduced through

the spontaneous gauge symmetry breaking.



Summary of scalar fields in four-dimensional space-time

D3 D7
+-— > <+—>

U(2) x U(1); x U(1)2 x U(3) @

AN (2,0,-1,1) (% (1)
from D3-D3 _

open string AfEQ) - (2,+1,0,1) @ EE @
AP (1, -1,41,1) (3)
1 =1,2,3
from D3-.D_7 §37) - (2,0,0,3) 4-5 6T7 \8-9
open string 537) - (3.0,0.3) [plane] [plane] plane

We need to identify moduli fields which describe the places
of D3-branes (scalar components of 4", 4%, 4% fields).
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Carefully consider the tree-level potential

Scalar fields from D3-D3 open string: "D3-D3 sector”

There is 4D N=1 supersymmetry on D3-brane:

Vas = Ve 4+ Vp

Vi = |2+ |22 [P

PV = geip AP ALY FT = g AT AL BT = gegn AT AL

1 1,1,
VD = 5( U(2)) T §D1 T §D2
D(a]@) = — (A(l)TTaA(D—Aq(;Q)T(Ta)*A?)), (g:gaugecoupling)
Dy - 7 (1427~ 1471)
D = % (1497 - |af2) .

46



The potential with D3-D3 fields and D3-D7 fields
can be obtained from string disc amplitudes.

D3 D7

D7

D3

2 7 e = — = — —
Vo L A (765714 6671657 A1)+ £ AP (76 4 65717 2
2 7 7 = — = — —
g
JrzAgm (¢g37)¢§37)f X ¢§37)T¢(37)) A(l@A@)T (¢§37)¢§37” n ¢537)+¢§37)) A§2)

2 s _ o ] _
"‘gZA:(sl)T( (87) p 3T 4y (37)) A(l)—|—g A(2)T( (37) (8N 43D 537)) A:(s2)

No term including U(2) singlet A
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The potential of D3-D7 sector only

The general form under gauge symmetry and
the trace structure of string disc amplitudes:

Var = 1y g2 Tr ( ¢§37)T ¢§3?> gbgsm ¢§37)) + hpg?Tr ( ¢§37) ¢(37)T ¢<37) ¢(37)T)

F ks g2Tr( gg?)T 8! (37) ¢(37) (37)T) ¥ ks ngr( 537) 5 (37)t gb(sm (37))

The values of coupling constants strongly depend on
the model (namely compactification).

Here, we assume that all of them are ﬁositive and that
the vacuum expectation values of D3-D7 fields are zero.

(Assuming nothing happens on D7-brane)

48



There are flat directions in the potential of D3-D3 scalars.
1 _ | 2 _ [ b (3) _ .
= () A= (1) a0

a; = b; = ¢; = v i=1,2.3

Gauge symmetry breaking at the place of non-zero VEV:.

T (1 ()2 (T°—T3) Qi+ Qo+ (T°+T7)
U(2) x U(1); x U(1)s — U(1) x U(1)

4 A

TCL
The rank of group b7/®\a’i
decreases.
_ Q1® e ®Q2 y

49



The gauge boson mass spectrum
(consider i=3 only, for simplicity)

Original gauge bosons
ueR): wo,wt w2 ws U(1); : B U(1)s : B?

A= —W - —W?*+ ——-B' + ——B*
V6 V6 V3 V3
(mQ—S 2,U2J a1 1o
— 9(g > \/§
Z2:LW0_LW3_L31_LBQ

50



A geometrical interpretation

{A separation of three D3-branes in a Z; invariant way.J

This schematic picture
represents
D3-brane configuration
in 8-9 plane (: = 3 case).

The same for 4-5, 6-7 planes
for ; = 1,2 case, respectively.

The bases of D3-branes
should be changed.
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This geometric interpretation is supported by
the D3-D3 and D3-D7 mixed potential.

2 7 7 —
Vinixed :&Agl)f (¢§37)¢§37>T 4 ¢g37)f (37) A(l@A@)T ¢537)¢§37)T 4 ¢(37)T¢§37)) Agz)
2 7 7 —
G}AS)T (¢§37)¢§37)T - qbégmqb;g”) Ag@% AP (¢§37> ST 4 gD ¢§37)) e

2 B 0 )
7 9
X 4A:(31)]L( §37)¢§37)T ¢(37)T (37)) A§1)+ZA§)2>T( §37)¢§37)+ ¢(37)T (37)) Aég)

VEV of A"V =A% and A" = A'Y do not give
masses to D3-D7 scalar fields, because
D3-brane separations in 4-5 and 6-7 planes
do not give separations between D3 and D7 branes.

VEV of Aél) (2 gives mass to D3-D7 scalar fields,

because D3 and D7 branes are separated in 8-9 plane.
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Introduce Fayet-lliopoulos terms
which are induced by VEVs of twisted moduli fields.

N

9 (2)12 1 403)2 twisted closed string

Dy = \/§ <|AZ | |Ai | ) ’ (closed up to Z5 )
y (3)2 (1) 2

=3 (4 W)
el R
a= 9 1 2
U2) =75 (|A§ 12— |AS )IQ-

1 V3 1 V3

b= —gon—L26r, G=—on+ Lobr . & =20m

o = or + 195 : VEV of a twisted moduli field

(normalized to have dimension 2 by M, = 1/Vo/)
-> "resolved singularity”
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The flat direction remains (consider i=3 only for simplicity)

-(5) a0=(8) a0

The origin a=b=c=0
IS excluded.

R

(32 —

Vorigin —

Vﬂat — gng

We assume
the stabilization of
twisted moduli.

¢r =0, o1 #0 ¢r # 0, o5 # 0 54



There should be one-loop mass corrections.

b
Vmass — m%‘A(l) ‘2 + m%‘A(Q) ‘2 + m%‘A(g) ‘2 [DS-D_7ystringj

1 2
m%:m%:mgzmQ 2@1?772M‘92>0 WNO(I)

(an order estimate)

The flat direction is lifted up, and
there are discrete solutions of stable vacua, for example:

9 (The solution with\
2 2
a® = —QRr— —m”, only one SU(2)
9 doublet "Higgs"
b2 — 0, ~ hasVEV.
, 1 V3 2
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The relation between
gauge symmetry breaking scale and string scale

Reasonably assuming that
the VEV of twisted moduli are less than string scale:
4m? M?
V2~ LY > (a = fu/\/§)

92 4722

It v ~ 250GeV (electroweak scale), the upper bound:
M, ~ 1600 x w GeV

Anyway:

We have a geometrical understanding of
gauge symmetry breaking in String Theory.



We need some dynamics to stabilize the D-brane moduli
so that the distance should be very small
iIn comparison with the string scale.

A truly dynamical stabilization:
D3-branes revolving around the origin.

The supersymmetry breaking mass term for moduli
by D3-anti-D7-brane open string acts as an attractive force,
and centrifugal force by revolution acts as a repulsive force.

The problem:
Lorentz symmetry violation in the world volume of D3-brane.

Any other good idea?
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