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Review of Tachyon Condensation in Flat
Background

[Sen]

Consider a coincident brane-anti-brane system
in type IIB string theory in flat space.

Tachyon potential

V(T)
T0T1/gs

0

closed string vacuum
of flat space

open strings



Lower dimensional D-branes as lump solutions
T(x)

x0

T0

=> X(z,z)− Dirichlet

D-brane descent relation

D-branes (Dp) of all dimensions are allowed.

BPS → p + 1 = even.

Non-BPS → p + 1 = odd.



Type IIB pp-wave

[
Blau, Figueroa-O’Farrill,
Hull, Papadopoulos

]

We would like to address similar issues in the

particular case of type IIB pp-wave background

with R-R flux:

ds2 = 2dx+dx− − µ2xIxIdx+dx+ + dxIdxI ,

F+1234 = F+5678 ∝ µ ,

x± = (x9 ± x0)/
√

2, I = 1,2, · · ·8,

Flat space limit: µ → 0.



String theory can be solved in light-cone gauge
(Green-Schwarz-Metsaev-Tseytlin covariant ac-
tion):

LB =
1

2
(∂+XI∂−XI − m2XIXI) ,

LF ∼ S1∂+S1 + S2∂−S2 − 2mS1ΠS2 .

∂± = ∂τ ± ∂σ,

m ∝ µp+ , Πab = σ1234
ab = σ5678

ab .

Γµ =

(
0 γµ

γ̄µ 0

)
,

γ0 = γ̄0 = I16 , γ9 = γ̄9 =

(
I8 0

0 −I8

)
,

γI = γ̄I =

(
0 σI

aḃ
σ̄I

ȧb 0

)
.



A claim

Given a world-volume field Φ(x+, xI) on a co-

incident brane-anti-brane pair which satisfies

∂−Φ = 0, the following is true for the world-

volume action:

Spp[Φ] = Sflat[Φ] .



An argument

Let Φ̃(p+, p−, pI) be the Fourier transformed
field.

Any given term in Spp[Φ(x+, x−, xI)] has the
form

Tpp =
∫

δ(
∑

pi)f(µ, p+
i , p−i , pI

i )
∏
i

Φ̃i(p
+
i , p−i , pI

i ) ,

Corresponding term in flat background,

Tflat =
∫

δ(
∑

pi)f(0, p+
i , p−i , pI

i )
∏
i

Φ̃i(p
+
i , p−i , pI

i ) ,

We need to argue,

f(µ, p+
i = 0, p−i , pI

i ) = f(0, p+
i = 0, p−i , pI

i ) .

or

f = f(mi, p
+
i , p−i , pI

i ) .



This will be true if all µ dependence can be ab-
sorbed into the m dependence and symmetries
of theories match for the field configurations
considered.

Symmetry currents:

Kinematical generators

PP-wave Flat

P±, P I, J+I, Jij, Ji′j′, P±, P I, J+−, J±I, JIJ,

Q+Aa Q+Aa

Dynamical generators

PP-wave Flat

P−, Q−A P−, Q−A

Missing generators:

J+−, J−I, Jii′



We need to

1. account for the missing generators,

2. show that in expressions for generators and

symmetry algebras

(a) Π dependence go away in p+ → 0 limit.

(b) µ only appears as m,

(Since µ → 0 is the flat space limit where

Π should not appear, Π must always come

with a factor of µ. Therefore establishing

2(b) only is sufficient)



• Kinematical generators evaluated in light-
cone gauge do not depend on µ (hence Π).
They formally pretend as if the full SO(8)
symmetry were present.

• Dynamical generators do depend on µ, but
the dependence is only through m.

• Above is not true of symmetry algebra.
µ explicitly appears in commutation rela-
tions. Schematically,

[P−, P I] ∼ µ2J+I , [PI, Q−] ∼ µQ+ ,

[P−, Q+] ∼ µQ+ , {Q+, Q−} ∼ µJ+I ,

{Q−, Q−} ∼ µJIJ .

But generators have additional p+ depen-
dence:

P+ = p+ , P− ∼ 1

p+
, J+I ∼ p+ ,



Q+ ∼
√

p+ , Q− ∼ 1√
p+

.

This dependence is precisely the one that

allows one to write the commutation rela-

tions in terms of m.



Consequences:

1. world-volume theory on a brane-anti-brane
pair in pp-wave admits the same tachyon
potential as in flat space.

V(T)
T0T1/gs

0

closed string vacuum

open strings

of  pp−wave

2. All D-branes, in particular non-BPS D-barnes,
in flat space should have pp-wave analogues!!

Detailed properties are, in general, expected
to be different.



Non-BPS D-branes in flat space

[PM]

Bosonic part is as simple as for BPS D-branes.

Complication arises in writing down fermion

boundary condition in Green-Schwarz formal-

ism.

In light-cone gauge: Sa(z), S̃a(z̄).

Variation of action gives,

Sa(z)δSa(z) = S̃a(z̄)δS̃a(z̄) , at z = z̄ .

BPS boundary condition:

Sa(z) = MabS̃
a(z̄) , at z = z̄ ,

Mab = γ
I1···Ip−1
ab , (Recall p odd) .

For non-BPS D-branes p is even. It turns out

that boundary condition is bi-local.



Sa(z)Sb(w) = Mab
cdS̃c(z̄)S̃d(w̄) ,at z = z̄

Mab
cd =

1

8
δabδcd +

1

16

∑
I,J

λ(IJ)σ
IJ
ab σIJ

cd

+
2

384

∑
{I,J,K,L}∈K

λ(IJKL)σ
IJKL
ab σIJKL

cd .

λ(IJ ···) = λIλJ · · · ,

λI =

{
−1 if XI Neumann ,

1 if XI Dirichlet .

{{I, J, K, L}} = K + KD ,

such that, for every {I, J, K, L} ∈ K there exists

a dual element {M, N, O, P} ∈ KD satisfying,

εIJKLMNOP �= 0 .



Q. How to deal with this boundary condition?

[PM]
Generalise the usual “doubling trick”.

Sa(u) · · · Sb(v) =




Sa(z) · · ·Sb(w)|z=u,w=v ,
(�u,�v ≥ 0)

Mab
cd S̃c(z̄) · · · S̃d(w̄)|z̄=u,w̄=v .

(�u,�v ≤ 0)

One consequence:

Sa(τ,2π)Sb(τ ′,2π) = Sa(τ,0)Sb(τ ′,0) ,
i.e. Sa(τ,2π) = ±Sa(τ,0).

Open-string spectrum: R + NS.

R: S
a1−n1

S
a2
n2 · · ·

( |I〉
|ȧ〉

)
,

NS: S
a1−r1

S
a2
r2 · · · |0〉 .



Non-BPS D-Branes in PP-Wave

• SO(8) fermions in light-cone gauge:

S1a(τ, σ) , S2a(τ, σ) .

• EOM:

∂+S1 − mΠS2 = 0 , ∂−S2 + mΠS1 = 0 .

• Boundary condition (at σ = 0, π):

S1a(τ, σ)S1b(τ ′, σ) = Mab
cdS2c(τ, σ)S2d(τ ′, σ) .

• Spectrum: NS + R (without zero modes)

(one can argue that R-sector zero modes

are inconsistent. This feature is different

from flat space. One recovers zero modes

in the limit m → 0.)



Hamiltonian

p+HR = m	a
†
||.	a|| +

1

4
m	x2⊥

sinh(2mπ)

sinh2(mπ)
+

m

2
(p − 1)

∞∑
n=1

wn

[
	a†n.	an + Sa−nSa

n

]
.

p+HNS = m	a
†
||.	a|| +

1

4
m	x2⊥

sinh(2mπ)

sinh2(mπ)
+

m

2
(p − 1)

∞∑
n=1

wn	a†n.	an +
∞∑

r=1/2

wrSa−rSa
r + E0

1

2
E0(m) =

∞∑
n=1

wn −
∞∑

r=1/2

wr ,

wn =
√

n2 + m2 , wr =
√

r2 + m2 .



Regularisation of E0(m)

1

2
E0(m) = 2

∞∑
n=1


√n2 + m2 −

√(
n

2

)2
+ m2




Use

∞∑
n=1

√(
n

a

)2
+ m2 = −m

2
− am2

2π
Γ(−1)

−2m

π

∞∑
n=1

1

n
K1(2πnm) .

E0(m) = −m +
4

π
m

∞∑
n=1

1

n
[K1(4πnm) − 2K1(2πnm)] .

limm→0 E0 → −1
2



Correct flat space limit, but no lower bound!!

−1/2

E0(m)
m

On the other hand:

−1/2

E0(m)
m

+ m
0



Future Directions

1. Boundary state construction.

• Demonstrate open-closed duality.

• Show zero RR-part.

• Clarify zero-point energy in NS-sector
hamiltonian.

2. Use covariant formulation to study non-
BPS D-branes that can not be seen in light-
cone gauge.
Example: D-particle

An application → study decay process.



3. Study defect CFT representing coincident

brane-anti-brane system in dual gauge the-

ory.

• How to see V (T) in gauge theory?

• Can we understand

lim
m→∞E0(m) , (recall λ′ ∝ 1

m
→ 0)

in dual gauge theory?

• Open-closed duality in gauge theory?


