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NON-BPS D-BRANES IN STRING
THEORY

¢ Construction of unstable non-BPS D-branes
in type II string theories.

¢ Stable type I D-particle

e Type II  D-branes  wrapped on
non-supersymmetric cycles of K3

= Construction

= Phase diagram and behaviour near the
c_:_ritical poiﬂj

Convention: o’ = 1 (string tension=(2x)"1).
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e testing duality conjectures beyond the BPS
spectrum

¢ constructing non-supersymmetric string the-
ories using non-supersymmetric branes

——

¢ providing theoretical challenges for
non-perturbative formulations of string the-

ory
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We start with a system of coincident D-brane
— D=brane pair in type IIA/IIB string theory:

¢ Spectrum of open strings living on the world-
volume contains four different sectors.

— denoted by 2 x 2 Chan Paton (CP) fac-
tor:
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o GSO projection: Physical states in sectors
(a) and (b) have (- 1)¥ = 1 whereas those
in sectors (c) and (d) have (- 1)F = -1.

¢ The Neveu-Schwarz (NS) sector ground state
has (-1)F = —1

Hence they survive in sectors (c) and (d)
and give tachyonic excitations with

(m? = —(1/2)

——

Since the tachyon comes from two differ-
ent sectors it is a complex field.

¢ Although individually the D-brane as well
as the D-brane is invariant under half of
the space-time supersymmetry transforma-
tions, the combined system breaks all su-
persymmetrig_g.




We shall now study the action of (—1)fL on
the coincident D-brane — D-brane system.

(=1)FL: Acting on the closed string Hilbert
space, it changes the sign of all the states on
the left-moving Ramond sector, but does not
change anything else.

=+ trivial action on the world-sheet fields.

Space-time fields originating in the RR-sector
change sign under (—1)~L.

Since D-branes are charged under RR field,
(=1)'L must take a D-brane to a D-brane.

= A D-brane — D-brane system is invariant
under (—1)fL and it makes sense to study the
action of (—1)¥L on the open strings living on
this system.




Action of (—1)fL on the open string living
on the brane-antibrane system

We focus on the NS sector.

(=1)Fr has no action on the world-sheet fields.

—

Thus we need only to study the action on the
CP factors.

Since (—1)fL exchanges D-brane with D-brane,
it acts on the CP matrix A as

i A — SAS~1 .

where ———
B st 0O 1 |
L — . 1 0 |

m—

Thus states with CP factors I and o, are even
under (—1)“L, whereas o3 and iop are odd.



We are now ready to define a non-BPS D-2p-
brane of type E string theory.

' & We start with a D-2p — D-2p pair in type
. HA string theory and take the orbifold of
this configuration by (—1)*L.

¢ In the bulk, modding out IIA by (—1)fL
gives IIB.

¢ Acting on the open strings living on the D-
D-brane world-volume, (—1)¥L projection
keeps states with CP factors I and o3 and
throws out states with CP factors o3 and

107.
o p— = = - — i/

This defines a non-BPS D-2p-brane of type
B string theory.

|

Similarly, starting from a D-(2p + 1)-brane D-
(2p + 1) pair of IIB, we can define a non-BPS
(2p + 1)-brane of IIA.
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W of the non-BPS D-2p-brane of IIB:

¢ Excitations on its world-volume are open
strings with Dirichlet boundary condition

— e ———

on the (9 — 2p) transverse directions, and
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Neumann boundary condition on 2p + 1
tangential directions (including time).

¢ These open strings carry Chan Paton fac-
tors I or o;.

e Physical states with CP factor I has (—1)" =

e T e i W

1 and physical states with CP factor oy has
(-1) 1) = —1.

(Note: ( 1)F denotes world-sheet fermion
number)

These rules are induced by the correspond-
ing rules on D-D pair.
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@ The NS sector ground state from CP factor
o1 has ( I)F _—_1_ and hence is physical.

= a tachyonic mode with

1
me = ——

2
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It is a real field.

¢ | he tension of the non-BPS D-2p-brane is

given by: -
| (2w)-2p(ﬁ/g)j

g. string coupling

One can also derive the spectrum of open strings
with one end on the non-BPS brane and other
end on a BPS brane, but we shall not discuss
It here.



A non-BPS D-2p brane of type IIB can also

T e e

be viewed as a tachyomc domal‘hwall on a D-
(2p+1) - D-(2p+ 1) brane system of IIB

— e i

D-(2p+1)-Anti-D-(2p+1)
pair of IIB

* Domain
wall

' D-2p - Anti-D-2p D-2p of
iy

fen b

Horizontal arrow: Effect of modding out by
(=1)Fr.

veértical arrow: Effect of considering tachyonic
domain wall solution.

The equivalence of these two constructions
c¢an be given using CFT technigues

Similar dual construction can be given for non-
BPS D-(2p+ 1) brane of IIA.




Stable non-BPS D-branes

""‘-.IAmugh we have constructed non-BPS D-
branes in type [IA/1IB string theory, they are all
unstable due to the presence of the tachyonic

- e T e

mode.

WHhat is the use of such a D-brane?

Answer: Although they are unstable in type
ITA /IIB, we may get stable non-BPS D-branes
i certain orbifolds/orientifolds of IIA/IIB if
the tachyonic mode is projected out un-
der this operation. N B




o Start with the non-BPS DO-brane
(D-particle) of type IIB.

¢ Mod out the configuration by the world-
sheet parity transformation £2.

Result: A non-BPS D-particle of type I

Is this D-particle stable?

(Is the tachyonic mode on the type IIB D-
particle odd under Q27)




Observation: The two point function of the
tachyonic mode on the D-particle world-volume
and the RR sector scalar field ¢ of type IIB is

vatshmg A

RR scalar
% tachyon
vertex

op.

¢ IS known to be odd under £2

=% the tachyonic mode of the D-particle is also
odd under £2.

=% |t Is absent in type I D-particle

e — — e

= type I D—E)article IS stable.

It can be shown that this state transforms in
the spinor representation of the type I gauge
group SO(32).




Example II: D-branes  wrapped on
Wym metric cycles

' @ Start with non-_BPS D-string of type IIA on |
a circle along z° of radius Ry.

¢ Compactify three other directions 28 27 8.

@ Mod out the theory by a Z> transformatlon

Z4 which changes the sign of z°,...2°:

\l GI4 (z°, 2’ 8 z2) = (—2°,—2', —3::8 —z°) ; '

——_— —
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In the bulk this gives

_I_I_g_ on an orbifold_ K_3




Since the D-string lies along z°, the tachyon
field on its world-steet is a function of z° and

astion: How does T(:cg,t_) transform under

! T(z°,t) - —T(-z2,t) |

Expand T'(z°,t) as

[ T(22,t) = Y Tn(t)ee /Ro \

Then under Zy:

= — e—

(’Tn—-r— -




Thus

—— _
e E, IS projected out.

® Forn #= 0 the combination T,,—T_,, survives
the projection under Z,. |

— -

Effective mass? of T, — T,

ﬁ my = (n®/R§) — (1/2) \

Thus there is no tachyon in the spectrum for

iRgs{ik

Demanding that there are no tachyonic modes
from open strings wound along z°, z7 or z5,
we also get
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Result: A stable non-BPS state in type IIA on
T%/Za.

What is the interpretation of this state?

For this we need to study the physics at the
critical radius Rg = V2.

At this radius (77 — T_;) is massless.

In fact one can show that the potential for
(71 — T_1) vanishes identically.

= (T7 — T_,) denotes an exactly marginal de-
formation of the boundary CFT describing the
D-brane.

We can study this deformation using CFT tech-
nigques.




Result: Trm mammal deformation _t.am tm

What is the result of modding out this config-
uration by I,7

A pair of fractional D-particles at the orbifold
mnies .Dm.,q"ﬁu A. Meo e

Interpretation: A pair of D-2-branes of type
A, wrapped on the 2-cycles associated with
the two fixed points of 74 at z° =0 and z° =

o g

This suggests that the original configuration is
a D-2-brane of IIA wrapped simultaneously on

.-3#—-————-

both these 2-cycles.

=+ & non-supersymmetric 2-cycle, B * &
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¢ At the critical radius the D-2-brane

wrapped on the non-supersymmetric cycle
IS degenerate with the pair of D-2-branes

wrapped on the supersymmetric cycles.

¢ Below the critical radius the D-2-brane
wrapped on the non-SUSY cycle is lighter
than the pair of D-2-branes wrapped on the
two SUSY cycles.

— this wrapped brane is stable.

¢ Above the critical radius the D-2-brane
wrapped on the non-SUSY cycle is heav-
ler than the pair of D-2-branes wrapped
on the two SUSY cycles.

— this wrapped brane is unstable against
decay into a pair of supersymmetric brane
configurations.




erote the (Ty — T_1) vev by (a —1).

0 1 2
—— —— a, —

BPS non BPS"

BPS’ BPS BPS"™

a = 1. D2-Brane wrapped on non-SUSY cycle

‘____-._____.....—Ft

= Minimum of V(a) for Rg(= R) < V2.

= —m - I ——— — ——

“a = 0: Pair of D2-branes wrapped on SUS*‘Y_“?

|
I

‘& = 2: Pair of D2-branes wrapped on SUSY
cyt:les with their DO-brane charges reversed.

| |
| \
: - represent degenerate minima of V(a) for |

Rg>\/-




a = 1: D2-Brane wrapped on non-SUSY cycle

e e

= Minimum of V(a) for Rg(= R) < V2.

—

('-ﬂ.' = 0: Pair of D2-branes wrapped on SUSY
! ﬁ=# N ;I
cycles

e —

a = 2: Pair of D2-branes wrapped on SUSY
! cycles, with their DO-brane charges reversed.

—» represent degenerate minima of V(a) for

- Rg > V2.
——




We want to see how this picture changes when
we switch on twisted sector modes.

T, Marpmah & RS,

e it o=

the supersymmetric cycles).

(Flux of anti-symmetric tensor field through

¢: Difference in flux through the two SUSY

2-Cycles.

ﬂo( -4 w T, "P-:—J
Tachyon potential to first order in (R—-Vv2 V2)
and ¢: |

@;—%(\/5 — R) cos(ma) + ¢ CQS(%W&) :

We can now study its minimum for different
values of R and (.

0 at (R—\/_ C—O)las ex-

Note: V(a)
pected.




The phase diagram in the R — ¢ plane:
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Phase I: D2-brane on non-supersymmetric cy-

cle. ) —
r 2 -1 C
a = —COS

s R — 2
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Phase II: A pair of D2-branes on SUSY cycles

Phase III: A pair of D2-branes on SUSY cycles
carrying opposite DO-brane charge
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The potential V(a) for different values of R
for fixed ¢ < O:
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+ 1 TACHYON VERTEX OPE RATOR
e CLOSED STRING UERTENK
PE RATOR CoRRESPONDING TO

o = TDe s oMA T ION




Force between a pair of D2-branes wrapped
on m-mmmetnc cycles

Can be calculated by computing the open string

e ' ™M .- C“uﬁ.h-h"_}x(_luil\‘ L& RS
_ - CWerk G bro €S
Recall the region of stability:

1 1 1
(RGZE! R?ZE: RBE_\/_§: RQSB
S — -t

Result: The force between a pair of wrapped
branes is repulsive at all distance scale when
any of the above condition is a strict inequality.

the force between a pair of particles _\_fanishes
at all distance scale.

Result of accidental degeneracy between bosonic
and fermlonlc open string spectrum at all mass
Itevels

MANY oTHER NON-SUPER SyMMETRIC

BRANE ConFIGURATIONS HWAVE
THIS FEATURE .



This construction can be generalized to de-
seribe a (2p 4+ 2)-brane ((2p+ 1)-brane) of IIA
(IIB) wrapped on a non-supersymmetric cycle

of K3.

Using this procedure one can also construct
examples of D-branes wrapped on non-BPS 2-

and 3-cycles of Calabi-Yau manifolds.




Type A (IIB) contains non-BPS D-branes.

Tﬁm pranes are related to brane—antlbrane
e II string theories via orblfoldmg

P
ﬁy L 1)? as well as via tﬁ_achypmc Kink con-
struction. - B

/rever, these branes are unstable against de-
@ into vacuum as indicated by the presence
of tachyonic modes on these branes.

-
Upon modding out the theory by an appro-
priaté group which projects out the tachyonic
mode, these non- .BPS D-branes may ' become

sﬁme and represent physically interesting states
e. g. -

o SO(32) spinors of type I

¥

¢ D-branes wrapped on non-supersymmetric
cycCles of K3 and Calabi-Yau orbifolds

WORLD - VoOlLUME THEORY oN N
CoINCIDENT D-BRANES G&VEL

Non=- SUPERSYMME TRIC SuUin) GAVGE
THEORY. WITH ADTOINT FERM(onN S & SCALAKS



