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Compactifying on a Circle

| = R
Now consider placing one of the directions on a circle: \
9 9
X — X" +2nR =
So now when we go around the string: 7 — o + 211
String can wind, i.e.: X*(z,2) = X*(z.3) + 2m/ —(a |
e—_— IH ._:I

-9 4 | .
._.’.T\ u“ o) = 2nTwR = - (iy +00
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Compactifying on a Circle
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Compactifying on a Circle
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Compactifying on a Circle
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Compactifying on a Circle
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Compactifying on a Circle
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Compactifying on a Circle
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Compactifying on a Circle
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“decompactify” spacing of ladder of winding states become
momentum states massive. They leave the
becomes smaller recover theory.

a continuum of momenta
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Compactifying on a Circle
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Compactifying on a Circle
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momentum states But... spacing of ladder of
leave the theory. smaller... recover a

continuum of momenta
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Compactifying on a Circle
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R = 0 g,

But... spacing of ladder of
winding states becomes
smaller... recover a

momentum  states
become massive. They
leave the theory.

continuum of momenta

So we recover an uncompactified theory again!
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T-Duality
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T-Duality
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T-Duality
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T-Duality
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T-Duality
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T-Duality
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T-Duality
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T-Duality
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T-Duality
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s IS a2 one-sided parity operation on world-sheet:
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T-Duality
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T-Duality
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T-Duality
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T-Duality

i , s a' /n wR\
This is a one-sided parity operation on world-sheet: S =1 | —+ '-
Y ZiR o
9 i « [n wR\
oL _ Cf.) a=1\/ =3 |
D ', V2 \k a
Uy — — %
n W
Write things in terms of “dual” coordinate: R — R

) 8

- i Qs N 7O 1 =\
X7(z2,2) =X7(2) —XA7(Z)
Entire theory cares little about this sign, so a trivial world-

sheet symmetry can make a big difference to spacetime
interpretation.
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T-Duality for Open Strings

Clearly this ought not to work for open strings, right?
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T-Duality for Open Strings

Clearly this ought not to work for open strings, right?

Winding is not a good conserved quantity anymore.
Can’t swap it with momentum.

So when shrink circle away, expect a true dimensional
reduction to nine dimensions this time.
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T-Duality for Open Strings

Clearly this ought not to work for open strings, right?

Winding is not a good conserved quantity anymore.
Can’t swap it with momentum.

So when shrink circle away, expect a true dimensional
reduction to nine dimensions this time.

But away from the ends, string locally is a closed string,
so maybe it should know about the ten dimensions.
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T-Duality for Open Strings

Clearly this ought not to work for open strings, right?

Winding is not a good conserved quantity anymore.

Can’t swap it with momentum. trap the ends

somehow?’

So when shrink circle away, expect a true dimensional
reduction to nine dimensions this time.

But away from the ends, string locally is a closed string,
so maybe it should know about the ten dimensions.

How to square this circle’
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T-Duality for Open Strings
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T-Duality for Open Strings

Write the mode expansion as:
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T-Duality for Open Strings

Write the mode expansion as:
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T-Duality for Open Strings

Now place theory on circle, and explore the dual coordinate

)

X?(z3)=X"(z)—-X(3)
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T-Duality for Open Strings

Now place theory on circle, and explore the dual coordinate:

X?(z3)=X"(z2)=X"(3)

| &N

/Y

_ ol Lk "
=x_ —iop’ In >+05c11lut0rt~;

a1

/Y

! 9 :
=X+ 20 p 0 + oscillators
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T-Duality for Open Strings
Where are the endpoints of the string’

o
X”’)(U — JT) — X’t’)(o - = 2T[EII — 2ntnR’
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T-Duality for Open Strings

So the ends did
Yes, only | get trapped

endpoint physics : somehow.
is 9-dimensional /: \ By o N

/9
X
0 X 2nR
i 1 .= Qtarting theory had D9-brane,

Mﬁa“e Dirichlt-brane... D8-brane Neumann in all directi8f$:*




T-Duality for Open Strings

So the ends did

get trapped
: somehow.
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X
0 X 2R
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T-Duality for Open Strings

| So the ends did
Yes, only get trapped

endpoint physics : somehow.
is 9-dimensional \ \._‘ N
9
X
0 X 2nR
n=1 . Q’:ar‘tmg theory had D9-brane,

Mlﬁa"e Dirichit-brane... D8-brane Neumann in all directi&#é




T-Duality for Open Strings

_ So the ends did
Yes, only | get trapped
endpoint physics somehow.
is 9-dimensional /:

/
9
X
0 Y 2nR
n— e Qtartir*;g theory had D9-brane,

E' brsa“e Dirichit-brane... D8-brane Neumann in all directighe™




P-brane

T-Duality for Open Strings
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T-Duality for Open Strings

Yes, only
endpoint physics :

is 9-dimensional /'

0

P-brane

79

2R

So the ends did
get trapped
somehow.




T-Duality for Open Strings

| So the ends did
Yes, only | get trapped

endpoint physics : somehow.
is 9-dimensional \ \ N
/9
4
0 X 2nR

So we have
something like
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T-Duality for Open Strings

Yes, only
endpoint physics :

is 9-dimensional /:

0

P-brane

/9

2ntR

So the ends did
get trapped
somehow.




T-Duality for Open Strings

So the ends did
Yes, only | get trapped

endpoint physics : somehow.
is 9-dimensional \ \ N .
P B /
9
X .
0 X 2R
% By n=0 So we have

something like
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PPPPPPPPPP




What of Chan-Paton Factors?

Oriented case first (J_T(*\T)

Put theory on circle and pick Wilson line: U(N) — U(1 }.\'

‘49 = {li-‘:ig{ﬂl.ﬁj ..... H\}/.Z’IT[{

dA
X*J

This is pure gauge locally: A9 =1A" ;
0

But as we go around circle, there’ll be a phase:
: i b
{llzlg{r gl Mo EE ""‘}

: : - - Y
since a charge couples to give action: W =exp (:q / dX Au)
" Page 57/193
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What of Chan-Paton Factors’
s n g6
p =

K R

So canonical momentum gets shifted:

String endpoint charges normalised as =1
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What of Chan-Paton Factors/’
o g6
P =

R 2mR

So canonical momentum gets shifted:

String endpoint charges normalised as =1

S0 iz]> nas [)L):(Q’ITI?—Q—HJ‘—H;)/:Z’ITR
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What of Chan-Paton Factors’
5 B OB
E=

R I2mR

So canonical momentum gets shifted:
o

String endpoint charges normalised as +1]

b 11y s p’ = (2nn+6;—6;) /2w R
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What of Chan-Paton Factors’

Multiple
D8-branes

/ /|
S H"*—u,,___ s
H'x __EHH“"H N \\l".
‘h-\____‘_\_‘_ '|
f
i — ,-"I;
- /

0 6K OR 6.R’ 27R’

Rirsa::05060089 S et SRtes o Rt R LS e S S i T . T e TR e MR TR o TR e e el P ag e’ 61103




What of Chan-Paton Factors’

Multiple
D8-branes
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Collective Dynamics of a D-brane

Lorentz on “world-volume’:

- - s SO(1.8) C SO(1.9
e (j}_d)z_ ~(N=1) SO( 1 ~“SO(1.9)
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Collective Dynamics of a D-brane

Lorentz on “world-volume’":

. 95\ - SO(1,8) C SO(1.9
M? = (pP)2 + —(N —1) 5O(1 ~_S50(1.,9)

o
& (uﬂ” L 9;)1}?!)- PRy N EY
2o’ o

'Ur'ﬂ_l K> A (x")
i k> A’ (x) = p(x¥) s

“} R
2 \ el el
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Collective Dynamics of Several D-branes

‘ 59 | F ol
M? = (-p"})‘} — ”—f{_?\’ — 1)
2 (pﬁ” i 9_,,-)]R’)’" F=(N=1)
2ma’ o
wﬂ_] it k> A'“(-\““] 8 Ve’ _ .
-qlt) it k> Ag(.rﬂ) = ¢(x")

U(n) gauge theory with adjoint scalas.es n
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Collective Dynamics of Several D-branes

Keep looking at mass formula:

1

M? = (};35)2 + ;}7(\ —1)
c) : 4lE gk : ! 2
1 ([_TH .(9;_ 9})]}? ) i i(A\’F . 1)
2o’ o

Get massless states also from
strings stretching between branes
when the branes coincide:

Wil k> Abt) | ,’

9 .- 9 \ —
(TN A% (X)) = ()
rsa: 05060085 U(n) gauge theory with adjoint scalas.em n

u—1I0 1 R coincident brana’s “warld-valiime'’
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D-branes of Other Dimension

Just keep T-dualizing: Dirichlet and Neumann are T-dual, and so can make
D-branes of different dimensions
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D-branes of Other Dimension

Just keep T-dualizing: Dirichlet and Neumann are T-dual, and so can make

D-branes of different dimensions

F -5 2
B G W A

‘ -"-|
A (2.2
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dX4(3) = g
: — —F P, e b F
02 ]z

DX 22( =) dX22(3)
02 )z

00X (2]

— r'fl.,_\.,:'-'l e 3

Page 69/193




D-branes of Other Dimension

Just keep T-dualizing: Dirichlet and Neumann are T-dual, and so can make
D-branes of different dimensions

-« 2T 0X=(2) 0X*°(3) . ek
B G AR - = A | T
1z )z
= 0X2(z) 8X2%(z) : =
f),f_\h}]‘:_:_‘_,) . + o — :f.)f_l_\jr—'.'l_:_:-1
02 0z

Dp-brane in D-dimensions

X%a1r): M=0... D-1
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T-Duality and Unoriented Strings




T-Duality and Unoriented Strings

For closed strings, recall:
X M ( > Z) = \'m( ) + X M (%)

Dual coordinate:
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T-Duality and Unoriented Strings

For closed strings, recall:
X M ( > Z) = \'m( >) 4+ X™ (%)
Dual coordinate:

‘\-nn ( 2. 3) = Xxm ( - ) ¥ (Z)
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T-Duality and Unoriented Strings

For closed strings, recall:

X™(z,2) = X™(2) + X™(2)

Dual coordinate:

‘\-nn(:‘ :) = ‘\'m(:) & ‘\'m( _,:)

Action of Q :

Rirsax0506008 95N M &-a Seter - Sl et RN SR, DR L o TR R SRR e T D AT o S e i - R P a g e i75/1193




T-Duality and Unoriented Strings

For closed strings, recall:

4\";?!(:' :) — 4\'—”"(:) — ‘\rfn(f)

Dual coordinate:

\'Im ( ® o~ ) = \'m ( ~ ) s \*m( ~ )
Actionof {): exchange X*(z) and X#(2)

Xr,’m(__ :) o ,-’””(: _;)
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T-Duality and Unoriented Strings

Orientifold Plane:

0,R  —-O,R 0 OR  O,R TR
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T-Duality and Unoriented Strings

Orientifold Plane:

-0,R°  -O,R () OR  O,R ™R
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T-Duality and Unoriented Strings

This gives new view on what Type | string theory is:

| 6 D9-branes + Orientifold 9-Plane

D9-branes have a certain “10-form” charge. This is
cancelled (satisfying Gauss Law) using O9%-plane which
has 16 units of opposite charge.
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Return to Supersymmetric Strings

Well, here they are again:

Type IIA (closed) Very (super) symmetric (N=2) G (e

Type IIB (closed) Very (super) symmetric (N=2) e "

Heterotic (EBxES) (closed) Less (super) symmetric (N=1)
Heterotic (SO(32)) (closed) Less (super) symmetric (N=1)
A,
Type | (SO(32) (open) Less (super) symmetric (N=1) %
GI""H- ( L= (p A;I
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Supersymmetric Strings

The fields in black are from the “NS-NS" sector

Type lIA (closed) Very (super) symmetric (N=2) " £ " -
i ) JLV K B PLL K T.F
Type IIB (closed) Very (super) symmetric (N=2) ‘@il (A
Heterotic (EBxES) (closed) Less (super) symmetric (N=1) G.U”‘ Bﬁﬂf ’ (I)
Heterotic (SO(32)) (closed) Less (super) symmetric (N=1)
A,
Type | (SO(32)) (open)  Less (super) symmetric (N=1) Gﬂ”‘-‘ ( f P A;r
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Supersymmetric Strings

The fields in black are from the “NS-NS" sector

The fields in red are from the “R-R” sector

Y
(T!”;-. B‘uu- (D
Type lIA (closed) Very (super) symmetric (N=2) "G C
i ) LLL B .” e TI
Type IIB (closed) Very (super) symmetric (N=2) "G (- (b
» Y pr s N~ prvKo
Heterotic (EBxES8) (closed) Less (super) symmetric (N=1) G“”' Bﬁ“’ ? ®
Heterotic (SO(32)) (closed) Less (super) symmetric (N=1)
- l;[
Type | (SO(32) open Less (super) symmetric (N=1 ‘
ype | ( | (open) (super) sy (N=1) .4 A#

The _language describes combining
iferent Y eft a rig
different types of left and right

-
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Supersymmetric Strings

L
(T;“;-. B‘uy- (D
Type lIA (closed) Very (super) symmetric (N=2) . ("
r._ . LLL P . I I 'rJ
Type IIB (closed) Very (super) symmetric (N=2) B ¥ R G
Y
Heterotic (E8xES8) (closed) Less (super) symmetric (N=1) Ga‘“‘"' Bﬁ“’ , P
Heterotic (SO(32)) (closed) Less (super) symmetric (N=1)
A,
Type | (SO(32)) (open) Less (super) symmetric (N=1) Y
GI—‘F. ( LLLS » (b A;l‘
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Supersymmetric Strings

The string theories all have effective actions for the massless fields. Usually
called “supergravity . For example:
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Supersymmetric Strings

The string theories all have effective actions for the massless fields. Usually
called “supergravity”. For example:

1 /9 9
STA = — /dm&ﬂ(G)l"“ {6’ i

(G{ZZ))‘J e ]‘ (4})2} - L} B(:z':dc.{.‘:l}dczii) ‘

4H.G

2 1 3)\2
R+ 4(V®)? - @H**”)*

Notice that the dilaton factor showing what
order in string perturbation theory we were
_at only appears here...Not for R-R sector
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Type lIA

Type |IB

Heterotic (EBxEB)
Heterotic (SO(32))

Type | (SO(32))

Pirsa: 05060089

Supersymmetric Strings

(closed) Very (super) symmetric (N=2)

(closed) Very (super) symmetric (N=2)

(closed) Less (super) symmetric (N=1)
(closed) Less (super) symmetric (N=1)

(open) Less (super) symmetric (N=1)

Content (low energy massless feds)
ey

G,uu- B,twv (I)
A,
@ A
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Supersymmetric Strings

The string theories all have effective actions for the massless fields. Usually
called “supergravity”. For example:

1 :
STA = 52 /dml‘i'(G)l“2 {E_M

Kg -

R+4(V¢>)“—1—_)(H‘3')“

_ L@y _%1})2} i %/B*‘fdc““dc““ |
4 ' 4Kg

1L ’ ] > | - ~ - 1 i \
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Supersymmetric Strings

The string theories all have effective actions for the massless fields. Usually
called “supergravity”. For example:

1 LT LN EE
SIIA = 5 /dww(G)l“-{e ? |R + 4V®)? — —(HY)?
2Ky : 2
-~ (C?)? “’)'2} 23 /Bu dc®dc®

4 4H.f;

Notice that the dilaton factor showing what
order in string perturbation theory we were
_at only appears here...Not for R-R sector
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Type lIA

Type IIB

Heterotic (EBxES)
Heterotic (SO(32))

Type | (SO(32))

Pirsa: 05060089

Supersymmetric Strings

(closed) Very (super) symmetric (N=2)

(closed) Very (super) symmetric (N=2)

(closed) Less (super) symmetric (N=1)
(closed) Less (super) symmetric (N=1)

(open) Less (super) symmetric (N=1)

Content ( low energy massless fields)
b |
(T;“;-. B‘“p- (ﬁ

G 5, 8
A,
GO ® A
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Supersymmetric Strings

Type lIA (closed) Very (super) symmetric (N=2)

Type lIB (closed) Very (super) symmetric.‘ O ¢
y /s WWKO
Y
Heterotic (E8xES) (closed) Less/ symmetric (N=1) G!-“"‘ Bﬁ”" ’ (b
Heterotic (SO(32)) (closed) per) symmetric (N=1)
A,
Type | (SO(32)) open) Less (super) symmetric (N=1) .
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Notice that they all have a metric. two-index antisymmetric tensor. and a dilaton.
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Why is there always that Multiplet!

VVhenever theres a closed string, there |l always be that m
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Why is there always that Multiplet’

B is there to give dynamical weight to the string’s ability to wind.




Why is there always that Multiplet?

B is there to give dynamical weight to the string’s ability to wind.




Why is there always that Multiplet?
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Why is there always that Multiplet?

Measure the "4 charge” carried by a
particle in =4 by surrounding it with

a two-sphere....
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Why is there always that Multiplet?

Measure the "4 charge" carried by a
particle in D=4 by surrounding it with
a two-sphere....
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Why is there always that Multiplet?

Measure the "4 charge" carried by a Measure the "B charge” carried by a
particle in D=4 by surrounding it with string in D by surrounding it with a
a two-sphere.... (D-3)-sphere....
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Supersymmetric Strings

S0 you see that the string is the
fundamental source or “charge carrier”
of the B-field.
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Supersymmetric Strings

S0 you see that the string is the
fundamental source or “charge carrier”
of the B-field.

Type 1IA : S e i Suie R
Type 1IB : . L Low i Uikl
lype | : e 1 e
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Supersymmetric Strings

S0 you see that the string is the
fundamental source or “charge carrier”
of the B-field.

Type 1A : Cur> Cuwr, Cumops Cuvnopx
l"pe 1B : (e, C wy ( UVKT 3 ( UVKOPAY 3 C WUWVKETPAYT
l\'l)f:' l . ( Hy ( ;H’HETJJ,\‘

Type |, Type IIA and Type IIB all have R-R

sector, where higher rank forms arise....

rsa: 05060089 Might there be fundamental charge carriers for thesrm00!




Supersymmetric Strings

Type IIA : G Las . B . Saia
Type 1IB : C, Cw, Cukser Cuwsapry; Cunoprys

'l‘}'lJf’ l : ( .,;Hf' , (1 A"




Supersymmetric Strings

T}fpe 1A : C,u y C,uuh: 9 C;wmrp 9 C,twmrp)\"_f

Type [IB : C 3 (',uu 3 C‘pur:n' 3 C';wra:arp)rr 3 Ctpurcrrp)\ﬁ.rr
T}’pe & Cf,u,u ) C';wr;rrp/\“-




Branes as Sources
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Branes as Sources

Single:

ggggggggggg




,A'l.,r':r"rhl tne :]I::,r.] :|:E':_"rj C:SC'_|:It:}ﬂ
describe the D-branes’

one can desc
Page 107/193

natural sourcing of closed string fields
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1Ciuding =M sector.




Within the open/closed description,
one can describe the D-branes’

natural sourcing of closed string fields
Pirsa: OE]OGOO

including R-R sector’
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Within the open/closed description, _alQ.
one can describe the D-branes’ Ns Ns —-'G}N-.(I)

natural sourcing of closed string fields

Pirsa: OE]OGOO

inc uaging R-R sector! R_R. C F’a‘getl‘jg’l%




D-Branes as Sources
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D-Branes as Sources

So we have odd D-branes in Types |IB and | and even in Type lIA....
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D-Branes as Sources

So we have odd D-branes in Types |IB and | and even in Type llA....
R A R N o s G o e R TR0 S S R g S s SR

2 :
3 PR ettt B A ,.,_| L
D Si g isell coupies

-
=

G“,,. BW. P to B
Type IIA : Cus Cunsy Cumeps Cpvnop DO, D2, D4,D6
Type 1IB : C, Cuw, Cuxe, Cun C D(-1), D1, D3, D5, D7
Tvpe I: s (HERE D1, D5

G;w (I) __11“ (ends of string

couple to the SO(32) gauge field)
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Quantum Consistency
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Quantum Consistency

=

U
A
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Quantum Consistency

NYirar CHi1arnticat -
Lirac uantsatio

The presence of objects carrying magnetic
charges of a field when there are already
electric charges present is highly constrained
by the rules of quantum mechanics....
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Quantum Consistency

Dirac Quantisation

The presence of objects carrying magnetic
charges of a field when there are already
electric charges present is highly constrained
by the rules of quantum mechanics....

Page 117/193




Quantum Consistency

Dirac Quantisation

—

The presence of objects carrying magnetic F iy — F v
charges of a field when there are already
electric charges present is highly constrained electron +— mOnOlee

by the rules of quantum mechanics....

monopole +— electron

Constructing the monopole produces an infinite "Dirac
String”... The electron potentially sees this string as a phase
change of the wavefunction upon circulation...

ez’eg/h
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Quantum Consistency

Dirac Quantisation

—

The presence of objects carrying magnetic F e V@ F, Iy
charges of a field when there are already
electric charges present is highly constrained electron +— mOnOpﬂle

by the rules of quantum mechanics....

monopole +— electron

Constructing the monopole produces an infinite "Dirac
String”... The electron potentially sees this string as a phase
change of the wavefunction upon circulation...

eieg/h

For this "Dirac String” to be absent in the theory, we
must therefore have....
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Quantum Consistency
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Quantum Consistency

:'"H, = g f.‘\' - e )
Lirac Yuantisatio

The same is true for branes... VWe have both
electric and magnetic charge carriers under any
given R-R sector field.... What do the rules of
quantum mechanics require of us...?
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Quantum Consistency

Dirac Quantisation

The same is true for branes... We have both
electric and magnetic charge carriers under any
given R-R sector field.... What do the rules of
quantum mechanics require of us...?
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Quantum Consistency

Dirac Quantisation

The same is true for branes... We have both ((r+2) _ golp+l) _, (@&-P) — 4o(7-P)

electric and magnetic charge carriers under any
given R-R sector field... What do the rules of Dp—brane <+— D(6—p)—brane
quantum mechanics require of us...?

Constructing the monopole produces an infinite "Dirac
Sheet”... The Dp-brane potentially sees this string as a phase
change of the wavefunction upon circulation...

ei,u ph6—p2Kg
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Quantum Consistency

Dirac Quantisation

The same is true for branes... We have both ((P+2) _ golp+l) ., (&-P) — 40(7-P)

electric and magnetic charge carriers under any
given R-R sector field... What do the rules of Dp—brane +— D(6—p)—brane
quantum mechanics require of us...?

Constructing the monopole produces an infinite "Dirac
Sheet”... The Dp-brane potentially sees this string as a phase
change of the wavefunction upon circulation...

eiy ph6—p2Kg

For this "Dirac Sheet" to be absent in the theory, we
must therefore have....
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Quantum Consistency

Dirac Quantisation

The same is true for branes... We have both ((r+2) _ golp+l) _, (&-P) — 40 (7-P)
electric and magnetic charge carriers under any
given R-R sector field... What do the rules of Dp—brane «— D(6—p)—brane

quantum mechanics require of us...?

Constructing the monopole produces an infinite "Dirac
Sheet”... The Dp-brane potentially sees this string as a phase
change of the wavefunction upon circulation...

eiy pHé6—p2Kg

For this "Dirac Sheet" to be absent in the theory, we
must therefore have....

2nm: |
He—p 21(3

:
Hplle—p2Kg =21t — p, =
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Quantum Consistency

1Nt ;-:" 0

U
(

Rirsazi0506008 9 M e 11 SR G IR, e T R e D kel - R [ S R T TR Lt T RLERT T SR o, s, SRR P a0 e 11 27/1193




Quantum Consistency

Lisatio

O
-
A

Compute the charges [, for the
D-branes,
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Quantum Consistency

Dirac Quantisatio

Compute the charges [, for the
D-branes,

‘ / I:"';J+ :
By = (27) Pa' ™
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Quantum Consistency

Uantisatio

U
N
)

Compute the charges [, for the
D-branes,

{ P |
) f— -
¢ ¥ -

Hp = (.2?{')
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Quantum Consistency

[NYirar CHhi1arnticat
Lirac Yuantsatio

Compute the charges }{) for the
D-branes,

.:;:-1'. ]
) J—-
P oy 2 R-R charge

Hp = (.2?{')

]
™ = 4s Hp
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Quantum Consistency

rac Quantisatio

O

Compute the charges [, for the

D-branes,
== p / I:’”_jr‘ ]

pp = (27) Fa 2 R-R charge
= .

Tp =G5 Hp tension

and find that they satisfy the contraint with n =1 !!
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Quantum Consistency

Dirac Quantisation

Compute the charges }{) for the el

D-branes,
(p4+1)
Py = (27) Pl R-R charge
= 1 .
T™pn =045 HKp tension
i)h.—) — ‘)f'-)f_} _— 1[_'___(' p—— {u) |- l"']: 2
2K° = 2Kq4; s N 27) ' g,

and find that they satisfy the contraint with n =1 !!

soc@ther  words, D-branes carry the page 1331103
smallest possible charees of the R-R sector




D-Branes as BPS States

\p l
Py = (27) Pal 7 R-R charge

3 |
Tp = Gs Uy tension
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D-Branes as BPS States

Mass Equals Charge

(p+1)

Py = (27) { Few R-R charge

= :
s = 0Gs Hp tension

: . 1
D-branes saturate the Bogolmo'nyi-Prasad-Sommerfeld bound: T, > g, U,
BPS states are the lightest states for that given charge.

They cannot decay.

T'hey do not interact with each other (attraction balances repulsion)

The perturbative computation of their mass-charge is exact.
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