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DUR NG THE LAST FEW Y EAES we
HAVE CLEARNED A LoT ABouT THE

spECTRUM OF BPS STARTES In STR NG THR#

MANY STRING THEORIES ALSo ClonNTAIN

ELEMENTRARY STRING
ETHTES WHIcH ARE STABLE DuE To°

CHARGE CoNSERVATIOoN BUT NOT BPS

SPECTRUM o©fF THESE STATES AT

WEAK CpUPLING. CAN BE fFounND BY

PERTURBATIVE ANACLYSIS

IN THIS TALK WE SUALL ANALYZE
THE SPECTRVM OF THESE STATES

AT STRON G CoUPLING
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EXAMPLE T: So(32) HETEROTIC

STRING THE CEY

= ConNTAINS STATES IN THE SPINOR

REPRESENTATIeoNn OF Sol32) AT

WE AK ColVPLIN G

( NoN- BPS STATES)

THE LIGHTEST STATE |IN THE

SPINOR REPRE SENTATION oF So(32)

MUST BE STABLE AT ALL VALUES

OF THE CoUPLING

Q. WHAT (S THE M™MASS OF THIS
STATE AT STRONG CouPLINGT

e 17"‘[
ANSQWER ¢ K '3._;,' STRING COUPWs
é’f——%__.l' congT.
rl gl NUMERICAL CoEFFICIENT



@ 4

EXAMPLE 2: A DRICHLET p-BRANE

ON ToP OF AN ORYENTIFOLD $-PLANE

&
{ soxyTYPE)
IMAGE D
Wirf

CLASSICAL M™MASS OF AN OPEN

STRING., STRE TCHED BETWEEN

THE D-BRANE ARND ITS IMAGE

\f_ﬂNlSHES I THIS LT

BUT THE SUPERSYMMETRIC

ARRoynND STATE 1§ FPRodJECTED OUT.

THE GROUND STAE SvRVIVING

THE PRoOJTECTION 1S MASSIVE

AND NON-BPS




@ 5

THIS STATE CARRIES CHARGE

UNDEE THE Soll) CSLHUG..E FLELD
CiviNG onN THE wLJoRLD-VOLUME

OF THE SYSTEM.

(e

THE LIGHTEST STATE CAREYING

So(2) CHARGE M™MysT BE STABLE

ForR ALL VALVUES OF THE CoupPlina

Q. WHAT 1S THE MASS OF THIS
STATE N THE STROoNG CoUPLING

LiMmTY
il RGNS WO ARG R
h@w | ofeudd




SUMMARY ©OF THE REsuULTS fFoR

THE Dp- BRANE + Op- PLANE SYSTEw

P | ™MASS (N OVER ALL
STRING., METRIC) Cof FFICIENT
FoR 9 >2 1
6 < ZF KNOWN
: I -
5 < g% <N N
4 < g UN KN OWN
= | -
3 ?
FINTITE

P27 : ASYMPTOTIC 2. NOT , ConNSTANT

PL R CHARGED STATE HAs ©° N
SeLF- eneRrGy From Sdfx EF
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Prowitetey yE TURN To EXAMPLE T

SO(32) SPINORS IN HETEROTIC

THEORY IN STRONG COVPLING LIMIT

i DUAL THEORY

WEAKLY COUPLED TVYPE.T

Eamsmee TYPE I COMPACTIFIED

N £' OFf LARGE RADIVS R

TAKE A D-STRING - ANTI-D-STEIN

PAIR WRAPPED OnN S° (Coinc

o —————

| - PERWODIC B.C.
D B S -> SPiNoR

D -~ —» SCALAR
i%ﬂﬂTl—PER‘.ID‘DIC_ P Le hims s
3. C. & W okt en

S

= A SPINOR OF S0(32)
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MASS = 2. 2MR. Ty —> e AS R

A
D-STRING TENSION

WE NEED TO TAKE INTO ACCOUNT
THE FACT THAT THIS SYSTEM
HAS A TACHYoONIC ™MODE -

>
g > ANTI-PERI0DIC
S B.c. ALoNG §

THLS GIVES THE FoLLOWING

MINI MUM ENERGY ConNFIG. FOR R
m

?

TR %x
1-To (MW!MUM oOF W‘FJJ

> HAS FINITE MASS FoR R-»e0 | F V(T.)+2Tt
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> CAN BE
FW“} TR¥T> <O “proved”

ASsuMING THIS RELATION TO

BE TRUE, WE QET
a2 In TYPE T MERIL

{MHSS = e/ 9

/ > TNPE I CouRlinNGg
NUMERICAL

CONSTANT

INDIRECT ARGUMENT

> =&
MEARASURED IN MHETEROTIC METRIC:
(m- & g7

Y S5 HeTeRrRoT!C
A NuM ERICAL ConNST. oA

RECLATED To C
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DETERMINATION oO©F C:

(coMPACTIFY TYPE I o~ A
CIRCLE ©F RADIUS R

e

& TAKE A D-STRING. ANTI- |

3
P'STRINCA PAIR WRAPPED ON &

BouUNDARY Cond |TioN ON LA

| (x4 2mR) = - T(x) |

3 SPINoR OF So(31).

1+ =
R hZ;E ) )

2
S EFFEGTIVE MASS ©OF ‘T‘,..‘..,i:

2 2 )
E*‘*’i’/ﬁa’ ™ |

No TAcHdyonic ™MoDE FOR
¥ (R »< |@ %e




INTER PRETATION 22,

§ Tl

e/
v m)’.a..

R> Bt

2. RXTMR . Ty, 2> T"ﬁsFWGR

\ ~ — |1
TOTAL MASc D=-STRING TEWNSION
OF D1+ D3
\f.:,’_"l"}&}
A .
R< &

v

2. TR Tp < Y uor

ye
rP)’:.

D1+D1 SVYSTEM 18 STABLE
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AT R‘-ﬁ; n'}z 1$ MASSLESS ™ModE

N FACT T REPRELENTS AN
ExXACTLY MAR&INAL DEFORMATRN

AN C%, )
—_— _=___-F{n‘_i _"3"[1
/’J A
e
2 <. MR rPI: = mEFINnR_
/o~
Ve -Q-rr’g

e = R~ o L I E :ﬁ
= SPINOR 2 "',ri Q"ﬁ'ré -;?

s =12
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CAVEAT:

THIS DERIVATION ASSUME S THAT:

[ms'mman. (R=e0) = mmmﬂ.c&%if

——

CAN WE |lANORE THRE
INTERACTION BETWEEN THE SPINeR
STATE AND ITS IMAGES AT

DISTANCE ~ 277 7. P
ﬁ 8

WE Do MNoT HAVE A CoMPLETE
ANS(WER TBUT NOSTE THAT.

—
(8

GRAVITRATIONAL INT. ~ 5’: L. el

3
{ MAssEs = .

- T
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LJE HAVE IDENTIFIED THE
SOC3) SPINODR STATE (N

TYPE T AND CALCVLATED

| TS MASS

PERHAPS THERE IS A SIMPLER

DECCRIPTION OF THIS STATE
AS <oME KIND OF D-PARTICLE

N TYPE T
Be rawman & Gabhdid

WE <SHALL Now TURN TO THE

Dj- BRANE + O p- PLANE SycTEM



