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DYNAMICS OF A D-BREANE 1N
BosonNnlC STRING THEORY IS
DESCRI BED BY OPEN BosomNlC

STRING FIELD THEORY (SFT)

ACTION OF CUBIC OPEN SFT:
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T Woten

1P) : STRING FIELD (A STATE

OF @XosST MNO. 4 IN THE FIRST
QUANTIZED THEORY)

<, 2 : BP2 I\NNER PRODUCT

* : NON-COMMUTATIVE PRoDUCT



SPECTRUM OF SFT CoNTAINS A

FIELD WITH =VE Q’lﬁrgg\l

-2 THE TACHYON FIELD

CONTECTURE: "TiILE TACHYON
POTENTIAL MAS A MINIMUM

DescriBING THE CLOCED STR (NG
VACcUUM .

AROUND TS VACUUM THE RE Aec

NO PERTURRATIVE OPEN STRING
EXCIMATIoNg

BUT THERE ARE LUMP SoluTions

DESCRIBING. (oWETR TDIME NSIONAC
D o EE‘P‘"NES p,.s._‘a'tdl.'tln-ﬂ'-s
Moz b e, Toylw
NUMEgICAL EVIDENCE |Moella, As toudd

inf CURIC SFT '
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GOAL: CONSTRUCT A STRING FiFe
THE ORY A< TI\oN WHICH

PESCRIBES THE DyYNAMICS
AROUND THE TACHYON VACUUM

l¢>: SHIFTED STRING FIEL

VARIARBL E SUCH THAT:

lg> =0 AT THE TACHYON VACw

THE ACTION S Cly>) MUST

/-(D HAVE THE USVAL W*DJMENQ-;E

G AUGE INVARIANCE

@ REELECT ABSENCE OF PRSI
OPEN STRING STATES

@ CoNTAIN LUMP SoLUTioNS

REPRELCENTING LOWER Iﬁ:mawsmﬂm.’
k\;D- BRANES

i




O

PRoPOSED ‘ACTION FOR SFT
AROUND TME TACHyoN VACUUM:
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Q: AN OPERATOR MADE PURELY oF

.

GHOST FileLDS AND SATISFYING
CERTAIN FPROPERTIES €35

N\L POTENCE TRIV/IAL CoHoMolocy ETC

(Horo w42, Morrow -Tomnes,
Gd&—gﬁg FIXING: Mahntin, Muntl.n.h.&)

-
SMPee W9 FiNTe
AN OPERATOR MADE OF GQYoST Fieg

S STRING FIELD PRoPAGATOR:

%HGST oPE RATOR x (IDENTITY) )
MATTE

EXAMPE : Q:=¢C., 8= b,+z(b,+b)

35 PRoPAGATOR :  be+d (b4 b-)
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IN ORDER ToO TEST THMIS PRoOPoSAL

we NeE D TO SHoOW THAT THIS
SFT coNTARINS ALL THE D-BrRAang

AS CLASSICAL LuMP sSoluTIioNS

STRATEAY
Q@) = Cd* g [$¢r) @ IR +-———-]]
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[® consTRUET T;E' GENERATIN
FUNCT oML OF TRACHYOoN GREEN
5[’-’UNCTION — WCT]

@ EFFECTIVE AcTION MT4]

IS LEGENDRE TRANSFORM OF W

SoLVE EQc. OF ™MoTionN DERIVE
FROM ICe)
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N- TACHYON GREENS FUNCTIoN
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CONSTRUCTED USING FEYNMAN
RULES

VERTICES : SAME AS IN
ORDINARY CUBIC SFT

PROFPAGATOR :
‘G.HGST OPERATOM X (iDENTlT:@

INSTEAD OF » b, LI



®

IN CONVENTIONAL CUBIC SFT
W E WRITE :
]

R

t 5 LENGTH OF THE STR)IP

REPRECSENTING TMHE PRoOPAGATOR

HE RE PRoPAGATOR = GXoST of

NET RESVLT:

b, —2? GXoST OPERATOR !

t = O

"

5 WE G&LUE VERTICES WITH
ZERO LENGTH PRoPAGATORS.
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(WJOR LD SHEET PICTURE oOF
N-TACHYoN aAarREENS Fun~NCTlownN,

TN CFT CANGUAGE :
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FidAL RESULT:

e

(2 iy — - ) =3
= S, exp[ ok Z b

Conty. K ,Z=
. R# 2

THIS BDETEERMINES HWCI]

Jhost o Zn Pe- Py I (2 Aﬂh% lk-il)__))

#(b) = Swed/ ST(-H)
Crtel= (42p TER) @0 - WTI)
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= STCp)l/ E@(p) = Th)
CLASSICAL EQS. ©oF M™MOTION?

Sr/8#(h) 0 > T -0

S A CLASSICAL 8oL IS &ven &Y.
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THUS NAWELY Sw/g:r(y}[ =

J=20
= %’u ({ﬂT = cf]

8. oL Do WE GET H, =#fo07

A- TYPICALLY WCTIT) HAS
BRANC H CUTS N <CoMPLEX
J(b) €SPACE.

ON A NOAN-TRIV/AL TEBRANCH:

sw/Sa:(-m'gjo > ¢, (b +¢j
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EXAMPLE : TREE C(EVEL 3
FIELD THEORY

CIN ZERO MOMENTUM secmg*-)

&[‘ﬂ = -3 WP 44 w'ﬂ

= SW/EJ',_E ) 3
(v 3 = z';(*“t'”'”
+ v /EN)
ON THE — BRANCH:

(c#=0_., W =0 AT a‘m’ﬂ

sad =aE  + BRaANcH:

m‘/ﬁ ;W= mY/6 A° AT Uhn}?
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STRATEGY(IN GENERAL)

() FIND BRANCH POINTS OF
WECT] AND 3dW/3J(z2) IN THE

CoOMPLE X J(Cb) sSPACE

@ ANALYTICALLY CONTINUE
SW/8JT(2) AROUND THEISE BRANGH

FPOINTS AND RETURN To J=-o0

NON-TRIV (AL
S GENERATES WEERy sSoLuTIloms

OF THE FE&Ss. O9F MoOTIOoN
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WE Now - RETURN To OUR
PQG R LE M.,

Sw 26, 4%¢
SI(p) nz@"}' 5o~ i
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(8("] (b, bn) = O, ex b In

+Z be: Pe. (2 Sn . IR- MB
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Q. DoES &w/éT(ph) HAVE
BRANCH PoINTS \N THE

COMPLE X T(p) SPEACE T

A. DEPENDS oON THE RATE
oOF G ROWTMH oFf C. FOR LARGEN

TMHIS IS NOT  kNDWMN



STRATEGY

() WE SHALL ASSUME THAT

SW/ ET () HAS A BRANCH PonNT

RE PRESENTING. A TRANSCATION-

ALLY INVARIANT  SoLUTION

~ THE D-25 TBREANE

@ THEN WE SHALL TRy TO
SHoWw TMHAT GIVEN THMHIS
ASSumpTION, THERE ARE Lo
LUMP SoLUTIONS REPRESENTING

LOWER D)IMENSIorvAL D-BRANES
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TRANS LATIoNALLY \INVARIANT

CoONFl GURATION :
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AND RETURNING TO Iwﬁ_m.
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3T (P | 3¢q)= wSea)

W= 0~

~ D-25 BRANE SolUTIOMN
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i E SHALCL ASEO ASSVY ™ME THAT
U 'S THE CLOSE ST SINGQULARITY

TO “THE ORI\ G IN, ©OF Fn)

2 @&q THE RADIVS O0OF CONVER(E

OF THE TAY LoR &ERIES

Ex PaANSIoN OF F(w) s 1 Ul

THUS THE BRANCH PoINT AT

U, ConNTRoLS THE RATE OF

GROWT XM OF TMHE CoEFFICENTS

€,
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NOW CONS\DER A SOUR cE of

K, 1 CoNSTANTS

(buy Bo) = (Ny+1, N) DM, VECToRS
i

" EEiE;*P“L = :agj

IN PosSiTionN SPACE J 1S

INDE PENDENT OF X, AWND IS
NLS WouLwd LikE :

[SN i [
ST (b) I Ja) = wd( K e 2 %2

sl B

= YK & 2 EXN SCP“.] F() + SCPH} ){(u]hﬁ

tgéh:tﬂrﬁrﬁgg SAME € HAS MILDER
T €(NGULARITY

Ag %: W 5“’) AT (U THEN F
CASE e
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IN  THIS CASE WE CAN
QENERAT E A NON-TRIVIAL
CLASSICAL SoluTioN BY TAKING
M AROUND WUy, AND RETURNIENG

TO THE OR\ & | IN.

.Q);I'h I“:(U\.) . f-}ba_

W=0-
DE FINE
AChy, ) = Lom  H(u, by, x)
W-=> 0 -

ASSUMPTION: K(pye,x) IS WELL-

DeE FitvE D

\

;- = Q-&"I’"n W - z
c}bu_(l’] W-> 0- ﬁTPJ l T(2) = mdq,) Hei'ﬂ‘

= Ty e-f% Pf cht’u) flbﬂ * h(#%’;;]
LUMP SotuTlID

~» CODIMENSIDN Ny



O

THE KEVY REQUIREMENT :

3T (p) J(q) = 1_{_5(?”) K © :.a“f?-;

reK e S(b,) F(w)+ sub-leadiry
-

FOR SOME CHolCem OFfF «,@3, ¥, K

ey,
—— e | — S— —— S — — .

IS T IS TRUE Y
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E- h S = Z E‘n u“: . k's 12 anuh
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THEN W E Ng E D :
,Q»Lm _E:_‘ - jj

N —= o0 ,'?zn

THE UNKNOWN COEFFICIENTS

C. DROP OUT @  THIS RATIO.
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DEFINE

= o
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Q. ARE THERE K, o, 8 ¥
SATISEYING TXHESE EQUATIONST
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MNUMER1CAL RESULTS :
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2 s B C’(_u(]-l-z“(.ﬂq )
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= A(x) N + BX) + A, (x)
Kﬁ—(.o{,’ﬁl AC Sat)

Ax), Blx), C(x) @ FIieW\TE

Al Zh () —=O A< TMN= 0

FURTMERMORE : [B(x) =0

DEMANDING v %,'_L =1 GIVES

n-» 20
[Re ce |
- = NJ_ A(PC]‘
K= & *
| 2,,,.\-"’-'_"'-7 \
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T XIS SHOWS T+:JE ExISTENCE
OF THE LuUMP sSolLuTiONnN,
UNFORTUNATELY THE PRECISE
FORM OF TMHE SoLuTloW
DEPENDS ON THE CoN TRIBUTIew
FROM THE SUuBLEADING TERMS
NoTE : DIFFERENT VALUES of
X —» DIFFERENT PATHS IN
THE CoMPLEX T(p) PLANE WHiH
CAN BE CoNTINUOUSLy DEFORMED
TO €EACH OTHER

W
» FINAL sSolyvTIloN &= L{__D

SHoULD RE INDEPENDENT

OF .



CALCVLATIoN o~ THE TE~NSIoN
OF THE LUMP SolVTIoN

PCP] = $4°°F TP PCF) - W)

AT THE CLASSICAL SolMM J=0

> Guv,_._] = - W3l

STRATEGY -

CALCV(LATE WEJ‘*MHQ "‘J
AND TAKE TMHE Ww-=20 LIMIT

AFTER GoING AROUND "W

i 2
W T » ke 2% 50k

— aki i 1 a7
:,@TF)N“-Hng\f R {—ﬁzl—bﬁ
= b e e
SC#H ED) e'h—;"“ ‘5(9(1“]

s (WORLD- VOLUME OF
THE D-BRANE
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FiNnAaL RESULT FoOorR \W:

= =0
W My Z7 L@ e (E@""}%H)
@ﬁ']Nu‘*lh=l ‘ =

TENSIoN OF THE LUMP:

@“ == CeP ]/Vn ""_' Livn WJ

II W20~

WE SHALL NOW MAKE THE
DRASTIC ASSUMPTION THAT THE
CONTRIBUTION To I FRoM THE

SUBLEADING TIRMS . (k) VANISHK

( THIS WoULULD BE THE CASFE
IF R (x) ~ @ % ForR C(ARaE

mn
e, BUT NUMERICAL ANALYSIS

SHO WS THAT R (X} ~ _71'11 FOR

SOME INTEGER o
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AETER DROPPING THE K ()

TERMS  WE aGeT:

RECALL THE NUMERICAL RESULT
Bx) = O
# @Nn-—l /jN“ = .211-. J

THIS I THE EXPECTE P

RESvLT FOR THE ™©D-BRANE.

X-INDEPENDENCE oF Ty, IS A
CONSISTENCY CHECK.



CONCWSIONISUMMAR Y

M WE PROPOSED A GENERAL

ANSATZ FOoR SET ACTION

ARODUND THE TACHYON VACUUM

@ ASSUMING THE EXISTENCE OoF
A D-225 -BRANE SocuTion AnND

SUITRABLE ANALYTICITY FPRo PERNES
WE SHOWED THE ExX\S TEWNCE
OF LUMP SoLUTIONS DF LOWER

Dive NSI1O0NS

@ WITH THE NELP 6F SLoME
FURTHE R ASSUMPT(ONS Wwe

COMPUTED THE RATIog 6F TENSIons
OF THE (LyumMPs

THE RESULT AGREBES WITH
THAT FOR. THE D-RBRANES



