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Introduction

Effective Action : | string theory

D-Brane: -

Probe (Don’t Change Background)

T-Duality :

low energy

Super Gravity

v

massive field

Higher Order Derivative

Geometry Space time

—

Theory Bosonic (D=26)

J—

v

World Volume : (along) (p) (a,b,...)

_ Transvers :
R < » (a’'/ R)
Action Invariant Bulk :

\D-Brane :

(orthogonal)(D-p) (i,j,....)
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Independent Couplings

~

All Contraction : (Close Strings) : ( R, €, vVQ,B,VB,VVB,H,VH Vo,VVg )
/ ' a'T + ~ ' S vb vwvwp
Action D-Brane (& order) : S, = —ijd "o\detG, L'(R,H,V¢,Q,B,VB,VVB)

Constraint on independent Coupling

" Parity : ( number even of B-Field)

Field Redefinition : (only Bulk Fields) -

ap
v, H*
Impose Equation of Motion : (Don’t Consider )= V#V,ﬁ

R,;  (Ricci Tensor)
R (Ricci Scalar)

J—

Rﬂ[aﬂV]

Bianchi Identity : §' S NotGaugeinv and Not Covariant

=0 —— Local frame

- 6 écd] — O - Bab zﬁap\) _6bAa
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Independent Couplings

« Total Derivative : | J — _a—q—pjd oe 'V (J7)
2 (24

—

~ A~ A~ A~ o~

 Vector ( J“): All contraction ( VB,VVB )

parity
e S—S"+J=0: solve : number relation : number Couplings—» Total derivative

Bianchi Identity

—

« Arrange independent Couplings : numberof B-Field ( L, ) === m=0,1,2,3,4
m=0_____, 11
M=1 —— 6
m=2=—— 35

m=3=——— 17

m=4 =———= 7



Independent Couplings

Ly =byH H™ +bH, H®™ +bH  HY +bH, H"” +bR,*
+h,sV VP +b,Q V46 +b, V. Vs +aQ " 0" +a,Q 0" +3a,V,B, VB

uab

~—

m=1: | L =b_B® Hyo, Q45 + bzséabHabﬂQ“CC +b,.B™H_ V%

—b,,B*V?¢V, B, +b, B V¢V B, +b35§abHabﬂV“¢

b = ac

—

m=2: L, =b,B°B"B*H, Q! +. ..

det
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59" a

+b,B,°B,"B"H "¢ +bB,B"B“H_, V"¢
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Reduction

* After Reduction (Base Space ) : | reduction Action: S =S8°+a'(S/+5,+S, +...)+(a')....

—

M@ — M @) gD

reduction Fields : ( B,G,¢,G )

—

* Constraint on Base Space " Number (m): m>0

_ Reduction Direction: | WV : Diagonal Base Space Metric
0; = 0
Tra : " 8g, #0
. Second Fundamental form : (Q*,, =0,0, X +8aX“5bXﬂFaﬂ”) o g. 0
—av | Sab
g = _
X =o0" 0 5
e Static Gauge - WV —
X' =0
B No Constraint On ga
in general Qcab =0 in static gauge if Q°, =0~ | -
Q“ ‘ ,G*G,, =5, g. =0
S Tra
Qab T 1ﬂab

— | og, #0
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Reduction Rules (Fields)

e Pull Back Metric :

(WV)

(Tra)

Metric

B-Field

Dilaton

reduction

~

Gab

7 v
_OX*# oX G

- 00? do”

reduction é
ib

G,uv :{g

—&

av

1%

uv

géﬁ + e¢gégﬁ

i

~g
e’+g%g,

]

=ab _~d
inverse  G® = o ) i
] -9’ e’+g°g,
inverse G‘aﬁzgaﬁ_ g’g’
e”+9g°0g,
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Reduction of Action

Expand D-Brane Action( Low Energy)
« S=S"+a' (ST +S; +S3+...)+(a)>...

* DBI Action (SY) :

Static Gauge

Sg =T j d"oe™ \/— det(G,, + B,, +27a'F) SS = —Tp_[d oe™ \/ —det(G,, +B,,)

Close Strings

—

- o QW _ - D dpld [ e © o
Reduction of DBI action:| WV : Sp_l_ Tp_ljd oe \/ det(g56+b55+g[~b6]+e bébﬁ)

a

—

Tra : §)' = —Té,_l.[dpae_a_w \/—4:14;3‘[(;;_'.,5(,}5 +5§5 +b.85 e 8:8;)

—

—

Not gauge inv ( U(1)xU(1) ) | Momentum Vector : g

—

Winding Vector : ba



T Duality of (

T-Duality:| (Without Correction) : g ow

a’)DBI Action

Buscher Rules gowt
—_—
-1

p—>-p,beg

o —>—-p+aVe, 555 —>5§5+0{'V5&5

Ow
(With Correction ) . Sp

—

Correction of T-Duality

—

= L[2V 9V .0+ eN "V
Ag, = Z[2W,, V' p+e’H V"]

g; ob,+a'Vg,, b,—> g, +a'Vh,

+e "WHW,, ]
Hva

ava

(/10 - 1 ) Abﬁ = 10[2V~~V‘7¢_e_¢H__W va]

W, =0,b,—0,b,,V,,

Vot

Field Strengths :

Ab,, = 2[4V, W7,

alal

;+ 2g[v ﬂ]aV“go + 2b[VVy]aV“go + e"’g[v

- 5 3,
s =0;0,-0,0;, H;; =30;b > 9 Wis —

avp [avp]

S SW; S Ot =0
Ow
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Correction DBI

* Expand DBI Action : With T-Duality Correction 1_ p ‘¢‘% . 0 l 1 1 Al
- ASy=-27T [dPoe " 4, det(AG)[, Ap+ Tr(A) AT

As =0y +by; + 0205, +€70,9;
A = Ab; +b,Ab; +9,Ag; +26°0,Ab; —e770,0;Ap

—

Reduction of Action(a’)

—

Reduction Action (WV) : Slw Buscher Rules Sle
p—l — p—l
p—>—-p.b>g 0 _ olwT lt
— AS1 _ Sp—l Sp—l

Reduction Action (Tra ) : S;t )
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T-Duality Constraint

— . aT,_ - 52
e Total Derivative = J=-— 2p1_fdp5\/—g V, (e *I%

—

all contraction( ég,ba,gﬁ,é,¢ )

—__

Constraint T-Duality: Aéé + A§10 +J =0

—

* Result a =—2 1.4 _ 1 h - % p__2
2 ! a8 2’ bl 24’ 11 6 6’ 2

— —

1
* M=0 memmmmep Parameters: Db, =7 b, =-2+2a, b,=-1+a, b,=2-a,b.=1

- —

~

~TDVector: 2= —2€¢g68596 —0"p+ (2—a1)e<”gt3c’9ﬁgé +ale(”gé§696

o U Free s Without boundary if &=2 Consistent S-Matrix [26,25]

v

-

v

with Boundary fix a,=0




Boundary Couplings

 Geometry : (Bulk + Boundary): M%) oM®

J—

a b
° 1 . 1 aT —¢ A = A . aG aG ~ .
Boundary Action : oS, = — 5 P Jp) dPre /‘g‘mzzoaLm _ Gab Pull back of Pull Back metric

ab a b
oM ¢ _ or® or

m=0 : O, = ClKabGNab

—

—

. . . _ . p
Extrinsic Curvature : KW — Vﬂnv nﬂn Vpnv

— Symmetric
H _
n“K, =0

nﬂ: Normal Vector Boundary oM ¢



Boundary Couplings

Reduction

—

—

. a
Total Derivative : J(0)= —2=

— w > —ab 1 a
wv : ok =c(K,T% +§naa ®)

Tra : 8Lt0=C1(Kébgéﬁ+e‘”négﬁaég5—ewnﬁgéaégﬁ)

r

_Te_é\/‘i?’?ﬂ[2€ gb@“gb+6 p—(2-a)e’ gb@’ g’ ale@gﬁé‘ﬁgﬁ]

eM'#)
- =0
T-Duality Constraint on Boundary : 8S;" (0)-2S, ,(0)+J(0)=0 y —
c,=2
ACtiOn(m=O) S; + aS; - p+lo-e_¢ _G [Rabab + lHﬂbcHnbc + lHﬂbaﬂHﬂbu _lHﬂ‘uVHauv + LH‘”VQHHVG
)| ! L ety g w oy v

20, ¥~V B, VB* +2V V4 -2Q° V"¢V §V"§]- P(jdpre—%/ [2K°]

uab
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T-Duality Constraint

m=1,2,3,4

5 _ 5 N 5
Constraint : Z AS; () + Z AS, (M) + Z J(m)=0
m=2 m=1 m=1

Result:| 65 Parameter
{ | “a, =-1/2,b,, =-1/16,b, =1/2-a,/4,b,, = -2, b,, = 1/16, b, = 1/4,
32 refation b =-2b, =1/96,b,, =2,b, =-1/2,b, =b, b, =-1-b,, b_=b,,
s = D3yi03 = -804 - 035, byy =-80y -0y, 0, =-1/2+2a,,b,5=-1/4 +a,,
28 = -2, b49 =1/2 - CYY bso =0, b51 =-2, b55 = '2b24 + b41’ b56 = b23 + 16b25’
b57 =-a, Tt b23’ b58 = b24 t 16b26’ bsg = 'b23 - 4b24’ b6 =-1/4 + a6/8’
by, =-2a, +b,,, b, =-b,, b, =-1/2+b,, b, =2-4b,

o O




DBl Factor

* Comparison Couplings | 1 56
P PING Lz(bzz’a4'b49'a12’b44’b46):ZBgﬁB bLO(bll’al’b47’a ’b421a45)

1 56
LS(b32’b34’b40’b58’b38’b60) — Z BgBB bLl(bZY , b28’b36’b50’b35’b51)

I

* Extra Factor: BéBBéB L2 (b14’b10;b31b15;a-71b22;a4;b491a12;b441b46) — \/det(1+éabébc) LO

—

L (B Bss, Dy g, g D) = /dlet(L+ GB,,) L

~—

- a'lT . — 2
All Contraction with Factor BﬁgB“b .S, =_ij‘dp 'o\detG,, > L,

m=0

_ _ , a'l,
Expand DBI factor \/—det(Gab +B,) : S,=- 5

'[M[p—lj dpﬂo-e_é\f_ det(éﬁb T gnb )i Lm

m=0



Correction Propagators

* S-Matrix Consistent : ( a, =2) [26] ? (a,=0)

N
14

1 abc a al 5 = a/pbc = hc
L :(g—%)HabcH 4 alQ,", Q" — 20, QO +(—1+%)vé(8bc+ £ V3 (B™ + F™)

+(2-a)V, #V9p-(2-a)Q°  Vip—-(1-a)V #V'¢

* Extra Contact term (Channel s)(S = —k%k, )

J—

- |J

i (GX) _In”
Propagators (Without Correction )(@q, =2 ) | Gauge Fields === TS
) b i77ab
AAyab
Transvers Scalar Fields === (G™)" = TS
i i [ - XX i in’ in' in’
Propagators (With Correction) (a, =0) Gauge Fields m— (G"")" = — = +a —+...
o Tp (1-a's) Tp Tp
—
= ab s oab = ab
pyan _ T ip™ i
Transvers Scalar Fields = (G™) _Tp(l—a's)_ T, Ta T

~—

+...



Correction Propagators

J—

* Contact term

2 Dilaton
2 B-field

—

L, (a, =0) + Contact term = L,(a,=2)

Consistent S-Matrix E

lement 1
—




Conclusion

* Action D-Brane, m=0 (fix 10 Coupling +a, free) with boundary

m > 1,2,3,4 (67 Coupling + 32 Relation )

J—

* Special Background :( SFF ) Diagonal Metric
— 09;#0

gg:O

—

Future works

—

Find ActionForm>4 — Fix some Couplings m<4

Find Covariant Form (Without Use Static Gauge) —» (Background Arbitrary)

Check Propagators Receive a'2 -Corrections —, ( Superstring theory)

—
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