BOUND STATE SOLUTIONS FOR
CHARGED MACROSCOPIC STRINGS

Dissertation submitted by
. Shivangi Prasad

Supervisor : Dr. K.L. Panigrahi

In partial fulfillment of the

MSc(5yr) degree in Physics

Department of Physics and Meteorology

Indian Institute of Technology Kharagpur 721 302, India

May, 2011



Acknowledgement

I sincerely thank Prof. K.L Panigrahi for providing me the opportunity to
learn this topic and for the constant motivation and guidance he provided
throughout the study. His guidance helped me in all the time of project
and writing of this report. I would also like to thank my friends for their
encouragement and insightful comments. Last but not the least, I would
like to thank my family, especially my brother Rituraj for constant moral
support.

Date Shivangi Prasad



Certificate

This is to certify that the report on Bound state solutions for charged macro-
scopic strings submitted by Shivangi Prasad (07PH2004), is in partial fulfill-
ment of the requirements for the degree of Master of Sciences, Physics. It is
a bonafide record of the work done by her in the Department of Physics and
Meteorology, Indian Institute of Technology, Kharagpur, under my supervi-
sion and guidance.

Prof. K.L. Panigrahi
Professor, Department of Physics and Meteorology
Indian Institute of Technology, Kharagpur



Contents

1

Introduction 6
1.1 String Dualities . . . . . . . . ... Lo 6
1.2 Superstring Theories . . . . . . . .. .. ... L. 7
1.3 D Branes . . .. . .. .. 7
1.4 Charge associated with strings . . . . . .. .. ... ... ... 7
1.5 D Brane Charges . . . . . .. .. .. .. .. ... ... ... 8
Charged Macroscopic Strings 9
21 a=-—fsolutions . ... ... ... 9
2.1.1  Generalization of D0-D2 bound states . . . . . . . . .. 9
2.1.2  Generalization of D1- D3 bound state solution . . . . . 12
2.1.3 Mass Charge Relationship . . . . ... ... ... ... 12
22 «a=fsolutions . ... ... ... 14
2.2.1 Generalization of (DO - D2) bound states . . . . . . .. 15
2.2.2  Generalization of (D1-D3) bound states . . . . . . . .. 18
2.2.3 Mass Charge Relationship . . . . ... ... ... ... 19
Killing Equations 21
3.1 Supersymmetry of § =0 solution . . . ... ... ... ... .. 21
3.2 Supersymmetry of « = —f # 0 solutions . . . . . . . ... .. 23
3.3 Supersymmetry conditions for D1-D3 bound state solution for
charged macroscopic strings fora=—-g. . . .. ... .. ... 25
Appendix 28
4.1 T-duality map from type ITA to IIB theory . . . . ... ... 28
4.2  T-duality map from type IIB to ITA theory . . . . . . . .. .. 29
4.3 Kaluza Klein compactification mechanism . . . . .. ... .. 30



Abstract

This report attempts to consolidate everything I have learnt so far about
string theory. It starts with the motivation behind string theory in section
1, followed by a brief description of certain terms that one comes across.
In the next section, the BPS condition for charged macroscopic strings for
the case @« = —/f has been rederived. We go on to find the mass charge
relationship, hence showing the BPS nature of the solution for the case o = 3.
In Section 3, we have investigated the supersymmetry conditions using the
Killing equation.



1 Introduction

The ultimate goal of mankind has always been to find a single unified theory,
starting with the unification of electricity and magnetism to the theory of gen-
eral relativity (special relativity and gravity) and further followed by the uni-
fication of special relativity and quantum mechanics(quantum field theory).
The next challenge posed before the mankind is the unification of quantum
mechanics and general relativity.But the standard procedures of quantization
of fields do not work when applied to gravity, non-renormalizability being
one of the issues in this regard.String theory stands as a strong candidate
in answering this challenge.It was eventually realized that if the relativis-
tic closed strings are quantized, massless states emerge which can be gravi-
tons.[zweibach13]. Although, this theory cannot be experimentally tested in
the near future because the present day accelerators are incapable of resolv-
ing a length of the order of 10733c¢m. size of strings, it has been successful in
resolving few difficulties.

String theory assumes that the elementary particles are one dimensional ex-
tended objects-strings, instead of being point like. the different vibrational
modes of these strings being identified as different particles. The dynamics of
strings is governed by Nambu Goto action given by:

! / dr dov/—h (1)

2mal’

Sne = —

which is written analogous to the action that governs the EOM of point
like particles. String theory is itself divided into several different theories-
bosonic, supertring, type la, type Ib, type Ila, type IIb, heterotic string
theory.However one theory can be transformed into other by making use of
two duality transformation.

1.1 String Dualities

1) T-duality (Target Space Duality):

Maps weak coupling region of one theory to the weak coupling region of
another theory.

Bosonic string theory compactified on radius ‘7" and ‘1/r" are equivalent.
Type Ila string theory compactified on a circle of radius ‘r’ is dual to type

IIb theory compactified on a circle of radius ‘1/7".
2) S-duality (Self Duality):



A theory with coupling constant ‘g’ is S-dual to some other theory with
coupling constant ‘1/¢’

There is third kind of duality known as U-duality which is a combination
of T duality and S-duality . It relates small volume limit of some theory to
large coupling limit of some other theory.

1.2 Superstring Theories

The five consistent superstring theories are:

1)The type I string has one supersymmetry in the ten-dimensional sense
(16 supercharges). This theory is special in the sense that it is based on un-
oriented open and closed strings, while the rest are based on oriented closed
strings.
2)The type 11 string theories have two supersymmetries in the ten-dimensional
sense (32 supercharges). There are actually two kinds of type II strings called
type ITA and type IIB. They differ mainly in the fact that the IIA theory is
non-chiral (parity conserving) while the IIB theory is chiral (parity violat-
ing).
3)The heterotic string theories are based on a peculiar hybrid of a type I
superstring and a bosonic string.

1.3 D Branes

The string end points are attached to some physical objects. These objects
are what we call as D-branes, where the letter D stand for ‘Dirichlet’.The
name itself suggests that a set of Dirichlet boundary conditions have to be
specified by the string end points. These objects are characterized by their
dimensionality, more precisely, by the number of spatial dimensions that they
have.In general, a Dp brane is an object with p-spatial dimensions.[5]

1.4 Charge associated with strings

As we know that a particle when couples to a Maxwell field(A4,), carries
electric charge. Similarly, strings when couple to a different kind of field,
known as the Kalb-Ramond field (B, ), carries charge. The complete action



for both the system are as follows:

0

1
S = —m/ ds+/ A, (z) dz™) _ﬁ/ dPz F,, F" (2)
P P

Similarly,

oxiox? 1
or 0Jo  6k?

where, F,,, and H,,, are the field strengths for Maxwell field and Kalb Ra-
mond field respectively. In both the above equations first term is the parti-
cle/string action, second term is the action due to interaction and last term
is the action due to field.

dPx H,,,H"" (3)

S = Setr — %/ drdoB,,(X(70))

1.5 D Brane Charges

A point particle, having one dimensional world line, is coupled to one index
massless gauge field and a string having 2 dimensional world sheets is coupled
to a two index antisymmetric, massless Kalb Ramond gauge field. Similarly,
a D(p) Brane having (p+1) dimensional world volume is electrically coupled
to (p+1) dimensional RR fields. However, this is true only for type IIA and
type IIB closed superstring theories. In Bosonic closed string theory, the D
branes are not charged. bart

[TA: Ay(DO), A,,,(D2) (4)
[IB : Ay (D1), Ao (D3)



2 Charged Macroscopic Strings

We start with the Charged Macroscopic string solution given in [1] with
D =9 and restrict ourselves to specific value of parameters o and

2.1 o = —f solutions
The metric in ten dimensions for « = —f is given by :
1+CC%5,LQQ C coshasinha 0
+5 o (1+%g
g = C coshasinha [1_%] (5)
o (1+5) 1+5) 0
1
! R e
and the antisymmetric NS-NS B,,,
Csinha
B = 0 0 —&=0 (6)
Csinha  Ccosho 0
(ro+e)  (r+0)
and the dilaton is given by:
C
(10 _ _ el
¢ = —In <1 + T5) (7)

2.1.1 Generalization of D0-D2 bound states

A D-string in 10 dimensions is obtained from the above solution by appli-
cation of S-Duality. The metric, antisymmetric B, and dilaton is given



1 - %sinh?a
T

dS? = ——— 2 ———(dt)* +
1+ 4
205 smhacosha 9
dt + ————

\/1+T5

B = By, BY = By

¢1()10) " 95
T

Next step is to apply rotation in (z

1 - %sinh?a
T

1+ S

1+ 7% cosh? asin® ¢

V1t E

2 05 sinh a cosh asin ¢

ds* = —

dzsdt —
1+ £
7
C 7
I+ T_5 Z(dl‘ )27
i=1
C
Béf) = i cosh « cos ¢
éf) BN cosh assin ¢
@___¢ .
ng = _C+r5 sinh o

\/1+T5

9

(dt)? +

(dz®)? +

1+ r% cosh? a

1+ 4

(dz”)? +

o1 S,

(8)

— 2%) plane by an angle ¢. So, we get,

1+ 7% cosh? a cos? ¢

1+ 4

2£ sinh v cosh a cos ¢
T

V1t 5§

2¢ 5 cosh a? sin ¢ cos ¢

1+ &

(dz”)? +

di¥dt —

di¥dz® +

10



The above metric is T dualized along 7° direction. and one obtains the

following metric, NS-NS B, , 1-form and 3-form fields of type ITA theory.

/1. ¢
1+ £(1 — cosh? asin? 1+ 5
dS2 _ — 7‘5( gb) dt2 _'_ = 5 5 (d.’i‘g)Q +
/14 %(1+ % cosh® avcos? ¢) 1+ .5 cosh”avcos® ¢

1 + cosh?a (@) r%sinhacoshasimb Ui
/14 S%(1+ % cosh? o cos? ¢) 1+ £ (1 + £ cosh® acos? ¢)
7
/ c i\2
~ Csingcosha ~ Csinha
ooy 5 (P +C)
B %sinhacoshacosgb 3 _%singbcosgbcoshQOz
o 1+Tg5c:osh20zcos?gz§7 98_1+%C08h20z(3082¢’
1+ £)3/2
oot — (1 H55)3/2) (10)

1+ r% cosh? o cos? ¢

11



2.1.2 Generalization of D1- D3 bound state solution

We obtain a generalization of D1-D3 bound solution by T- dualizing the
above generalized bound state solution along x-.
V1+5

1+ 501 - cosh? asin? ¢)

ds? = — dt* + (di”)? +
C 2
/14 S(1+ 5 cosh? avcos? ¢) 14 75 cosh” avcos® ¢
1 h? 1
+ cosh™ « (di®)? + (da™)? —
/14 S(1+ £ cosh? acos? §) V1t S
c - . 6
~ sinh a cosh asin C ,
- ¢ dtdi® + ([1+ =) (da')?,
/14 S(1+ 5 cosh? acos? ¢) U
4O C'sin ¢ cosh « @2 Csinha
Tty 0 B (rt+C)
40 (& coshacos ¢) 1+ 4
987 21+ %) 1+ 5 cosh? a cos? ¢
B _ 7% sinh o cosh « cos ¢ B % sin ¢ cos ¢ cosh? o
% 1+Tg4c:osh20zcos?gz§7 98_1+%cosh2a0052¢’
14+ <&
ef = o (11)

1+ r% cosh? av cos? ¢

2.1.3 Mass Charge Relationship

The D1 and D3 charge densities carried by the above bound state solution
are given by:

Q1 4C cosh ar sin ¢,
Q- —4C cosh a cos ¢,
Qs —4C' sinh a cosh o cos ¢,
P —4C'sinh o cosh arsin ¢ (12)

where, 1, Q2,3 and P are the charge associated with A%), AW Bg, and

9t87’

G,z respectively. In order to find the ADM mass density, the deformation of

12



the Einstein’s metric above flat background.

C 3 1
— | _= - h2 2
hr7 = ( 1 + 4cos Q. COS <;5)

C 2 3 2 2 3
hgg = I (cosh a—zcosh acos” ¢ — —

4
c /1 3
hss = —(———cosh2acosz¢)

r*\4 4
c/1 1
h” = ﬁ (Z + Z COSh2 (6% COS2 ¢)

The mass density is calculated using the following equation

9— —
m:/ini [zﬁ (0;hi; — Dihyj;) Zahaa] G Y)
1= J]=

which is given as
my g = 4C cosh? o

Therefore, we get
miy= Qi+ Q3+ Q5+ P’
showing the BPS nature of the D1-D3 bound state solution.

13
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(14)

(15)
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2.2 « = [ solutions

In this section, we start with the charged macroscopic string solution given
in [1] and investigate the particular solution (o« = ). To obtain the solution
in ten dimension, one has to start with the nine dimensional solution(D = 9)
and decompactify it using the Kaluza Klein compactification.[1] For this case
the ten-dimensional backgrounds is given as[2]:

Gy 0 (17)
b 0 Ggs+b*/g

where, the modulus field g is given as:

1+5

i 0 b
0

g = 18
g 1+ C cosh® a/75 (18)
and b as O sinh
~ sinh a
b= 19
5 + C cosh? (19)
and the metric component Gy and Ggg as
1
Gy=—— 20
" 1+ 7% cosh? o (20)
1
Ggs = @ (21)
The components of the gauge field are
~ ~ C'sinh o
Al =0, Ag=——+ 22
t ) 8 2(7,5 + C) ( )
~ —C'sinhacosha -
A% = JAZ=0 23
b2(r5 + Ceosh?a)’ " ® (23)
and dilaton is given by the expression :
C cosh®
600 = —In(1 4+ — L% (24)
r
The antisymmetric tensor B, is represented as:
o 0 —sinh o cosh « 0
5 sinh « cosh « 0 —cosha (25)
r5 + C cosh” a 0 cosh o 0

14



2.2.1 Generalization of (DO - D2) bound states

Using the delocalized elementary string given in section 2.1, a delocalized
D-string in D = 10 can be generated by an application of S-duality trans-
formation The metric, antisymmetric 2-form (B,,) and the dilaton for the
delocalized D-string solution are given by:

1 + & 2< ginh o
ds? = ——(dt)2 + —rs(d S R —— 2’

/ 2 / 2 / 24
1 4 C corssh « 1 4 C C(;‘S5h a _'_ C C(;‘S5h

C’smh2 2 7
C cosh” o 4
14 — 5 E (d;z:z)2

/ C COSh a

(26)
C .
—-=sinh a cosh «
Bé?) = Bgt = ro Ceosh’a h2 )
1 + COS
@ T cosha
Bg,' = Bg = 71 N CCOTS5h2(1”
C cosh? a
[T
et =1 (27)
The next step is rotation in (2% — 2°) plane by an angle ¢
x? cos¢ —sin ¢ 7°
[ 28 } N [sinqﬁ cos ¢ | 38 (28)
So, we get
dz® = dz’ cos ¢ — dz” sin o (29)
da® = dz’ sin o+ dz” cos o (30)
Thus in the rotated configuration,
Ggg = Gog cos® ¢ + Gsg sin? ¢ + Gog cos ¢ sin ¢ (31)
Gss = Ggg cos” ¢ + Gog sin® ¢ — Gog cos ¢ sin ¢ (32)
2 1 a2
Gos = —Glgg cos P sin ¢ + Glgg cos ¢ sin ¢ + Gog Cos” ¢ —sin ¢ (33)

2

15



Thus,
1+ & (cos ¢ + sinh asin 0)?

égg = (34)
1+ Ccosh2
~ 1+C (sin ¢ — sinh v cos ¢
Ggg = ) (35)
/1 4 Ceosh®o C’Cosh2
- 2% (cos ¢ + sinh asin ¢) (sin ¢ — sinh « cos @)
Gog = — ” (36)
/1 14 CC(:"S5h
& sinh a(cos® ¢ — sin® @)
/ 14 Cct;s5h2 a
and the antisymmetric 2-form (B, ) after rotation is given as:
By, = Bg; cos ¢ + Bg;sin ¢ (37)
C cosh a(sin ¢ — sinh a cos ¢)
B 75 4+ C cosh® a
B&E = _BQt sin (b + Bgt COS (b (38)
_ Ccosh afcos ¢ + sinh asin ¢)
B 75 + C cosh® a
The rotated metric looks like this :
gt — 1 (d1)? — 2¢ (cos ¢ + sinh a sin @) (sin ¢ — sinh « cos ¢) -
/1 + C’cosh2 /1 + C’cosh2
1+ 7% (cos ¢ + sinh asin (;5)2 (d7°)? + 1+ r% (sin ¢ — sinh « cos <;5)2 (d7%)?
/1+Ccosh o /1+Ccosh o
C cosh? o ;
Lt ——— > (dat)? (39)

i=1

16



Next, we apply T-duality along x5 using the prescription given in [4]:

1
G = = 40
9 =2 (40
1+ Ccis5h2a
= GS()Q) = C . . 2
1 + 75 (cos ¢ + sinh a sin ¢)
o~ GuG
Gég) = Ggg 9§ % (41)
Gog
14 Cct;s5h2a
= Gé(SS) = C . . 2
1+ -5 (cos ¢ + sinh asin ¢)
a ~ 32
Gl = Goo + =2 (42)
99
a 1
14+ CcosShQa
The metric is :
2
1 14 CC(;Sh a
ds®> = — (dt)? + - i ~(dz°)?
1 + Ceosh’a 1+ -5 (cos ¢ + sinh asin ¢)
14+ C cosh?
+ C '7“5 . 2 (dz®)?
1 + 5 (cos ¢ + sinh arsin ¢)
C cosh? @ o ,
1+ ——— > (da')? (43)
i=1
A = By, (44)
o Ccosha(sin ¢ — sinh acos ¢)
= A§ ) =

r5 + (' cosh? a

17



(45)

C cosh a(cos ¢ + sinh asin ¢)
75 4 C cosh’® a
a G~98
99
) 5 (cos ¢ + sinh asin ¢) (sin ¢ — sinh v cos ¢)

= BY =
98 14+ r% (cos ¢ + sinh asin cb)z

= As()iza =

The dilaton is given as:

= — 47
G (47)
(1+8):
1+ £ (cos ¢ + sinh asin b)?

= 20 —

2.2.2 Generalization of (D1-D3) bound states

A generalization of D1 — D3 is obtained by applying T-duality along z;on
the generalized D0 — D2 solutions. The metric is given as:

2
1 14 Ccosh
ds? = - (dt)? + —— (d®)?
/14 Ccosh2 1+ -7 (cos ¢ + smhasm o)
/1 4 Ccosh2 1
(dx8)2 + —(de‘7)2

+
1+ & (cos¢ + smhasm 0)? 1 4 Ceosh®a

C cosh? o o N2
1+ D _(da) (48)

i=1

18



Ap = A® (49)

& cosh a(sin ¢ — sinh av cos ¢)

= A =
m 14+ % cosh? o
]' a a
A9t87 = A9t8 - §A§ )ngg) (50)

= Agsr =

& cosh a(sin ¢ sinh a + cos ¢) . & (sin ¢ — sinh « cos @)
1+ & cosh® o 1+5 (cos ¢ + sinh o sin @)
By = Byy (51)
£ (cos ¢ + sinh a sin ¢) (sin ¢ — sinh « cos ¢)
1+ & (cos ¢ + sinh asin b)?

:>ngz

The dilaton is given as:

-

2 = —
Grr
(1+5)

1+ & (cos ¢ + sinh a sin o)’

(52)

= ¥ =

2.2.3 Mass Charge Relationship

The next step is to verify the BPS condition to establish the 1/2 supersym-
metry of the bound state. All the non-zero charge arise from the fields that
have temporal part, i.e., in the above case charges will be given by A7 and

Agisy -
Q1 = 4C cosh a(sin ¢ — sinh « cos ¢) (53)
()2 = 4C cosh a(cos ¢ + sinh asin ¢) (54)
(55)

The deformation of the Einstein metric above flat background is computed
to find the ADM mass density

C 1 1
her = = <—1 ~3 cosh? a + Z<COS ¢ + sin ¢ sinh a)2) (56)

19



1 1
hsg = 24 <— cosh? ¢ — — — §(COS¢ + sin ¢ sinh 04)2) (57)
r

2 4 4
C /1 9 1 3 . . 2
hgg = o (5 cosh” o — 1 Z(COS¢ + sin ¢ sinh ) ) (58)
C 1 9 1 . . 2
hij = I -1+ 2 cosh” a + Z(COSGb + sin ¢sinh a)” | 9 (59)

The mass density of bound state is calculated using ADM mass formula
given in (14)
m13) = 4C cosh® a (60)

We therefore have,
m%l,?;) = Q% + Q% (61)
showing the BPS nature of the bound state.

20



3 Killing Equations

In this section we have studied killing equations for strings in ten dimensions
and verified that the solutions are consistent with 1/2 supersymetry. Later,
we have also shown the supersymmetry condition for D1-D3 bound states of
charged macroscopic strings for the cases a = —f. The spinor Killing equa-
tion for NS-NS fields, results from the supersymmetry variations in string
metric [2]:

1 o 1o
0y = Oun + ZW%NFMNH — gHAAJJNPMNﬁ* (62)
1
oN = (O )M — EHMNPVMNPTI, (63)

where 1))/ is the ten dimensional gravitino, A is the dilatino and n = (e, +teg)
are the supersymmetry parameters. M, N are the general coordinate indices
from 0 to 9 and M,N are the Lorentz indices. The first equation is sep-
arated into two equations. The indices (9,0, 8) are denoted by p and the
corresponding lorentz indices by fi. The coordinates transverse to the string
(i.e. 0 to 7) are represented by m’s and the lorentz indices by m The ten di-
mensional Lorentzian metric is of the form 7y, = diag(1,—1,1, ...., 1) which
implies, ny; = diag(1,—1,1) and 95, = 6ms. Since the background depends
only on the transverse coordinates (here, m’s) , the gravitino supersymmetry
variation (3) can be written as:

L 1o
S = O + Zwﬂn”rgaﬁ - gHﬁfFﬂﬂ) ; (64)
1 om 1 om *
S §wu Lomn — EH“ Lomn (65)

3.1 Supersymmetry of g = 0 solution

The ten dimensional solution [2]for this case is given as :

1 sinh? 2(e=F — 1)
ds® = —df? + (da2®)? 2 dt + da®)?
’ cosh? ge P — sinh? %( T de)) + cosh? Se P — sinh? %( + )
3 h —-FE _ 1 7 '
Sin OZ(G ) d{L‘g(dt + d{L‘8) + Z(dl‘l)z + (dl‘g)Q (66)

2a,-E _ ginph% 2
cosh 7€ sinh 5 —

21



The antisymmetric B is given as :

)

cosh” 2(eF — 1)
2

cosh? %e*E — sinh” §

The dilaton is given as:

o1 = —in (cosh2 %e’E — sinh? %)

(69)

For algebraic simplicity, the metric G and the antisymmetric tensor B are

written in the form of 3 X 3 matrices.

1 b
g—(z;T G+zsz;t)

In the above matrices,

b=
cosh? %e*E — sinh? 5
sinh® 2(e=F — 1)
a =
cosh? %e*E — sinh? 5
sinh « (e f —1)

- )
2 cosh? Se E _ sinh 5

22
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and b = b(1,1) is 2-dimensional row vector. The vielbien is calculated

using the equation
EnET =g (77)

e (3 3) (78)

The vielbien £ is given by:

and

()

The spin connection matrix wh? = L(ETGTE,, — EL.GTIE) [2] in the
L.H.S of killing equation is given by:

bom b

0 ’ —
9—a 9—a

bm g,m

BT (80)

b,m gm
= 0

9—a g

And H" = (E"G™'B,,,G™' E) [2]is given by matrix

0 bim _bm
bm 0 g 7
— 0 —Sr T En (81)
bm_ dm B 0
g—a g m

From the equation no. (3)(81) 1/2 supersymmetry condition is found as:

(6%
(€L — LER) = —[F()g -+ tanh §€E/2(F90 — Fgg)](€L + L€R) (82)

3.2 Supersymmetry of a = —f # 0 solutions

The metric in ten dimensions for « = —f is given by :
1+ Ceosh?a i

5 C coshasinha 0
1+5 o (1+%)
Csinh?

g = C coshasinho [1- 31:5 “] 0 (83)

1+ 5) (1+5)

0 0 !

1+%)

23



_ Csinha

0 0 gerg)
B = 0 0 - (r%(fc? (84)
Csinha  Ccosha 0
(r°+c) (r°+c)

Again, using the same procedure we write down the metric in the following

form for algebraic simplicity
G 0
G = < ) (85)

0 g
In the above matrix,

(86)

where,
1

[ =

and E is given by;
. kL _[w
E=( Vi T9th —yo (88)
0 Vg —1

Now, the matrix H is calculated using the expression given in [2]

0 0 ___sinha
o O |1 < Gss VGt
petiall 00 R )
(]- + r_5) stnha ___cosha 0

Gss VGt VGiiGss
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From the dilatino variation equation, we arrive at the 1/2 supersymmetry
condition.

cosh . 1+ 7%
os T sinh «

e —tep) = | ——T" ™ T
( L R) ' sinh? 1 Csinh?2q = 98
1 _ Sin (07 —_ 75
rd r

3.3 Supersymmetry conditions for D1-D3 bound state
solution for charged macroscopic strings for a = —f

(e +ter) (90)

The following is the D1-D3 bound state solution for the case @« = —f

/ c
1+ £(1 — cosh? asin? 1“‘74
7"4( (b) dt2 + (de)Q +

ds? = — — .
1+ 91+ & cosh? acos? ¢) 1+ 75 cosh™acos? ¢

1+ cosh? o 1

\/ 1+ S(1+ 5 cosh® acos? ¢) /1

+
C C 6 ‘
dtdi® + ([1+ =) (da')?,
) T

(di®)? + (dzT)? —

~ sinh v cosh asin ¢
;

/14 S(1+ % cosh? acos?

AD — w . Csinha
rt+C ©o(rt+0)
@ (& coshacos ¢) [ 1+5 ]
587 21+ 9) 1+ & cosh® avcos? ¢
B — % sinh « cosh « cos ¢ - % sin ¢ cos ¢ cosh®
o 14+ % cosh® acos? ¢’ R % cosh® a cos? ¢’
A0 L+ 4 (91)

1+ % cosh? av cos? ¢

gz(%é) (92)

) (93)

In the above matrix,

2 Y

Loy
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where,

1+ %
g =
1+ 5(1+ 4 cosh® acos? ¢)
J— 7% cosh? asin? ¢
W14 %(1 + %COShQOzCOSQ o)
- %SinhQQ

/14 S(1+ 4 cosh? acos? ¢)

Using En€7T = G, we get the vielbien as;
_ (V9 0
&= ( 0 B (94)

and E is given by;

E IE . (95)
— 95
%Jﬁ% Vmﬁa+g+l

The supersymmetry variation of dilatino and gravitini fields of type I1IB
supergravity in ten dimensions , in string frame is given by []:

1 1., 1 1 L
6Xe = (0706 F 5T Hyp)ex + 5 (DM FY + ST E Jer (96)

1 1 i
(51/12: = |:8ﬂ + Z<w“&5 F §Hud13)rab €+ +

1 1 1
§€¢> [$FAF§1) o _FAupF(?’) T _F)\upaﬁp(i’))

3! Avp 2.5 Avpaf FH€$ (97>

where, H,,, is the field strength associated with the NS-NS B,,,, F},,, and
Fyypap are the strengths associated with 2-form and 4-form A’s respectively.

Flup = 8[uAvp] (98)
Hywp = OBy
Fyvpap = OpnAvpag)
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, [7% sin ¢ cosh a] (99)

1+ 5
0, (%) sin ¢ cosh «
1+ 45

£ sinh o
P

1+ 5
-0, (r%) sinh «
1+ 5

Frg, = 0O, (100)

Hyy = 0, (101)

% sinh o cosh « cos ¢

1+ %CoshQOzcongb]

9, (& sinh o cosh v cos @)
(14 & cosh® a cos? ¢)?

Hgg, = ar (102)

T% sin ¢ cos ¢ cosh? a
1+ 7% cosh? a cos? ¢
9,(& sin ¢ cos ¢ cosh® o)

(14 4 cosh® a cos? ¢)?

Using the dilatino variation equation we calculate the supersymmetry con-
dition for the string

IMeL + L+ (I sinh « cosh o cos ¢
—I"e
* 20+ 5 cosh? avcos? ¢)(1 — g cosh? av cos? ¢)
1
+T7%® sin ¢ cos ¢ cosh? a)ex + "™ sin ¢ cosh o —
peosd Jex 2(1 — & cosh® o cos? ng)( ¢
"™ sinh a)ex = 0 (103)
From the above, we get the following conditions.
e, =0 (104)
(1 —T®singcotha)er =0 (105)
I'" cosh
€L = cosna (Ising — I'® tanh ) e (106)

2(1 — & cosh® a cos? ¢)

27



4 Appendix

4.1 T-duality map from type IIA to IIB theory

o, _
Gii
(a)
Ty = D
o Gii‘
1
Jiz =
Gii‘
(b) Gip
)
(2) (1) A; Gy
Ao =T

Gx'" B( ~)
b) a fz M rvx
B(I/ — B(I/) + G,_,_

G3,G3, — B B

w Ty

T = G o

pvg

chfc

5@ 40
AD — A® 94, BYW 4 o GanBus A

ng QT

a) 4(1 - (3)
AW 4B _§ GiuBl(/p A(i) 4 GruAvpi>

(a) _
nvpx nrp 2 (AMBup Gi‘i‘ Gii

where 7 is the Killing coordinate which is T-dualized and p, v, p # Z. [4]
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4.2 T-duality map from type 1IB to ITA theory

€2¢a — i(bb
Jii“
1

Gz = —

Jii“
@ _ _Jou
T ini
BY)
Gy = ——2
in

H Ty Zp
A2 I,z
3) _ 42 Tp v
Aspy = Ay +2 —
(b) T -
(a) (b) Ep TYE
BW = Bw/ + 2 7

JeuJz — B BY)

G/»‘“’ = JP“/ — Ji'j} 7 2
BY AL
@ _ 4@ 3 4@ pe) _ p®) 4@ _ Pt Jer
D, = A+ <A@H£gp BUIAR) — 4=

where 7 is the Killing coordinate which is T-dualized and p, v, p # Z. [4]
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4.3 Kaluza Klein compactification mechanism

_ (10
Gap = G[a-{-(D—l),b—i—(D—l)}

(10)
B B[aJr(D 1),b+(D-1)]

1
(@) _ * vab~(10)
Ay = 3G Gl p-1)u

1
(a+(10—-D)) __ + p(10) . (b)
A = 3 Blaro-1 ~ Bavdy
_ ~(10) _ ~(10) (10) ab
G =G’ = Glay0-1)u Gl (0-1mC

B;w — B;(i/O) . 4BabA£a)A( . 2(A(a A (a+(10-D)) _ A(Va)ALa+(1O—D)))

o = d(10 lndetG

Where,1§a,b§10—Dand0§u,y§(D—1) 1]
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