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Outline

» The open bosonic string in the weakly curved background
» How to solve the bc?
» First possibility:

Treat the boundary conditions as constraints

Phys.Rev.D 83 (2011) 066014, JHEPO8 (2011) 112

» Second possibility:
Start looking for the solution right away, guessing its
appropriate form

» Exploring the second possibility
» Effective theory on the solution

» Nongeometrical background
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Action

> describing the open bosonic string
1
5= H/z d2§[Ena’BGw,(x)—i—eaﬁBW(x)} Dox"px”, (™ = —1)

given in the conformal gauge 8ap = €% nap.

> space-time equations of motion must be satisfied to have
conformaly invariant theory on the quantum level

1 g
R — ZBWJBV” =0, D,B’,, =0
» Weakly curved background
Guu(x) = const
1
Buu(x) = buy + 5 Buvpx”,

3
b,, = const, B,,, = infinitesimal const
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Equation of motion and boundary conditions

» Equation of motion ~ x* = x"* — 2B, ,x"x'P
» Boundary conditions
0 — oL

7# =0, — ox'H

=0

o=0,7

— | Gux"” — 2B x|

o=0,7

> Only the even part of 72 contributes to the boundary
condition at 0 =0

» Introducing the even and odd coordinate parts with respect to
c=20

0 g2n :
q“(0) = Z mxm g

n=0

0 O.2n+1 (2nt1)
i) n+1)p
o =D RS

o=0
» the boundary condition at ¢ = 0 becomes

72 = Gu§"” — 2bu§” — 2hu(9)d” — 2h,.(§)G"

where h,,,(x) = By, (x) — by, is infinitesimally small
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How to solve boundary condition?

> The zeroth order
> BC =G’ —2bud".
» Solution of BC and consistency condition (g*)" = (g'*)
G =2bl g, G =2bg.

» We look for the solution of the BC, in the form

" = —AL(§)d" +26L (9)q",
" = —A5(4)q" +285,(9)d".

» Al, and A}, must be odd, 8, and 35, must be even functions
» Beside satisfying BC, the solution must obey EM

du - q//,u, = _2B#I/p [C'IVC_IIP + C;Iyq/p},
§ - = -2B4,|¢"q" + 57|,

(g") = (g’*) and it must be in agreement with Oth solution.
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How to solve boundary condition?
» From the symmetry of EM and CC follows
ATV:AELVEAMV' 511/: gI/EBMV'
» Substituting ansatz into BC for 0 =0

B, =0 = [Gul-A@d + 28 ()]

— 2bud” — 2hu(q)d” — 2hm,(c_])2b”pq’p}

~ [68(q)] o=

which gives 3(q) = (G~1)"B,(q).
» The ansatz becomes
- ~\ U — H 12
g' = -A"(§)a +2[G 13((7)} Vq’ ,
= ~\ IV — By
q" =-A(4)d +2[G 1B(q)} g’

14

o=0
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Unknown coefficient A,

» Two equations from EM and consistency condition
A4 (@)a" — A(8)g" = 2h"4" — 241", (b)(bg)”
AL (§)q" — A"(§)¢” = 24| bhbg — bh'bg'|"

» Parity argument §" = ¢’*, §" = g~
> AN(G) = A(@) = A(d), AT(G) = A(E) = A(9)
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The Solution for A

wA(a) = (671 [h(q) — 12h(bq)b|

@A) = (G| - 12bh(q)b + 12bh(bq)|

pv

pv

Because the solution (1)A“,, satisfies the homogeneous part of the
second equation and the solution (2)A“V satisfies the homogeneous
part of the first equation, the complete solution for A", is of the
form

AP

v

(a) = (674" [ h(q) — 12bh(q)b — 12h(bq)b + 12bh(bq)|

pv

with the property (GA),, = —(GA),,.
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The Solution of BC

» The solution of BCat 0 =0
Xto= [k — AL ()" +2[G ' B(q)]q"”
X" = [0k — AR (§)]q" +2[G T B(q)]",¢”

» The solution of BCato =7«

+ 2[67'Bla(r — o)
(o) = |- AL G — o

+ 2[67'Bl"a(r — o)
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The Solution of BC

Note that if

q*(0) ="q"(m —0), (o) ="g"(r —0),

then the solutions for the bc in 0 and 7 coincide, and from the
relation above follows the 2m-periodicity of x*. So, if we extend
the o domain and demand 27 —periodicity of the original variable
xH(o 4 2m) = x*(0o), the relation

Xto= [ — AL ()" +2[G ' B(q)]q"”
Xt = [ — AR (§)lg"” +2[GB(q)]", 6"
solves both constraints at 0 = 0 and 0 = .

Note that the solution of the boundary condition does not depend
on one effective variable only, but on the two variables g* and G~.
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Effective theory (theory obtained on the solution of BC)

The effective Lagrangian equals

e K. e ~\ AU K e ~\ IV e ~\ AU
£ =246 (9.9)d" — 54" G (9.9)q" +2k4" B (9, §)d”,
where

G(q,5) = GE 2b§) + 4[b2A(G) — A(§)b?
o (a,d) = G (q+2bG)+4[b°A(G) — A(G) b

B (q,8) = [h(2bd) + 4bh(2b4)bl, — B, (q)GE (q)-
The expression
GE(X) = G — 4Bup(x)(G )7 By (%)

is the definition of the open string metric. In the weakly curved
background (in the leading order in B,,,) it is equal to

Gr, = &uw —4(bh+ hb),
guw = Gu —4(bGb)u = G5 (0).



Nontrivial Kalb-Ramond field of the effective nongeometric background

Effective theory

Hereafter, we will consider the action S = [ dr [7_doLe.
This will cause the disappearance of the term in the efFectlve
metric which depends on § and the term in effective Kalb-Ramond
field which depends on g

S — /z | d2§[2 163l (a) + e BT (2b3)|a s

G (q) = Gi(a)

K ~
BT (2b4) = 518 80(2b3)g]
A0 is the infinitesimal part of the non-commutativity parameter
2 pv 2 pv
wy .~ -1 -1 Y A ey | -1
o = —= (6718671 = 05" — Z[g M (h+ abhb)g ],

gus = GE,(0) and 64 = 9(0) = —2[g b6 1|
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Effective theory

» Unexpected things in the effective theory:
» the appearance of the non-trivial Kalb-Ramond field B;jff
» its dependence on the coordinate §* instead on g* (essentially
the cause of the first).
» The theory of unoriented closed string (effective theory for
constant background) does not contain Kalb-Ramond field.
» The effective Kalb-Ramond field appears in the effective action
within the term B;j’;fc']”q”’.
» If the Kalb-Ramond field depends on the Q-even variable, this
term does not contribute.
» In WCB the effective Kalb-Ramond field depends on g*
(Q-odd).
> Bﬁff(ch"]) is proportional to G~.
» The effective Kalb-Ramond field is odd under o-parity
transformation QBEff[2b€7(cr)] = —Bﬁg[2bc7(a)].
» The term Bﬁ,’;f(Zbc"y)q“q’” is Q-even, so it survives.
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Nongeometric background
The background of the effective theory depends on two variables
g and G*. The first is the even part of the initial coordinate and
the second satisfies

§'=q" §r=3q"
The variable g* appears as an argument of Bﬁf only, which is the
infinitesimal of the first order. The zeroth order equation of motion
for g* is just 0+ 0_g" = 0, with the solution

g'(o) = (o) + (o).
From d.f*(6F) = 0, one has f#(c%) = +f"(0F). Therefore,
(o) = f'"(c™) — f'*(0~), and consequently for both equations
we obtain

§'(r.0) = F(0%) — FH(o),
which means that §*(7, o) is T-dual mapping of the effective
coordinate g(T. o).
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Conclusion

» The solution of the Neumann boundary conditions on the
open string endpoints in the weakly curved background,
causes the nongeometric effective background

» This background depends both on the conventional effective
coordinate g* and on its T-dual g~

» The complete transition from the original theory to the
effective theory consists of

1. the transition from conventional to the doubled geometry

X =gt g
2. the background field transition
Guw = G (q),  Bu(x) — BT (2b3).

» The appearance of the doubled target space allowed the string
to see the effective background field B

2
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Effective backgrounds

Let us summarize the forms of the initial and the corresponding
effective backgrounds in the following table.

Original theory

Effective theory

Metric field Gy, Kalb-Ramond field B, ~Metric field G2 Kalb-Ramond field BEff
G;w buu Buv = G;w - 4bupbﬂy 0

Guv % X’ Guv 0

[ by + %B/W,,X/’ Gy — 4B/w(q)BpV(q) 7%(gA9(2bd)g),“,




