Type | from type IIB superstring theory via
boundary conditions

Bojan Nikoli¢ and Branislav Sazdovic¢

Institute of Physics, Belgrade, Serbia

GST2018, 07.-09. September 2018, Zlatibor, Serbia

Bojan Nikoli¢ Type | from type |IB superstring theory via boundary conditions



Outline of the talk

@ Superstrings
9 Model and boundary condition
9 Solution of boundary conditions

6 Concluding remarks

Bojan Nikoli¢ Type | from type |IB superstring theory via boundary conditions



Superstrings

Basic facts

@ Strings are object with one spatial dimension. During
motion string sweeps a two dimensional surface called
world sheet, parametrized by timelike parameter + and
spacelike one o € [0, 7]. There are open and closed
strings.

@ Demanding presence of fermions in theory, we obtain
superstring theory.

@ There are five consistent superstring theories.

@ Three approaches to superstring theory: NSR
(Neveu-Schwarz-Ramond) (world sheet supersymmetry),
GS (Green-Schwarz) (space-time supersymmetry) and
pure spinor formalism (N. Berkovits, hep-th/0001035).
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Superstrings

Superstring theories

Q Typel
@ Unoriented open and closed strings, N = 1 supersymmetry,
gauge symmetry group SO(32).
Q Type llIA
@ Closed oriented and open strings, N = 2 supersymmetry,
nonchiral.

© Type lIB
@ Closed oriented and open strings, N = 2 supersymmetry,
chiral.
© Two heterotic theories

@ Closed oriented strings, N = 1 supersymmetry, symmetry
group either SO(32) or Eg x Eg.
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Model and boundary condition

Type |IB superstring theory

@ We use the action of type |IB superstring theory in pure spinor
formulation up to the quadratic terms (without ghost terms)

S= KJ/ dzf&rx"l_lﬂwa,x”
>

o 1
+ / d¢ [—ma—(f)"‘ +WEx) + 04 (0% + VXY + 5-maF7T
)N

@ Definitions: My, = By + 3Gy, VS and W are NS-R fields and
F? is R-R field strength. Momenta =, and 7, are canonically
conjugated to 6« and <. All spinors are Majorana-Weyl ones.

@ All background fields are constant.
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Model and boundary condition

Choice of model - justification

@ The choice of action can be justified using general pure
spinor type Il action within the T-duality formalism (arXiv:
0405072).

@ We assume that background fields are independent of x*.
In mentioned reference, expressions for background fields
as well as action are obtained in an iterative procedure as
an expansion in powers of #* and . Every step in
iterative procedure depends on previuous one, so, for
mathematical simplicity, we consider only basic (¢ and 4
independent) components.
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Model and boundary condition

Hamiltonian

Hamiltonian is of the following form

HC:/dUHC, HCZT—_T-i-; Ti:ti_Ti7

where
1 oo
L = :FEGMV lipliu > lip =my, + 2/€ni;wxly + Waw;oj - %%Wa
1
T = (0“+ wﬁX'“)ﬂa — 4—H7TaFa57_r5
= - 1
ro= (@ e+ TP,
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Model and boundary condition

Canonical derivation of boundary conditions

@ As time translation generator Hamiltonian H; must have
well defined functional derivatives with respect to
coordinates (x*, %, ) and their canonically conjugated
momenta (7, Ta, Ta)

SH = 6H — |7 Osxt + 7,60 + 55‘17?&} 5.

@ The first term is so called regular term. It does not contain
T and o derivatives of coordinates and momenta variations.

@ The second term has to be zero and we obtain boundary
conditions. There are various choices of boundary
conditions.
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Model and boundary condition

Boundary conditions as canonical constraints

@ Let A® be a constraint. Then consistency of constraint demands
that it is preserved in time

/\(") B d/\(n71)
Todr

_ {HC,A(’H)} ~0. (n=1,2,...)

@ In all cases we will consider here, this is an infinite set of
constraints. Using Taylor expansion we can rewrite this set of
constraints in compact o-dependent form

No) =3 A (o =0), Aio) = Y W/\(”)(a _—

n=0 n=0

Bojan Nikoli¢ Type | from type |IB superstring theory via boundary conditions



Solution of boundary conditions

Choice of boundary conditions

@ For coordinates x* we choose Neumann boundary
conditions
0)m
Y5 =0.

@ In order to preserve N = 1 SUSY from initial N = 2, for
fermionic coordinates we choose

(6° = 5%)| =0 = (7o — 7a)lg = 0.

@ o-dependent form of boundary conditions are the second
class constraints. Instead Dirac brackets we will solve
them.
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Solution of boundary conditions

Solution of boundary conditions

@ Solving boundary conditions, we get

o Quo o _
x*(o) = g" — 2@#1// doi1p, + — / do1(Pa + Pa) s
0 0
o eaﬁ o B
901(0') = ’r]a _ @NQA d0'1pu — T A d0'1 (,05 + ,05) 5
_ . o @aﬁ o B
(90‘(0') = 7%= @#Q/O d0'1pu - T/o doy (,05 + ,05),

1 - 1 -
o = Lo Lqpey, 5o = 2 (Qo” + 5
n 2(9—1—0),77 2(9—1—9),

Pa = Tat+ QTa, Pa = Qg + 7o -
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Solution of boundary conditions

Q odd N = 1 supermultiplet

@ Up to the constants, tensors multilying the momenta are Q2
odd (2 : 0 — o) combinations of T-dual background fields

1 1 . 1
pv _ L xpuv po L (xR | xR af _ ! xpap
O = B, Ot = (ke ) @ = Lt g

@ They are N = 1 supermultiplet.
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Solution of boundary conditions

Effective theory

@ Effective theory is initial theory on the solution of boundary
conditions. It is of the form

Eeff — ijnabaaqpabqu_’_
- 7Ta( =) [n" + (Ver);q"]

_ _ 1 _
+ (0r + 05) [1™ + (Ver) Q"] 7o + EﬂaFgffﬂﬁ
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Solution of boundary conditions

Effective background fields

@ They are of the form
G = Gu—4B,G"B\,,
1 v (&% (8% v
(Ver)i = 505, + BuGv0,. Fof =Fa’ —u2,Gy0,,

where the fields /¢, are defined as ¢, = ¢y & &fj.
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Concluding remarks

Summary

@ We start with type IIB superstring theory which background
fields are constnt. Boundary conditions are canonically
derived.

@ Boundary conditions are treated as canonical constraints.
Applying canonical approach we solve boundary conditions
and express initial variables in terms of the effective ones.

@ Effective theory is expressed in terms of Q even
background fields and variables (unoriented string),
background fields make N = 1 supermultiplet.
Consequently, effective theory describes type | superstring.
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