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Abstract

We calculate the R-R zero-norm states of type II string spectrum. To fit
these states into the right sym netry charge parameters of the gauge trans-
formations of the R-R tensor forms, one is forced to T-dualize some type I
open string space-time coordinites ahd thus to introduce D-branes into the
theory. We also demonstrate that the constant T-dual R-R 0-form zero-norm
state, together with the NS-NS singlet zero-norm state are responsible for the
SL(2,Z) S-duality symmetry of the type II B string theory.
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It has heen pointed out for a long time that the complete space-time symmetry [1] of
string theory is related to the zers>-norm state (a physical state that is orthogonal to all
physical states including itself) in the old covariant quantization of the string spectrum. [2]
This observation had made it possille to explicitly construct many stringy (¢’ —» oo) massive
symmetry of the theory. This mclides the we, symmetry of the toy 2D string [3] and the
discrete massless and massive T-duality symmetry of closed bosonic string. [4] The authors
of [5] show that, in string theory, some target space mirror symmetry of N=2 backgrounds
on group manifolds is a Kac-Moocly gaugy symmetry. Thus, like T-duality, 1t should be
related to the zero-norm states. O1 the other hand, the massless and massive SUSY, and
some new enlarged spacetime boson-fermion symmetries induced by zero-norm states were
also discussed in [6]. It is thus of interest to study the R-R zero-norm state and its relation
to D-brane which was recently shown by Polchinski to be the symmetry charge carrier of
the propagating R-R forms. [7]

Presumably, there should be no -R zero-norm state in the type I string spectrum since
the fundamental string does not irteract with the R-R forms. However, to our surprise,
it was discovered that there do exist both massless and massive R-R zero-norm states io
the type II string spectrum. [G! Tt was then realized that the degree of frecdotn of mussiess
R-R zero-norm states does not {it irto that of the symmetry parameters of the propagating
R-R forms and thus resolved the se:ming inconsistency. This observation gives us another
justification of the well-known wisdom that perturbative string does not carry the massless
R-R charges, although the existence of these R-R zero-norm states remain mysterious.

In this paper, we will show that the T-dual R-R zero-norm states serve as the right
symmetry parameters of the gaie - transformations of thie R-R propagating forms. Also one
is forced to introduce Type [ open string and D-branes into the type II string theary to
incorporate these T-dual R-1T v v omn states. Our spacelime zero-norm state

here is 11 complementary with o wcorldshcad string vertex operator argument iivst



by Binnchi, Pradisi and Sagnotti. [3] They considered R-R one-point function in the (~%,—%)
ghost picture on the disk and resulted in a conclusion which was consistent with D-brane
as R-R charge carrier [7]. As an iriportant application, we demonstrate that the constant
T-dual R-R 0-form zero-norm state, together with the NS-NS singlet zero-norm state which
was always neglected in the previcus discussions, are responsible for the discrete SL(2,7)
S-duality symmetry of the type II B string theory. [9] This discovery suggests that not only
stringy (o' — o) symmetry but also strong-weak (g, — oo) duality symmetry are related

to the existence of zero-norm states of the spectrum.

T-dual R-R zero-norm states mativate the introduction of D-branes into Type II string
theory. They serve as symmetry chiarge parameters of R-R tensor forms. The study in this
paper reveals again that all space-time symmetries, including the discrete T-duality and
S-duality, are related to the zero-ncrm states in the spectrum. The unified description of
S and T dualities makes one to speculate that they are all geometric symmetries (due to
the redefinition of string backgrounds) and to conjecture the existence of a bigger discrete
U-duality symmetry [9], [17] and its relation to the zero-norm state. In fact the SL(2,Z)
S-duality of II B string led Vafa [1€] to propose a 12d F-theory, where 7 is the geometric
complex structure modulus of torus T?. One can even generalize this zero-norm state idea
to construct new stringy massive symmetries of string theory. In particular, the existence
of some massive R-R zero-norm staes and other evidences make us speculate that string
may carry some massive R-R charges [6]. Another interesting issue is the identification of
D-brane charges with elements of K-theory groups. [19] How T-dual R-R zero-norm states

relate to K-theory groups is an inter=sting question to study.



REFERENCES

(1] D. Gross, P. Mende, Phys. Lett. B 197 (1987) 129; Nucl. Phys. B 303 (1988) 407,
D. Gross, Phys. Rev. Lett. 6( (1988) 1229. M. Evans and B. Ovrut, Phys. Lett. B
214 (1988) 177, Phys. Rev. D 39 (1989) 3016. G. Veneziano, Phys. Lett. B 167 (1986)
388. J. Maharana and G. Veneziano, Phys. Lett. B 169 (1986) 177. T. Kubota, ”Stringy
symmetries and off-shell ward identities”, talk on B. Sakita’s sixtieth birthday. ”Quarks,

symmetries and strings”, world scientific (1990).

[2] J. C. Lee, Phys. Lett. B 241 (1990) 336; Phys. Rev. Lett. 64 (1990) 1636; J. C. Lee, B.
A. Ovrut, Nucl. Phys. B 336 (1990) 222

[3] T. D. Chung, J. C. Lee, Phys. Lett. B 350 (1995) 22. hep-th/9412095; Z. Phys. C75
(1997) 555. hep-th/9505107.

[4] J. C. Lee, Eur. Phys. J. C. 7 (1999) 669. hep-th/0005227; A. Giveon, M. Porrati and E.
Rabinovici, Phys. Rep. 244 (1994) 77. hep-th/9401139

[5] A. Giveon, E. Witten, Phys. Lett. B 332 (1994) 44. hep-th/9404184
(6] J. C. Lee, Eur. Phys. J. C. 13 (2000) 695. hep-th/0007070.

[7] J. Dai, R. G. Leigh and J. Polcainski, Mod. Phys. Lett. A 4 (1989) 2073; R. G. Leigh,
Mod. Phys. Lett. A 4 (1989) 2767. J. Polchinski, Phys. Rev. D 50 (1994) 6041, Phys.
Rev. Lett. 75 (1995) 4724. hep-1h/9510017.

[8] M. Bianchi, G. Pradisi, and Sagnotti, Nucl. Phys. B 376 (1992) 365. J. Polchinski,
"Notes on D-branes”, hep-th/9€02052.

[9] C. Hull, P. Townsend, Nucl. Phvs. B438 (1995) 109, hep-th /9410167

[10] Green, J. Schwarz, and E. Witten, "Superstring Theory”, Vol 2, Cambridge University
press. 1987.

(11] J. C. Lee, Z. Phys. C 54 (1992) 283



[12] D. Friedan, E. Martrinec and . Shenker, Phys. Lett. B 160 (1985) 55; Nucl. Plys. B
271 (1986) 93.

[13] C. G. Callan, D. Iriedan, E. Matrinec and M. J. Perry, Nucl. Phys. B 262 (1985) 593.
R.C. Myers, Phys. Lett. B 199 (1987) 371.

[14] S. R. Das and B. Sathiapalan, Phys. Rev. Lett. 56 (1986) 2664; 57 (1986) 1511, Chigk

[tol and Yoshiyuki Watabiki, Phys. Lett. B 198 (1987) 486. J. C. Lee, Phys. Lett. B 326
(1994) 79

[15] J. H. Schwarz, Phys. Lett. B 360 (1995) 13, Erratum: Phys. Lett. B. 364 (1995) 252,
hep-th/9508143

[16] C. Montonen and D. Olive, Phys. Lett. B 72 (1977) 117; D. Goddard, J. Nuyts and D.
Olive, Nucl. Phys. B 125 (1977) 1; H. Osborne, Phys. Lett. B 83 (1979) 321.

(17] E. Witten, Nucl. Phys. B 443 :1995) 85. hep-th/9503124.

[18] C. Vafa, Nucl. Phys. B 469 (1¢96) 403, hep-th/9602022.

[19] G. Moore and R. Minasian, JEEEP 9711:002 (1997), hep-th/9710230. E. Witten, JHEP
9812:019 (1998), hep-th/9810188.



