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I. INTRODUCTION

It was pointed out more than ten years ago by Gross [1] that, in addition to the
strong coupling regime, the most important nonperturbative regime of string theory 1s
the high-energy stringy (o' — co) behavior of the theory. It is in this regime that the
theory becomes very different from point particle field theory. Among many interesting
stringy behaviors, it was believed that an infinite broken gauge symmetry get restored
at energy much higher than the Planck energy. Moreover, this symmetry is powerful
enough to link different string scattering amplitudes and, in principle, can be used to
express all string amplitudes in terms of say dilaton amplitude.

Instead of studying stringy scattering amplitudes [2], one altenative to explicitely
derive stringy symmetry is to use the generalized worldsheet sigma-model approach. In
this approach, one uses conformal field theory to calculate the equations of motion for
massive string background fields in the lowest order weak field approximation but valid
to all orders in o'. Weak field approximation is thus the appropriate approximation
scheme to study high energy symmetry of the string. An infinite set of on-shell stringy
gauge symmetry is then derived by requiring the decoupling of both types of zero-
norm physical states in the OCFQ spectrum [3]. In particular, all physical propagating
states at each fixed mass level are found to form a large gauge multiplet. This begins
to show up at the second massive level (spin-three). Moreover, it was remarkable to
discover that [4], in addition to zero-norm states, the degenerate positive-norm physical
propagating fields of the open bosonic string are mere gauge artifacts of the higher spin
fields at the same mass level. Instead of being gauged away as the usual zero-norm
states, these positive-norm states can be gauged to the higher spin fields by the existence
of zero-norm states with the same Young representations. It was also shown [5] that
the scattering amplitudes of these degenerate positive-norm states can be expressed
in terms of those of higher spin states at the same mass level through massive Ward
identities. This begins to show up at the third massive level (spin-four), and was argued
to be a sigma-model n+1 loop result for the nth massive level. These stringy phenomena
seem to be closely related to the results in Ref. [1]. In fact, an infinite number of linear
relations between the string tree-level scattering amplitudes of different string states,
similar to those claimed in [1], were derived through an infinite number of zero-norm
states [5]. To claim that the decoupling phenomenon persist for general higher levels,
it would be very important a prior to see whether one can rederive it from the second
quantized off-shell WSFT [6].

Recently there is a revived interest in WSFT, mainly due to Sen’s conjecture in
tachyon condensation on D-brane [7]. And it becomes more and more clear that a



second quantized field theory of string is unavoidable especially when one wants to
study higher string modes. On the other hand, a cross check by both first and second
quantized approaches of any reliable string theory result would be of great importance.
Unfortunately most of the recent researches on string field theory were confined to the
scalar modes on identification of nonperturbative string vacuum [8]. Our aim in this
paper is to consider the gauge transformation of all string modes with any spin and in
arbitrary gauge [9]. We will first prove the decoupling phenomenon of the third massive
level of open bosonic string claimed in Ref. [4] by WSFT. The result is then generalized
to the fourth massive level by both first and second quantized approaches. This paper
is organized as following. In section II we first summarize the previous first quantized
approach. In section III we explicitly calculate the lowest order gauge transformation
level by level up to the third massive level in WSFT, and compare them with those
of the first quantized approach. Some important observations will be made for ghost
fields in WSFT and zero-norm states in OCFQ spectrum. The transformation will be
seperated into the matter and ghost fields parts in WSFT. The matter part is found to
be consistent with previous calculation [5] based on the old covariant string field gauge
transformation of Banks and Perskin [10]. The ghost part is argued to correspond to the
lift of on-shell (including on-mass-shell, gauge and traceless) conditions of zero-norm
states in the OCFQ calculation. Section IV is devoted to the fourth massive level. Both
first and second quantized calculations there are new and will be presented. A brief
conclusion is made in section V. The lengthy gauge transformation of ghost fields for

level four will be collected in the appendix.

II. OLD COVARIANT FIRST QUANTIZED APPROACH

The old covariant quantization is one of the three standard quantization schemes of
string. In addition to the physical positive-norm propagating modes, there exist two
types of physical zero-norm states in the bosonic open string spectrum [11]. They are

Typel: L_;|x), where L,|x)=0,m>1,Lolx) =0; (1)
3 . -
Type IL: (L_g + §L2_1> |x), where L,|x) =0,m >1,(Lo+ 1)|x) =0. (2)
Type I states have zero-norm at any spacetime dimension, while type I states have
zero-norm only at D = 26. Their existence turns out to be important in the following
disscusion. The explicit forms of these zero-norm states have been calculated and their
Young tabulation, together with positive-norm states, up to the third massive level
are listed in the following table. Note that zero-norm states are not included in the

light-cone quantization.



‘mass level positive-norm states

zero-norm states

m? = -2
m? =0
m? =2
m? =4

m? =6 010, [, 00, »

[ ]

O

mn
=

e(singlet)
Ol,e
(03,2 x0,e

D:D,B,Zx[]j,3xm,2><o

]

Table.1 OCFQ spectrum of open bosonic string.

It was demonstrated in the first order weak field approximation that for each zero-

norm state there corresponds a on-shell gauge transformation for the positive-norm

background field («

m?2=0:
m?=2:
m? =4

'=1) 3]
0A, = 0,0;
8*0 = 0.

(5B/W = a(uﬁl,);

o0, =0,(8° —2)0, =0.

§B,, = gauaua -

(0* —2)0 = 0.

6Cpu)\ = 8(u 91//\) ;

1

inuug;

"0, =0/ =0, (0°—4)8,, = 0.

: )
8Cun = §a(u‘9u0,1\) - 77(/“/9/1\)§
"6, =0, (8> —4)8, = 0.

1
50,“,)\ = 58(,13”9/2\) - 277(#,,9/%\), (SC[MV] = 98[1593];

9402 =0, (0° —4)0. = 0.

1

3
(SC;“,,\ = gaﬂ&,&\e - gn(wa,\)ﬁ,

(0* —4)8 = 0.

(3a)
(3b)
(4a)
(4b)
(5a)
(5b)
(6a)
(6b)

In the above equations, A, B, C are positive-norm background fields, &’s represent
zero-norm background fields, and 8% = 9#9,. There are on-mass-shell, gauge and
traceless conditions on the transformaion parameters #’s, which will correspond to
BRST ghost fields in a one-to-one manner in WSFT as will be discussed in the next

4



section. Eq (3) is of course the usual on-shell gauge transformation, and eq (5) is
the first residual stringy gauge symmetry. Note that 6% and 62 in eqs (7) and (8) are
some linear combination of the oringinal type I and type II vector zero-norm states
calculated by eqs (1) and (2). It is interesting to see that eq (8) implies that the two
second massive level modes C,,, and Cj,,) form a larger gauge multiplet [3]. This is
a generic feature for higher massive level and had also been justified from S-matrix
point of view [12]. One might want to generalize the calculation to the second order
weak field to see the inter-mass level symmetry. This however suffers from the so-called
non-perturbative non-renormalizability of 2-d o-model and one is forced to introduce
infinite number of counter-terms to perserve the worldsheet conformal invariance [13].

Instead of calculating the stringy gauge symmetry at level m? = 6, it was discovered
that an even more interesting phenomenon begins to show up at this mass level. Take
the energy-momentum tensor in the first order weak field approximation to be of the

following form.

1

Tiv = —nw0X"0X" + Dyyap0XH0XY0X*0XP + D,po0X 09X 9> X
+D), 6’ X+ X" + D, 0X*0° X" + D,0' X*, (10)

T__ - T++(8XM'_)5X”) (11)

This is the most general worldsheet coupling in the generalized o-model apporoach
consistent with vertex operator consideration [14]. The Virasoro operators are defined

to be
1

Ln = —/ do (eian++ + euinﬂT..._) . (12)

T Jo
The conditions to cancel all g-number worldsheet conformal anomalous terms cor-
respond to cancelling all kinds of loop divergences up to the four loop order in the
2-d conformal field theory. It is easier to use operator-product calculation and the

conditions read [4]

20" Dyvas — Diwagy = 0, (13a)
0 D,ye — 2D°, — 3D}, =0, (13b)
o“D,, — 12D, =0, (13c)
3D" e + 0 Dyay — 3D,0y = 0, (13d)
D*,, +48*D), — 24D, =0, (13e)
2D,," +30"D,, — 12D, = 0, (13f)
2D)* 4+ 3D, * +120"D,, = 0, (13g)
(0* — 6)¢ = 0. (13h)

S



Here, ¢ represents all background fields introduced in eq (10). It is now clear through
(13b) and (13d) that both D, and D, can be expressed in terms of Dyyap and Dyva
and are mere gauge artifacts. D{IM can be expressed in terms of D5 and Do by
(13b). Equations (13a) and (13c) imply that D(,.) and D, can also be expressed in
terms of D,ap and D,,,. Finally egs (13e)-(13g) are the gauge conditions for D,,qas
and D, after substuting wa, D}w and D, in terms of D, ,p and D,,,,. The remaining
scalar particle is automatically a gauge artifact since eq (10) is already the most general
form of background-field coupling. This means that the degenerate spin two and scalar
positive-norm states are mere gauge artifacts and can be gauged to the higher spin fields
D,ap and D#;a’- This is very different from the analysis of lower massive levels where
only zero-norm states are gauge artifacts and can be gauged away. Presumably, this
decoupling phenomenon comes from the ambiguity in defining positive-norm states due
to the existence of zero-norm states in the same Young representations. We will justify
this decoupling by WSFT in the next section. Finally one expects this decoupling
persists if one includes the higher order corrections in weak field approximation, as
there will be even stronger relations between background fields order by order through

1teration.

III. WITTEN STRING FIELD THEORY APPROACH

It would be much more convincing if one can rederive the stringy phenomena dis-
cussed in the previous section from WSFT. One can not only compare the first quantized
string with the second quantized string, but also compare the old covariant quantized
string with the BRST quantized string. Although the calculation is lengthy, the result,
as we shall see, are still controllable by comparing them with our results from first
quantized approach in section II . There existed important consistency checks of first
quantized string results from WSFT in the literature, e.g. the rederivation of Veneziano
and Kubo-Nielson amplitutes from WSFT [15]. In some stringy cases, the calculations
can only be done in string field theory approach. The recently developed pp-wave string
amplitudes can only be calculated in the light-cone string field theory[16]. Sen’s recent
conjectures of tachyon condensation on D-brane were mostly justified by string field
theory. It is by now clear that a consistent check by both first and second quantized
approaches of any reliable string results would be of great importance.

The infinitesimal gauge transformation of WSFT is

00 = QA+ go(P* A — Ax D). (14)

To compare with our first quantized results in section I, we will only calculate the first



term on the right hand side of eq (14). Up to the second massive level, ® and A can
be expressed as
b = {qﬁ(m) + 1A, (z)o” ) + alz)b_ico ~ B (z)at o’ + iB,(z)a”,

+iBu(z)a b_rco + BO(x)b_gco + BHx)b_1c_y

—1Cun(z)e 0”02 — Cuv(z)ot o) +1iC,(z)ak,
—Yu(z)a i by + iy (z)at 1 bosey + iy, (z)ot 1bojeoy + i (z)at yb_1co

+7°(2)b_s¢0 + Y (z)b_gc_y + 72(:r)b_1c_2}cllk), (15)

A= {eo(x)b_l - e, (z)at 0% b, + i€, (x)o by + i, (T)at )by + ies(z)at by

+e' (z)b_y + (z)b_s + 63(x)b_1b_2c0}|§2). (16)
where ® and A are restricted to ghost number 1 and 0 respectively, and the BRST
charge is

Qp = ;OO LRate 4 ;m 5 CmCnb_m_pn : —Cg. (17)

The transformation one gets for each mass level are

m? = 0, 6A, = 0,6, (18a)
o= %a%"; (18b)
m? =2, 0B, = —8(ueg) - %elnﬂ,,, (19a)
6B, = —0,€' + 62, (19b)
6B, = %(82 — 2)e,, (19¢)
550 = -;-(32 —9)e!, (19d)
0" = —0M€l — 3el; (19e)



1

m?=4, 6C, = ~(?(,L68A) — 56?#77,,/\), (20a)
0Chu) = =€y = Ouesy, (20b)
0Cu) = _a(ué;lt) - 8(HEZ) + 252,/ /e (20c)
6C, = —0,* + 2¢, + €., (20d)
Y = %(82 - 4)621/ - %esn,w, (20e)
5o = ~;—(6‘2 —d)e. + 0,€, (20f)
(57}‘ = —281/63# - 26}1 - 36,2“ (20g)
52 = %(a? 1)l - 8,8, (20h)
oy = %(32 —4)e* — €, (201)
67" = —0tel — 4€* - 2€°, (20])
§y* = —20%¢, — 5e” +4€’ + € 1. (20k)

It is interesting to note that eq (18b) corresponds to the lift of on-mass-shell condition
in eqs (3b), (19¢) and (19d) correspond to on-mass-shell condition in (5b) and (4b) and
eq (19e) corresponds to the gauge condition in (4b). Similar correspondence applies to
level m? = 4. Eqgs (20e), (20f), (20h) and (20i) correspond to on-mass-shell conditions in
eqs (6b), (7b), (8b) and (9b). Egs (20g), (20j) and (20k) correspond to gauge conditions
in eqs (6b), (7b) and (8b). The traceless condition in (6b) corresponds to the trace
part of eq (20e). Also, only zero-norm state transformation parameters appear on the
r.h.s. of matter transformation A,B,C, and all ghost transformations correspond, in a
one-to one manner, to the lift of on-shell conditions (including on-mass-shell, gauge and
traceless conditions) in the OCFQ approach. These important observations simplify the
demonstration of decouplng of degenerate positive-norm states for complicated higher
mass levels, m? = 6 and m? = 8 in WSFT as will be discussed in the rest of this paper.

For m? = 4, it can be checked that only C,, and Cj,,) are dynamical fields (not
gauge artifacts) and they form a gauge multiplet, which is consistent with result of first
quantized calculation presented in section II .

We now calculate the decoupling phenomenon for the third massive level m? = 6, in



which ® and A can be expanded as

¢, = {DMVaﬁ(x)aﬁla’ilaglaél — 1Dya(z)ot 0”0, — Dﬂu(-"«”)a‘igaig - D}w(a:)a’ila’js

+iD#(a:)a“ — ua()et 0”102 b 1co - £, (x)a” ya” 1b_1co — £ (T)a” 0¥ 1b_yc

(:1:) 1a b_ico1 + zfo( Jat b 1o + z{}l(a:)a‘in_gco + ifﬁ(m)a’_‘lb_gco
+z§ (z)atsb 1 + i€ (z)at bse ; + i (z)a” 1bojc g + E%(z)b_gco + ENx)b_zc_;
+&(x)b_gc_g + E(2)b_1c_z + 64(:1:)b_2b_lc_1c-0}c1|k), (21)

o= {_kg,,a(x)a’ila’ila(_’lb_l —e}w(x)a 202,10y —EHV(:C) Salibe 2+Z€ (z)aZsby

+i€, (z)at yb_y + i€} (z)at 1b_5 + i€ () 1b_gb_1co + €' (2)b_y
+€®(z)b_3b_1co + eﬁ(x)b_zb;lc_l}lQ). (22)

The transformations for the matter part are

1

ODywap = ~O(p€ua) — €ulap); (23a)
0D e = —8(#611041,) — Dol + 3€pa — %einw — e?un,,)a, (23b)
0Dy = =€l — el + 26, (23¢)
(5D(1W) = —8(”_63) — 8(,,6#) + 26(,,“) + 26,2“, — ', (23d)
0Dy, = —Oueny + €l — %e“mw, (23e)
6D, = —8,¢* + e + 2}, + €. (23f)

It can be checked from eqs (23) that only D, ep and mixed-symmetric D, . cannot
be gauged away, which is consistent with the result of the first quantized approach in
sec. II. That is , the spin-two and scalar positive-norm physical propagating modes are
mere gauge artifacts and have been gauged to D,,qs and mixed symmetric Do In

fact, D, q, D[W], D(IW), D , and D, can be gauged away by EW,\: [luu], (1#1,), and one
of the vector parameters, say eﬂ. The rest, e#,ci and €* are gauge artlfacts of D,vap

and mixed symmetric D,,,.



The transformation for the ghost part are

1 1
68 v = 5(82 — 6)6?“,& - —2-6?“7),,&), (24a)
1
568—“/] = 5(82 — 6)6[1/“/] - a[HES], (24b)
1
(%&u) = 5(82 - 6)6%“,,) - B(#ei) + €N (24c)
1
8, = 5(82 —6)e%, + Oueny, (24d)
o 1
562, = —30%€ha — 26,y — 36 — 566%, (24e)
1
(552 = 5(32 — 6)62 — 3,6 + e, (24f)
1
5{; = 5(32 - 6)ei - 62, (24g)
1
§¢2 = §(02 — 6)¢S + Du€” — €y (24h)
6{3 = &€, — 8,€® — 3¢, — 3¢, (24i)
5E8 = 202, + 0,€° — 2¢d — 4e® — 265, 24j
K v H I b "
6€° = 98¢l — 33 — 5, + 4¢8 + 3%, 24k
" vp w p p pv
680 = %(82 —6)et — 2¢°, (241)
56t = —0Fe — 5et — 25 — €°, (24m)
562 = —23“ei — 6t =3¢ + ei“, (24n)
0&3 = —-38”62 — 7t + 66" + 5e° + 26}/‘, (240)
1
5Et = 5(a? — 6)€® + O“es + 4€°. (24p)

There are nine on-mass-shell conditions, which contains a symmetric spin three,an
antisymmetric spin two, two symmetric spin two, three vector and two scalar fields, and
seven gauge conditions which amounts to sixteen equations in (24). This is consistent
with counting from zero-norm states listed in the table. Three traceless conditions read
from zero-norm states corresponds to the three equations involving (5{#;’,652“,65;“
which are contained in eqs (24a), (24c), and (24d).

It is important to note that the transformation for the matter parts, €qs (20a)-
(20d) and egs (23a)-(23f), are the same as calculation [5] based on the chordal gauge
transformation of free covariant string field theory constructed by Banks and Peskin

[10]. The Chordal gauge transformation can be written in the following form

58X (0)] = 3 Lon®al X (0)], (25)

n>0

10



where ®[X (0)] is the string field and ®,[X (c)] are gauge parameters which are functions
of X[o] only without ghost fields. This is because the pure ghost part of ()p in eq (17)
does not contribute to the transformation of matter background fields. It is interesting
to note that the r.h.s. of eq (25) is in the form of spurious states in the OCFQ approach.
It will become zero-norm states after imposing the phys1cal ( on-shell) state condition.
Presumably, imposing the string field equation of motl(ha/(fr . eas (23) and (24) will give
us the on-shell stringy gauge transformation in the OCFQ approach )Fmally, it can be
shown that the number of scalar zero-norm states at n-th massive level (n > 3) is at
least the sum (say K) of those at (n-2)-th and (n-1)-th massive levels. So at least K
positive-norm scalar modes at n-th level, if they exist, will be decoupled according to
our decoupling conjecture. The decoupling of these scalars has important implication
on Sen’s conjectures on the decay of open string tachyon. Since all scalars on D-brane
including tachyon get non-zero vev in the false vacuum, they will decay toghther with
tachyon and disappear eventually to the true closed string vacuum. Our result on scalar
states as gauge artifacts of tensor fields in this paper implies that tensor fields of open
string (D25-brane) will accompany the decay process, which means that the whole D-
brane could disappear to the true closed string vacuum! This mechanism could provide
a hint to solve the so-called U(1)-problem [17] in Sen’s conjectures. A further study is

In progress.

IV. THE FOURTH MASSIVE LEVEL

We will use both the first and second quantized approaches to test the decoupling

conjecture for the fourth massive level m? = 8.

(A) The first quantized calculation
The positive-norm physical propagating fields can be found in Ref. [18]. Their

Young tabulations are

oo, {0, P, oo {0 (26)

b
The Young tabulations of zero-norm states caXthen shown to be

EEED,BJ',2><|ID,2><H,4><|:D,5><D,3><o. (27)
Note that the two representations [J9 in (26)and E}jl in (27) are different. One

corresponds to a”,a”,a?, and the other o*;a” ;a;. So one expects the last
three states in (26) are mere gauge artifacts and can be gauged to the higher spin

11



fields. The most general worldsheet coupling consistent with vertex operator

consideration is

Tiy = —%muax“axv + Eurap0X 10X 0X 0X“OXP + Eune0X 10X X 5 X
+E;,,0X"0X" 9’ X* + E,,,0X"0’° X"’ X" + E, 0X"0* X" + E, 0° X "3 X"
+E,8° X", (28)

T._= T (0X* = 0XH). (29)

After a lengthy calculation, the condition to cancel all worldsheet g-number

anomalies are

50" Epurap — 2Eurasy = 0, (30a)
ME,, — 20E, =0, (30b)
8 Eyra — 12E)5, — 8E 30 = 0, (30c)
OME,,\ —6E, — E,, =0, (30d)
ME,,\ — 6Ey =0, (30e)
20E* ra + 0" Eprap — 12E],54) = 0, (31a)
E% , +40"E,, —120E, = 0, (31b)
E! \ +80"E,,, — 48E), — 12E;, =0, (31c)
E¥ ,, + O E)\, —4E(,, =0, (32a)
EY , +120"E,, — 240E, = 0, (32b)
3E%,, + E, }+60"E,, — 30E, =0, (33)
2E%  + E, * +100"E, = 0, (34)
(0% — 6)¢ = 0. (35)

Here, ¢ again represents all background fields introduced in eq (28). Eqgs (30a)-
(30e) are extracted from (—Z—ﬁ)—g, anomalous terms in the operator product cal-
culation, similarly (31a)-(31c), (32a)-(32b), (33) and (34) are extracted form
(z_lw)4, (z—lw)5’ (z_lw)ﬁ and (—zjﬂuv anomalous terms respectively. It can be care-
fully checked, as one did for the third massive level, that only E,,.s and mixed-
symmetric E,, 5, and E}W,\ corresponding to the first three Young representations
in eq (26) are independent dynamical fields as the conjecture has claimed. The
last three states in eq (26)have been gauged to E,,»ap, mixed-symmetric E,, q

and E}M\ due to the existence of zero-norm states with the same Young represen-

tations in eq (27).

12



(B) WSF'T calculation

® and A can be expanded at this massive level as

®s = {iEﬂuAaﬂ(33)045104‘:1031“&1@61”FEﬁwaﬁ(m) Yol 02 a” 2—3E3ua( Jola? o,

_ZE;lwa( )a’jlaigan —Eﬂu(i)a’ila'iz; _E J(z)a 0 Y3+ iE,(z)at

+Cuvap(T)a #1ailagla€1b—100 “iCBua(x)a—za—1a—1b—ICO ;wa( z)al o 1a21b_sco
ZC valx)a o 0% b e — (2,,(3:)&‘13(1’:11)_160 — C;,,(x)a_za_Qb_lco

—Ca (@)t sa? 1b_sco — (3, (@)t 0 b_geo — (L (2)at 0¥ 1b_se

~C;’U(x)a’ila b_sc_q — gﬁu(x)a’ila’ilb_lc_Q + i(ﬂ(m)a’i4b_100 + igi(a:)a’igb_gco

+iC, (@)t yb_seo + iCH(z)a" 1b_sco + iCA()at borc_y +iC(x)a b_sc_,

+iC)(z)a” 1b_zc ) + i (z)at b 1c_y + ¢S (z)at b se_s +i§3(w)a‘_‘lb*1c_3

+iC10 z)al b_sb_ic_ico + C*(x)bosco + (M (z)b_seoy + C(z)b_sc_a + C(z)b_sc_s

+¢H(x

—~

b_lc 4+€ (CL‘)b 3b_jc_ 1C— 0+(: ( ) gb_lc_QC_o}CI,}C> (36)

V

_ 0 w v a B -] 77 a - 2 b v a
As = {ewaﬁ(:c)aqa_la_la*lb_l —1€,,4(T)a 0" 0% by — €a(z)ot 0 0% b,

—8, (2)a 40 by — &, (5)0k 507 b 1 — €, () s by — €, (z)at 0% b.s
-, (z)at 0¥ 1b_sb_1co + i) (z)a by + ie; (z)at 3b_s + i€, (z)at b g + i, (z)at b4
+ie, (z)a b 5b_1co + i€} (z)a” 1b_sb_1co + i€, > (x)at 1 bogb_1c_y + € (z)b_s
+€%(z2)b_4b_1co + €°(2)b_3b_sco + e(z)b_sb_jc_; + e“(x)b_zb_lc_z}lﬂ). (37)

The transformations for the matter part are

1
0Euvaap = —Op€pna) + 5€(ras M) (38a)
1
5E;u/aﬁ = -8(u€]1ﬂ|au) aﬂeauu + 46;waﬂ 262’(1/7?0/4) - e(sa;zn'/)ﬂ’ (38b)
1
5E;Ou/a = _a(MGIBa[u) - a + 26auu + 36011/;1 2 aﬂ”# 6?;5”!/)&: (38(:)
1
5E;m = —aﬂeia - 8(0615,)” + 26(1‘1”)“ — 6(80771,)# — 56#"],,0,, (38d)
(5E = _8[MGZ] - (9[,,621 + 36[ u] + 26[up]7 (386)
— 8
6Ey,u] = —8# V] 6[ ] + 6[ 1) + 6[ v) (38f)
OEp,,) = ~0,¢€l 0y~ Owep + 3ew) + 26, + 260, — €M, (38¢g)
1
6E(ﬁw) = _a(# v) 8(1/ ) + 6(uu) + 2€l/u + e(py) o 6 Nuv, (38h)
0E, = —0u€" + 7€) + 265 + €. (381)
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Again these are the same as calculation by eq (25). It can be carefully checked, as
one did for the third massive level, that all background fields except E,, a5, mixed-
symmetric [, and E}w/\ can be either gauged away or gauged to E, . xap, Eure and
E;,, by zero-norm states, which is consistent with the result of the first quantized
approach presented in subsection (A). The transformation for the ghost part are very
lengthy and can be found in the appendix. There are 18 on-mass-shell conditions,
which contains a spin four, a mixed-symmetric spin three, two symmetric spin three,
two antisymmetric spin two, four symmetric spin two, five vectorpnd three scalar fields,
and 15 gauge conditions which are consistent with counting from number of zero-norm

states listed in eq (27).

V. CONCLUSION

We have explictly shown that the degenerate positive-norm states at the third and
fourth massive levels of bosonic open string theory are mere gauge artifacts and can
be gauged to the higher spin fields at the same mass level: "This is demonstrated
by using both OCFQ string and WSFT. We have compared the on-shell conditions
of zero-norm states in OCFQ string\/r,t'd the Background ghost fields-6f WSFT. This
important observation makes the lengthy calculations in both the first and second
quantized approaches controllable and more importantly form a double consistency
check of our results. The interesting stringy behaviors discussed in this paper and
those in Ref. [1, 2] seem to imply that there must exist enormous exotic high-energy
properties of string theory which remained to be uncovered. One interesting application
of the decoupling of higher scalar modes is the decay of tensor fields on D-brane into
the true closed string vacuum in Sen’s conjectures discussed in the end of section III.

It is straightforward to generalize our calculation to closed string theory for the first
quantized approac}i‘.’/A reliable second quantized closed string field theory may help

uncover more high energy stringy properties.
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Appendix

Gauge transformation for background ghost fields of the fourth massive level are:

1 . 1

0 wap = 5(32 - 8)%;/0/3 - 55(7uu7?aﬁ),

5t = 507 = 8)ehu — Oucla — 3680 — el
6@1”& = %(82 - 8)62,,(1 + 6(“63,1),

i = 40 €0 = 2eley = 36k = 5l
6(8“,] = %(32 — 8)63“,] — 6[u6,1,]2,

Gy = 50 = 8)efuy + el

O = —20% )0 — O] = 36y = S,

58y = 5(0% — 8)ey — el + 26, = e,
6k = (0" ~ ety — 0l ~ e,

5C(2;w) = %(82 -~ S)G?ﬂu) + 8(,,65 — 26;,/ i
(Kiu = %(32 — 8)62” + 5(,‘65 — e;’;,, + %6977#,,,

‘5C(4;w) = -28ae(lm,)a - 8(#6,1,‘;‘ — 36(3“,,) - 46;1“/ - 36?#,/) — €',
(5(3, = —380‘62” + a(#eig" - 26?1“1) — 462,, — 26;V,

5C3U = —20%! 4+ ﬁeguaﬂnaﬂ - 36:(3#,,) - 562,, + 462,, -

auy

1
(5(3 = 5((92 - 8)6; — 9,€° + 2.5‘111 + eLz,

§¢L = 1((92 — 8)el, — 9,€° — 2¢,,

ko2
6¢; = %(62 —8)e+ 0ue’ — )7,
66 = %(62 = 8)e, + 0ue® — 262,
6Cu = =0, — 0u€'” — 4], = 3¢, + ¢},
G 3eh — ded — 2e! — €l?,
6Ci = —20"€L, + 0ue® — 26, — B¢, — 2¢,° — €,
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1
11
€ Nuv,

(A.1)
(A.2)
(A.3)

(A.4)



6(; = —48”ezy — O, — 462 - 562 + 46;1 + fiuan”“, A .22
5§3 = —20",, + D€'t — 3e,, — 66;0 - 36,113 + 36,2“,077"“, A.23

(A.22)

(A.23)

00 = =303, — el — Te)) + b€, + 5¢, + 4,0, (A.24)
1 v

660 = (8%~ 8)e, +20%, + 2, + 4}, (A.25)

1
6¢% = 5(62 —8)e” — 3¢ — ¢, (A.26)
8¢t = —6“6;0 — 6e” — 2% — 2610, (A.27)
82 = —0#eS — 7T — 4® — 310 — M 4 8 v, (A.28)
8¢3 = —33“62 — 8" + 667 — 4€'! + 262,,77‘“’, (A.29)
3¢H = —40"e] — 9¢" + 8¢® + ¢! + 6€'! + 3, + del, 1", (A.30)
1
§¢° = 5(82 — 8)e!” + 0"¢,? 4 5€° + 3¢, (A.31)
1
5¢% = 5(82 — 8)e' + 28”6}‘1 + 668 — 56 — e;,,n’“’. (A.32)

There are 18 on-mass-shell conditions and 15 gauge conditions in eqs (A.1)-(A.32),
which are consistent with counting from number of zero-norm states listed in eq (27).
Note that there are two irreducible components in (A.2).
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