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Introduction
.

String Field Theory

m point particle(e.g. scalar field)

1st quantization 2nd quantization
0= (p> +m?)|p) S:/d4x;(¢(82+m2)¢)
m string
conformal gauge covariant SFT
1
0= Q ‘\Ilcov> S = / i\l’con\chov
light-cone gauge light-cone SFT

1
0= (—ptoy + Ly — 1)) 5= / 5qj|c<_p+8+ + Ly — 1)V

In open bosonic SFT, the light-cone SFT action is derived from
the covariant SFT action by a gauge fixing condition.
(T.Erler-H.Matsunaga '20) 113
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Bosonic string case (review)
©0000000

Goal

We impose a gauge condition to the covariant SFT action

1

1
/ iq/con\I/cov — / ilpfixed Q/\I]fixed .

Siegel gauge condition : bgWeo, = 0
e.o.m. : COLO\I}fixed =0

Light-cone gauge condition : ?

eom.:(—pTdy + L — )W =0

We have to make clear the relation between ¥, and ¥,
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Bosonic string case (review)
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Covariant and Light-cone string field

A string field is a linear combination of 1st quantized state.
Covariant string field Light-cone string field

bl € KN0) € Moy @b ey € X|0) € He

Additionally, the following holds

o.=0, e Hp_o C Hic

L(l)‘ = Z( ot an i 4n i boe, )
n#0
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Covariant and Light-cone string field

A string field is a linear combination of 1st quantized state.

Covariant string field Light-cone string field
bl € KN0) € Moy @b ey € X|0) € He
Is the light-cone gauge condition Additionally, the following holds
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n#0
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Bosonic string case (review)
00000000

Covariant and Light-cone string field

A string field is a linear combination of 1st quantized state.

Covariant string field Light-cone string field
bl € KN0) € Moy @b ey € X|0) € He
Is the light-cone gauge condition Additionally, the following holds
LH\PCOV =0 7 L(lj‘llllc =0, Y€ /HL(‘)‘:O C Hic
L(l)‘ = Z( at oy i 4n:b )
n#0

The oscillator a!, in the light-cone gauge is embedded in the
covariant state space through DDF operator
(E.Del Giudice-P.Di Vecchia-S.Fubini '72)

_2\/’% §3XZ ;nX+
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Bosonic string case (review)
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Covariant state space and Light-cone state space

In this talk, we will understand from the point of view of a
similarity transformation §S.

Heov = Hijgng=0 DH L0 = Hic = 7'[Ll)':o D HLE'#O
DDF state
_in 4+ .
e " Al =SalS!
Liong = SLIS1
Q — SQICS_l

Q — closed/Q — exact = Q' — closed/Q'® — exact
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Bosonic string case (review)
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BRS operator

The BRS operator is expanded on ghost and light-cone zero modes.
1
Q= ; c_nL,(lm) —5 Z(m —n): ComConbmin

n,m

= \/ip, Zc,na; +coLlo + ...
n#0

The first term eliminates the ghost and light-cone oscillator states
and the second term imposes the mass-shell condition.
(Kato-Ogawa '83)
2
Vop_ Z c_noy; | = (coLo)> =0 and Vop_ Z c_na,, ,coLy
n#0 n#0
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Qlc
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Bosonic string case (review)
00000000

Similarity transformation

In general, we assign an appropriate quantum number N
Q=Qu+Q1+...., N={K,Qo}
S = Pexp(— /01 dt (t{K, Qi1} + tQ{K, Q2} + .. ))
Q= 5QoS™!

We use this result. Our task is
m What is an appropriate number?
Qo = Q'

m Does K exist?
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Bosonic string case (review)
00000000

N-number
We assign an following quantum number called " N-number”.

+1:a,¢, for n#0
—1:a,,b, for n#0

0 : otherwise
N-number counting operator and K are given by

1 _ 1 1
N = %:0 (nOJ+nOdn =+ C_nbn>, K = K Z Eai—nbn
n

We can check

N = {K,Q'C}.
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Bosonic string case (review)
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Similarity transformation

Q=Qo+ Q1+ Q2
=V2 p Zcfn\a/‘{’COLO—QO

\/
n#0 7

— Z(n + m)b_mcn+m>

It is correct transformation.
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Bosonic string case (review)
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Light-cone gauge condition

Liong is BRS-exact

_ ‘ d¢ b
Llong:SLgS = {Q:b()‘f‘lp— 2752(9)(‘"}

We impose

. ¢ b
(b() + Zp_ 27‘(‘18){"‘) \IICOV — 0

1 1
/\I’con\chov — / §\I’|c(*p+a+ + Lé - 1)\Ijlc

2
1= _
AR Vap- ) conay
n#0

TV
no derivative

K

LL#0
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Superstring case (our work)
0000

BRS operator

The most important point is how to treat ¢ and S~-ghost zero

mode
Q= Zc WL — Z (n = m)b_m—nCmn
+ Z V-G m)+z Z ( 27"* /B—m rCmYr — b—m’Ym—r”Yr)
reZ+v m reZ+v
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Superstring case (our work)
0000

BRS operator

The most important point is how to treat ¢ and S~-ghost zero

mode
Q= Zc WL — Z (n—m)b_pm—nCmen
+ Z ’Y—r m)+z Z ( 27"* /B—m rCmYr — b—m’Ym—r'Yr)
reZ+v m reZ+v
=V2p | Y cnag+ > vty | +colot
n#0 reZ+v
Qlc

The first and second terms eliminate the ghost and light-cone
oscillator states and impose

Py ¥Uie =0 for R sector
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Superstring case (our work)
0000

N-number

N-number is also
.ot + .
+]- 0, Cny W Ty
—1:a,,bp, 0, , 0,

0 : otherwise

where n # 0 and all 7. N-number counting operator is

N = Z( a—nan +cnb ) T Z (Vl""ll""": - 7'77""7)7')

n#0 rel+v
K= Zlcﬁ bn— Y V7.5
—n Y Pr
\/ép, n#0 " rel+v
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Superstring case (our work)
000®

Similarity transformation

Q=Qo+ Q1+ Q2
=V2p | conon + Y 1t Mb +coLo = Qo
n#£0 r€Z+V
S=e R
! Lot (L8] =St m)bomentm + L R
e G e

+ Z wty‘ G'(rm) - Z b—n'}’n+7‘ - Z nc—nﬁn-‘—’r

reltv pT=0 .20 n0

This transformation is consistent with the previous work for NS
sector

(M.Kohriki-H.Kunitomo-M.Murata '11)
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Summary and Future work

-~ Summary

N

m We constructed the similarly transformation between the
covariant and light-cone superstring state space.

m Our transformation relates the oscillators o, 1% to the
DDF operators.

m We can derive the light-cone SFT free action from the
covariant SFT free action for NS sector.

1 1
/quconqjcov — /Q\IJICQIC‘IJIC
g J
. Future work ~

m Can we derive the light-cone SFT free action from the
covariant SFT free action for R sector?

It is necessary to understand the transformation for PCO.
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