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Introduction and summary

It is important to make detailed investigations of nonperturbative formulations for
string theory. Several formulations such as string field theories or matrix theories
have been proposed.

It is preferable to understand relations among them to develop them correctly.

Dijkgraaf and Motl suggested that there is a direct correspondence between

Green-Schwarz-Brink’s light-cone superstring field theory (1983)
and
Dijkgraaf-Verlinde-Verlinde’s matrix string theory (1997) .

We concentrate on their interaction term:
LCSFT MST
3-string vertex twist/spin field
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Comparing

. 1 .
OXH(o)|V) ~ o — it "221|V)
_ . 1 ~ -

IXH(o)|V) ~ o — it 22| V)

(|J_Uint|_>0)

we guess the correspondence:

Z’i
Z’i

V)
V)
V)

and

<
<
<

0X(2)05(0) ~ z—%#q(m
5X(2)06(0) ~ z 207 (0)

(z,Zz—0)

oTt

If the above correspondence is true, we expect that the OPE of the
twist field in MST is reproduced by the 3-string vertex in LCSFT.
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We have explicitly evaluated it in bosonic LCSFT as:

(R(3,6)|e ~fagr(Lo+ L13]}|V{1 2ess 30a)) [V (4— s 5—cros 6—cxx))
’ 0] “egs Yoy —ayr?—ogs V—ag
T T 276
_26_—12 "
2 |-!1123|1f’f3(1ﬂg |a123|153) ] R(1, 4))1R(2,5))

(tree)

(1) . =(1) T (2) (2)
L -I—L |l L L )
(R(2,5)|(R(1,4) e ~ar(Zo 2 O 1V (1ays2a0:3a3)) [V (4—ays5—agb_as))

Nz—Eﬁw—lz’ T (lﬂg ,Tlfg)-}_ﬁlR[&ﬁ}}

|aq23]1/3 |aeg 23]
(1-loop)

The result is consistent with the correspondence if we identify
IR) <+ 1
and T ~ |o — o] ~ |2].
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Similarly, we have evaluated the fermionic sector as:

3 76)
(Rle a1 F0 20 )i (v vy okl ()| V) ~ 57%69T2| R |R)

T 7y T (2) F(2)y . o
{RHRlE aliLl] +Lg, }E aE(L{] +Lg ]‘U”{Y}lV}’ULE(Y”V} Na-z.kﬁjET—ZlR}

(Rle ol s'UY)|V)s?2(Y)|V) ~ §76°°T?|R)|R)

= (1) =(2)y . . e .g
(RI(RIe™ T 80 )~ 0 00" sia )| v sib(v) V) ~ 5795972 Ry

On the other hand, the OPEs among spin fields are
> (2)2I(0) ~ 27169,
24 (2)2b(0) ~ 21690,

1

EZ(Z)ZG(O) ~ z 2

1 .
\/2—1.72(1 96(0)9 T
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Our results on the contractions are consistent with the correspondence:

H; : vIH(Y)|V) “ 33
Q4 SUY)V) & zex
Q4 FUY)V) & mxd

which is given by

In our computations in LCSFT, we found a simple expression of the prefactor

¥ _ [ef’] (i:6).(3:B) _ ([mshr]f-f_ [sinh:f’]ffj ) _ ( wii(Y) _-i{_al?g__;.—%giﬁ{r})_
: [sinh¥]% [cosh ¥4 (—op23) 287%(Y) mal(Y) J

b =

~
Il

2 U JURPTS | At TN
( . ) Y959, 59 = (59)(Ba)[b) — ( ;  lab ) 7950 + 3054 = 259014
—lX]123
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Comment

In , we evaluated the coefficients of
the idempotency relation for the boundary states as
T/2

|B)ay *1 |B)ay ~ |a123] T |B) o +az ) Y

in the HIKKO closed SFT (d=26) . 3

Therefore, in the case of

3 T, fy T 2 p(2 _ ,
(R(2,5)|(R(1,4)|e ar Lo 0 Faz(lo 0 5|V{1a1,2a2,3ﬂ3}}|V{4_a1,a_a2,ﬁ_a3)}

we expected that the coefficient behaves as ~ (T73)? =176
for bosonic LCSFT.
This estimation is consistent with the conformal dimension of the twist field:

1 1 , - - -
(E + l_fi) (conf. dim. of 06) X 2 (66 -00) X (26 — 2) (transverse) = 6.
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 Brief review of light-cone superstring field
theory (GSB: SO(8) formalism)

Green-Schwarz formalism — light-cone gauge
String field &: functional of z*,z— and

; P 1 . _: —inZ, - g
XI{{T] — 2t 4 Z ;(ag Eﬁl ol 4 0‘-:18 IH|Q|J ) [l’l;. a‘;n] — n'an.—l—'m.,[}'ﬂ'ﬂ’ .
n#[}
9%(o) = 9% + Z (" Qe + nQle "T),  {Q2,Qh} = a¥nim.0?, -
n#ﬂ
(fr’ — e%, n* = e_%)

bra-ket representation
1701 oo T T vee @ L1 oo q e 3§ - , ~b 3 .
|®) = Zf;f;;aml mlvebibigh L@l QM QY - |ay pf A%

(a, p*, A®) : conjugate momentum of (z~, %, %)
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Free Hamiltonian and super charge

a '(Lo+ Lo — 1),
1 . . . :
—p'p'+ > ool + ) (n/a)Q?, Q8 +

2

n>1 n>1
1
Ep*p‘ + ) & an+ ) (n/a)Q,Qn +
n>1 n>1
Z ,TaaQ—n n?
neZ

V2a~?! Z v Q% &t .

neZ

They satisfy the SUSY algebra:
{QE,Q5} = 2Ho8% + 20 (Lo — Lo)d®,
{Qs, Qg} = 2H5% — 2a” (Lo — E0)5é’53
Q4 Hol =0, [Q%,Hol=0, {Q§,Q%}=0,
up to the level matching condition Lo — Lo = 0 .
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Connection condition for 3 closed strings

Cﬁ:

Delta functional

3

3

5(&1 —|— (85 —|— &3)58(;’(1{3) — @1Xi(1} — ngi(z))ﬁs (’t?(g} — @1‘19[1} — @21?{2))
= (a1, XM, 9°W [(az, X*®),9°3) (a5, X*®), 923 |V (1, 2,3)).

}

3-string vertex
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Oscillator representation

V(1,2,3)) = (2m)°0(a1 + a2 + a3)d®(p] + pb + p3)6° (AT + A3 + A3)
Nz (@) a®) 16T &%) )+ N (") +aC) )p— T2 _p2

1
}{EEZ —m o —m - —n 123
II{(+»)  —1 — g I{s) _ —1 — II{r)

}{EE Q_a nN T Q" - ﬁﬁiar nN;Q_ |D> .

where
; ; ; I/I1a a «+1Sa

P! = anph — capl, A% = aad§ — Ay, QY = ('@, + Qe
and the Neumann coefficients are explicitly given by

-1
- (8 2% (8 — _
rs __ T s
Nmn — — (123 (— —|— —) NmNn’
m n

N'r _ 1 I‘(—mar+1/ar) em‘r()/a‘?'

o arm!T(1—m(1 4+ arg1/ar))

?

3
Q123 = arazas, (04 = 01), 1o = Y aplogla,].

r=1
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Interaction terms of Hamiltonian and super charges are
constructed from SUSY algebra:

H=Hy+g.H +g°’Hy+ -,
Q*=Q%+9.Q%+g°Q2+ ..., Q*=Q%+9.Q* +4%Q% +
{Qﬁe Qb} — {Qéséb} — Zﬂééba [QéaH] — [Qd&H] — {Qé? Qb} = 0.

The first nontrivial terms Hl, a Qs should satisfy

3 . i 3 i (r (r "
S QM1 + 3 @t = Z QM 1gby + Z Qr|G%)y = 2|Hy)s%,
r=1

r—= 1 r=1

3 .
S QiM1Gh + Z a1 = o
r=1

up to the Ievel matching condition Ly~ — L§? =0, (r =1,2,3),

They are given by the following form:
|H1(1,2,3)) = Z'ZIvY(Y)|V(1,2,3)),
Q4(1,2,3)) = Z's"YY)|V(1,2,3)),
1Q%(1,2,3)) = Z'5'%Y)|V(1,2,3)).
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Z~i' = P* —a123za TLNT"(T,B:,
Here Z3 = PI—oaus ) a; LnNZa") . commute with the connection condition
a a 123 -1 or HIl(r)a
Y® = A°— a lnNTQ T
\/5 r nQ
and the prefactors are given by some particular polynomials:
. . ) 1
vI(Y) = 69— ST o) A ump— S ) 65 5
Q123 P 6(a123)2 abed
_ 4 T?:J;Eabcdefghycdeeyfngh
6!(&123)3 @
16 .
‘I‘ 5”g“bc‘iefghYaYbYCYdYerYQYh,
8!(0‘,’123)4
iy . 8 g
s77(Y) = 29, Y + g ettty dy ey Ty 9y,
-(Xy23
ia 2 ta ay by c 16 i _abedefghvy byeydy ey [ h
s (Y) = — ull YOYPY e + ——~l e ghybycydyey y9y",
3&123 7!0:123
: Ui
Ta Y —
¥) V2
—id n
s'Y :—s Y+zs Y)),
(Y) ﬁ( “(Y) A(Y))
i Yai i A ié _,731,73 ,7.1
7= ;‘i,'-'a v Yaa — Taa® Wabe — [ab 'cla? abcd [ab cd]”®
aa
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 Brief review of matrix string theory

From BFSS’s Matrix theory (dimensional
reduction from 1+9 dim. U(N) SYM to1+0 dim.) ,
compactifying on a circle in the target space, we
have 2 dimensional action:

27 1 : 1
— /dt/ do tr(——(D,u,Xt)z + 6T po — _QEFZU
0 2 47

1 : : 1 : :
SIX, X712 + —oTy' (XY, 91)

+
492 gs

At the free string limit: B gs — 0
gy M

main contribution comes from [X*, XJ] =0
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Diagonalizing the matrices, (U ! X'U)mn = x dm.n
periodicity up to U(N) gauge transformation Xt(o + 27) = VX%(o)V 1
implies z'(o + 27) = gz*(o)g™ ', g € Sn.

matrix string theory

Il

CFT
worldsheet field — z? ,02.,02. (m=1,---,N)
8 8 8¢
target space R8N /SN
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Twisted sector: long strings

Interaction
~ exchange of eigenvalues
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Interaction: exchange of eigenvalues Z2 twist field/ spin field
. . 1 .
(9z5,(2) — 021, (2))(06(0)) (nm) ~ 27 2(7'6(0)) (um) »
. . 1 .
(9z5,(2) — 92;,(2))(06(0)) (nm) ~ Z 2(67°(0)) () »

(03() = O (N (F O um) ~ F=7ea(Z4(0) am) -

B3| =

Interaction term: gsVa' / dszint

Lorentz scalar, conformal dimension (3/2,3/2)

Vint = Z (TEZZ%JEJ)(nm)

n<m

1
conformal dimension: (16 X 8+ 2) +o =3
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 Review of earlier results on the correspondence

Correspondence in the bosonic sector
We fix and drop (n,m) and rewrite as =z, — =i, — X*.
Comparing the OPE of the Zo twist field: 9X'(2)a5(0) ~ 2"3775(0),

(MST) 5X(2)05(0) ~ 2 207(0),
With the result qf %(axﬂli(al)+ax<1ﬁ(—ol))\v> ~ o \112:7 _J.(l}pszi'V)’
direct computation | T
(5 x ()i gx (Vi ~ 7t
(LCSFT) : 2(6X (1) + 0 X' (—01))|V) 4w‘a123‘112‘gl_0$3|”223 V),
where : i —in oo 1o (i inZ
HX'H] (1) = ‘}ﬂraln;xau} o X Wion) = Eﬂal.nzzxaill] e 1[:;;.I tmwag,
we expect the correspondence: VY, & o6,
|Q ) = Z'\WVY <« T'o,
|Q(11> = Z" V)b < 0"7:?’,
\H1) = Z'Z7|\V)y, <« 7'77.
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Correspondence in the Fermionic sector

In the MST side, we consider type IIB version.
We fix and drop (n,m) and rewriteas 62 — 62 — 6, 6% — 6> — 6°.

The OPE of spin fields is  #"®)= (0 ~ z72 j;'ri& 24(0), 6%(2)B*(0) ~ 277 \?/?ETZE:, =%(0),

M i e S\ 1M s
rax*(0), 6%(2)x*(0) ~z"2 va 2(0),
e BH0), 0°(2)54(0) ~ 27E Tk, 540)

V2
and then (6°(2) +0°(2)) (Z'EF = £284)(0) ~ |27 (=), (B4E — imiE2)(0),

V2
(MST) (for z =2z > 0).

6°(2)E*(0) ~ 22

From direct computation,

1
we have )n.[l)a{o'lﬂv) ~ ),‘(1)&(_0-1”1?) ~

Ye|V),

(1)|1j2

am|o23|1/ 2|0y — oy

71

Lt 1Y (nQWenH 4 et |

B (LCSFT)

where ADe(g1) =
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Suppose Ve < (22— 24%%)(0),
- v o1/ 2
YO o Af = 1 (VE0%(2) +iVEE(2)),

then we have following correspondence:

a a i avaa . (X123 i i civa
Y |V)f — :A+(Z}E — ¥y )::—1( 2 ) 'Taa.(z Y — ¥y ),

b=

a 123 ’& i 1~1:' a~b
YeY? V) & —i 5 “ (z > — quﬂ’gz zb),

3
2 . o~

2
1
YoV YeY?d vy (0”223) ( B eSS + Et’fb“;‘d»}”“zazb)

5

YaYbYchYe|V}f s (&123) 21 abcde_fgh 1& (Eazt —ini Ea),
2 3‘

3 i
(s} 1 .. .-
YeYlyeydye vy’ |V _( 123) gabedefgh (2’*23+:};352“E*’),

b2
NJ

b2|=1

(8} s o~ .
YaYbYchYenyg|V>f o _( 1223) abcdefghﬁr;a(zazz_F iztza) \

(8
YeYeYeYlvey Yoyt vy, « (1223

4
) Eabcde_fgh(ziii 14 Edié) ;

and  Yovevtyeylyey yiyh| vy, =0 < AL (DT 4 24E) =
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Here, we note various relations of gamma matrices:

gkl — [i7 _ K]
tabcd — ’T[achd] ¥
tij _ isabcdefght‘ij
abed T 4! efgh ?
t‘ijk-"- _ _l abcdefghtijkl
abed T 478 efgh ?
tijk! - iE » tmnpq
abed T 4! tjklmnpgbabed
iy ik kl, Im_ mj
Eabedefgh0” = VapVedYef Ygh) °
z,-},-'f —155 d.: + 8 ‘i.f_l_‘j_ij_l_lé;,_klkl_ikjk_f]/jkik
Yaa Ty, — g \ 0id%a:b%p a,bY i a,bTab T 5 %3 TabTab — TabTys abVab

16 (Tﬁi’?ﬁ; + Vb Vi — 5(’}’;’;{”‘7{’ P ™) + géi,jﬁ;mﬂqgi_mn :

and define
ab ab t kl _klvy-ayb 1 klmn _kl _mnyaybyeyvd
m*”(Y) = é + —4 v Y'Y — ——— Ty Sy Y Y PY Y
405123 ab fab 96&%23 ab bled
Ji aopcae c e
—Wﬁgﬁ;s bedefghy cydyeyTy9y™

-(Xy923
2 )

_ - S 6&E€abcdefghYaYbYchYeyf Yg-Y—h ]
-(Xj23
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Using the above relations, we obtain the correspondence:

Hi) = vY(Y)|V)e « 16%°%7,

Q4 =  S4Y)|V)e > 16|aiss|in Rést,

Qi = FUY)|V)e < 16|ais|in*EiEl,
m(Y)|V)s « —16%4%b.

Combing the bosonic and fermionic part, we have

Hi) < T7'3'Fi%d,
Q‘l"’) o oXeFiyE,
Q‘f) o TiXiexe.
(LCSFT) (MST)

1, (Xo, 3 fiX (n,m), z,zZ, N : fix
without level matching projection
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SUSY algebra in MST

Free Hamiltonian and super charge H,

for (X%,09,0%) :

which satisfy

Qo

1 _
g(LO + Lo — 1)9

1 dz . .

—— %—.:4(6)(“8)(z + 9“89“‘),
2 271
1

dz . - -
——f—_Z(GXZBX"" + 6°960°),
2] 2m

d : :
jg z'z%'?’;agaiaxz(z) ;
271

dzZ 1 . = .~
f zzy..00X"(2),
271

{Q2,Q2} = 26°°Hy + 6°*(Lo — Lo),
{Q&,Q5} = 26%°Ho — 6%°(Lo — Lo) ,

{QS!QE} =0,

[an HD] — ﬂ:

[Q¢, Hy] = 0.

seminar@komaba
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From the correspondence, we define

do ._._.-. dz
H, = /—T"E‘T“'EJ(J) :f _
2 27

. d Py dz ey
Q¢ = \/i/ —JJE“%‘E"(J) = —\/Enf{—fga)la?"E*(z,ﬁ) )

NIH

2772 rYFIYI(2, %),

Q: = tx/_/—T‘E‘&E“(cr)——\/_n —zST‘E‘&E“(z z).

Using the OPE such as

09X (279 (0) ~ =520 (0) + 2 (0)
0°()(0) ~ 23Tl m0(0) + 2E (20,080 (0)- Sk 5 220 (0))
we have {Q%, Q%Y+ {Q%, Q% = 20%°H,,
{Q3, Q%) +{Q%,Q0 = 26°°Hy,
{Q3, Q% +{Q%,Q%} = o,
Qo T Tl = 00 (MST)
[Qo, H1] + [QF, Ho] = 0.
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Contractions In bosonic LCSFT

Let us consider the contractions in the bosonic LCSFT for simplicity
The 3-string vertex is the same form as the bosonic part of

Green-Schwarz-Brink’s LCSFT without the prefactor:
V(1,2,3)) = (27)*%8(a1 + a2 + a3)6*(p] + py + p3) (o, az, as)]?

wes ZN (@) al) +aT)aC) )+ T N (o) +al) )P 10

x123

P2
0) ,
3 —1
Where u(al, a2, a3) — e_TD Zr:l ., .

The reflector (bra, ket) is given by
(R(1,2)] =

(0]e™ Zn 7 (@ el Ha &) (9 1)24524 (i | i)
|R(1,2)) =

)
(211_)24524(1)11: + pé)e_ >on %(a'z_lfa':ff+&(_lfﬁ{_2i")|ﬂ _
The reflector can be regarded as “1” in a sense because

(@] = (R(1,2)|®)2, (R(1,2)|R(2,3)) =id31.
We expect a correspondence: |V (1,2,3)) <> oG
IR(1,2)) + 1

seminar@komaba
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30
We expected that o&(z,2)05(0), (|]z| — 0) corresponds to

I AQNNAQ)

(R(3,6)]e ~Tagl IV (Lays 295 303)) [V (4— ;s 5—cags 6—_ary)) (trEE)

or
T (1), 7(1)y T ,,(2), 7(2)
(Lo +E0 - (L + L)

(R(2,5)|(R(1,4)]e ™ IV (1ag:2a3:3a3)) |V (4—ay5—as:6—as3))

(1-loop) with T ~ |z].

We fix ar (g = —a1, a5 = —a2) and do not insert the level matching projection.

At least formally, computation of the above quantities can be performed because
the reflector and the 3-string vertex are Gaussian form with respect to the oscillators.
For T'= 0, using the quadratic relations among the Neumann coefficients:

ZN*‘*IN =n~lg"mems,  NONIANE = NI, Y NAN} = (a123) "2
It

we have (R|V)|V) x |R)|R), (R|{(R|V)|V) x |R)

with divergent coefficients given by the determinant of the Neumann matrices.
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In the contraction (tree) with 7' # 0,
we have the determinant factor of the Neumann coefficients from nonzero modes,
which was evaluated using Cremmer-Gervais identity:

2 10 T -
~ 2 ,
|cq23)1/3
n—l—mT

for T — 40, where (N7, nm =e s vnmNgD, .

—12 IO NTII
[ﬁ{ﬂflsﬂzsﬂ%}]zdﬂ' ! (1_NTJKQNT;2

From zero mode, we have a logarithmic factor:

12
—br(p1+p4)? [ ﬂ- ] 524{. .
€ ~ p1+ Pp4) (T — +0),
2log(|as|/T) !

which we have evaluated using the Mandelstam map:

_nimep ~ oy~ .
by = a% Z vnme Zlesl NEN;"; [{1 — N%‘?@N%?fz] 1] = log(1 — Z5),
n,m>1

p(z) = ajlog(z — Zx) + a2log(z — 1) — azlog(z — Z5) — aq log =, (Zoc — 00),

d
T = p(z+) —p(=-),  —(=) =0.
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The result is

— 2 @ +LE)
(R(3,6)|e lesl [V (1ags 2a0:3a3)) |V (4—ays D—ass 6—as))

27—6
~ 26,12 T log T |R(1,4))|R(2,5)).
lag23| /3 lag2s|t/3 } ,
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In the contraction (1-loop) with 7" # 0,
similar calculation manipulating the Neumann coefficients seems to be difficult.
Instead, we have used a = p™ HIKKO formulation with LPP vertex to evaluate

the determinant factor. Namely, comparing the expression of
3(—k3le(—ke|(R(2,5)[(R(1,4)|A142[V(1,2,3))|V(4,5,6))

(A1,2: propagator) for LCSFT and « = p™ HIKKO SFT, we evaluate the
factor by computing the CFT correlator on the torus:

(bWBMBRIER) czeiksX (Us) caettoX (Ug))

where  b() = [, du (g—g)_l b(u),--- and the generalized Mandelstam map is
GVENBY  pw) = Jas|(log 91 (u — Uglr) — log 91 (u — Us|r)) — 2miayu.
, _ d ,
T = p(u-)— p(uy), d—p{ﬂi} =0.
ar

For T' — 40, the modulus 7+, which is pure imaginary, is given by
_im T

T ~NJ

8|as|sin(way/|as|)
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In computation of the correlator, we evaluate residue at the interaction points w4
for ghost sector and treat « = p™ carefully.

The result is

(1), #(1)y T ,4(2) (2
L, +Lg, Ly —I—L
(RS (RO E0 TR0 2B L)y (1, 50 300N V(4005 ap6as))

T T 216
wz—‘-’ﬂw—lg’ . Ug(mg 1}.,3)} |R(3,6)) .

|y 23] |oeq23]
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On the other hand (MST side), a CFT correlator of Z» twist fields for RPpehaves as
D

(66 (c0)05 (1) (2, 2)a5(0)) ~ [|z|—1(10g|z|)—2]z
for |z| ~ 0.

. : z
Note: the modulus 7 of the associated torus becomes e~ 7 ~ |i%|_ for z e R, |z| = 0.

If we identify T ~ |z| andtake D =d—2 =24,
singular behavior of contraction of the 3-string vertices is consistent with:

V(1,2,3)) < o6
IR(1,2)) + 1
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A simple form of the prefactors

Noting the triality of SO(8), let us define new gamma matrix:

J.0

Taa

R ey cad 0 "‘,r"i- o L )
5 = (3%)(-410:b) = ( ; ab ) ,  399° + 39 = 26%%146.

Then, the prefactors given by GSB can be rewritten as

X _ [er] (4,a),(4,b) _ ( [cnsh}"]f‘j: [sinh}"”]"i% )
[sinh ¥']% [cosh Y]%b

B vIi(Y) —i(—a123)"250(Y)
(—&123]_%3*‘;&'(1/) mab(Y) |
1
Y:yoyaaa:( 2 )Y (¥)° =o.
—1(x123
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Using arelation,  £(¥)5* = (—1)/15%f(¥) — (=) l2g0y £/ (¥)

and the Fierz identity

Li(k—1)
— M||N|qg—4 ( 1] ~ 1O ~
MagNcp = (—1)MIINIg Z o Aap (N7 U%M)cp .

k=0
we can easily check the SUSY algebra:

3 _ 3. iy 8. .oy 3. i) = .
> Q@b + > 1o = 3 @5Ieh + 3 Q014D = 21H1)s®,

r=1 r=1 r=1 r=1
. 1(7) X > ~b(r) :
Z Qg i ‘P123|Q11]} + Z Qo : Pi123|Q%7) = 0.
r=1 r=1
For example,

)3 Qs IFoNYZ V) + )3 QUFON# 2 v

_ g( 27 [70r)+ Ldon - 7rornr]”
o e [(F0) - 70ty ] ) Iv).

with  f(¥) = /—ai23 sinh ¥
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The Fourier transformation of the prefactors in the fermionic sector is

[sinh ¥]% [coshy]%? 16 _i[sinh g]7® —[cosh #]aP

( [cosh ¥ [sinhf]ﬂ% ) _ @ f 28 q{)( [coshg)?*  i[sinh gﬁ]f’f" )E%qﬁ“}’

This form is useful for concrete calculation of contractions.

The (expected) correspondence in the fermionic sector can be rewritten as

[coshY]¥ [sinh¥] ib VY o 16 SV -n*E'if]E’
: aj ab £ sawj _ saswb
[sinh Y] [cosh Y] Xty DIdd

(LCSFT) (MST)
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Contractions in super LCSFT

Let us consider contractions in the fermionic sector.

The 3-string vertex with prefactors is essentially written by

@ a 2 a a
emm? Y|V (1,2,3))r = 65(A2 + A% + A%)emm A
wel QU e nNI:. Q1) —V2Y al 'nN L (#Q1 ) +AQT 3’)|0>.

The reflector for fermionS'

(R(1,2)| = <0|ea1 ag Ln= 1(QI(1)Qn ®_q@i?qn 1))58()\(1) )\(2))

00 I(1) ,II(2) 1(2) ,II(1)
IR(1,2)) = 63\ + A@)ear1—az 2y, (-QN)eP+o! %M "j0)

For fermionic oscillators such as {a, aT} = 1, we have a formula
e%a.ﬂ-fa—}-}nae%aiﬂfaj—l-pai | U}
1 1 ,. — 1 _ —1a, , _
— det2(1 4+ MN) 3 AN(1+MN) IN+p(I+MN) " Mp+p(1+MN)—IA
v E{,u,-l—AN](1—|—Il.=:[N}_1aT—|-%a'i"N{1—|-ﬂ-fN)_1a.T|D} '
( M, N : anti-symmetric matrices)
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40
We find that both
(3) (3) a a
(R(336)|€ |a3|(Ln +Ly ]6“1223¢123 123|V(1a132a333a3)>f 8_$¢456Y456|v(4—a135—a256—a3))f

(tree)
and

(R(2,5)|{R(1, 4)|e—%{Lﬁl}+£E?’)_%(L[{}2) +I®)

xemiza P10 50 |V (14, 2055 8ag) ) r € 138 P800V |V (4o 50y 60,))r (17100D)
are not of the form 7. (-~ )ard? 410y but € ¢+ |0)
Therefore, schematically, the contractions in the fermionic sector turned out to be

(R(E" 6)|e 'a?"(L +lo )f(Yli‘*S)lV(lan2a2=3a3)>fQ(Y456)|V(‘4—a1a5—0:2&6—&3))

= 6%(A1 + A2 + Aq + As)det®(1 — (NF5,)?) F (P123) 9 (Yase)e ™1 3%3)|0)
and

T (1), f(1) T 7 (2), 7(2)
(R(2,5)|(R(1, 4}|e_a_1':L0 +Lg ) — a5 (Lo +Lg ")

}{f(YHS)IV( ot 0521 a3)>f9(yd56)|v(4—a1 5—azaﬁ—a3))f

= 3%(As + Ae)det®(1 — (NL2)12)2) f dBA1f (V)25) 9 (Vise) €™ 52)0) .
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Here, Viaz ~ —Vise ~ —Ciraz(Az2 + As5) (tree)

. C 33 121 20107
B 3 33 \2y—1 73 (2172
Cl:T = algngf,fga—g(l - {NTJ,-"E} } NT,.-"E ~ \,.' ICE3|T ’

_nl - _nT _ _mT
Cn.m- = nﬁn!m_, {Ni'a"}frz]n = ‘\.-"'ENEE |'l3E3|j {N%?#E]nm = e |33|1£-nmN2ile g

and
Vi%3 ~ Vi ~ —2Cy poaz(A1 — a1rz/asz)® (1-loop)
c ’ — alzﬁﬁ{lzj [1 . {ﬁr{lz}{lzj)zj—lﬂr{lz} ~ ET—% (].Ug i)_l
1. T T/2 a(12) T/2 T/2 2 las| )
nT nT mT
(N2, — /aNPe “az, (NUIDAD) o 202) umN DD e

T/2 T/2

(Here, gis a T-independent parameter.)
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Noting Q456 = —O123,
[cosh(:Y) + sinh(:Y)] = [coshY + isinhY ],

we evaluated the prefactors by the Fierz transformation such as:

2 (—1)P_q,.

[CDShY]ij[CDShy]IEk — 2_4 Yik .-EEP(C'US]TIF%al'ﬂaEPCDShY}U
o (2p)!
4
— lﬁﬁikﬁjg( ) JS(Y)—I—O(YE).
123
.. e 2 4
sinh ¥ ]*[sinh¥)?* = —164;;6.; (E) 53(Y) + 0(Y"?),
2 \7 . &
hij'hké:—Sci-«( ) L 53 (Y) + O(Y?),
[cosh ¥ ]V [sinh ¥'] "5k Tagaal ) Tciaye (Y)+O(Y”)

g : . 2 \3 8 8
[Siﬂh}?]m[SinhY]bj = 43:”!'}' t‘( ) 3yaayb58(y}+@{yd}s
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« Small T behavior of the Neumann matrix products

From the structure of Neumann coefficients, the following identities hold:

~ . ~ -1 .~
— 3 33 33 2 3 ;g
a'z'j = alagNT/2C3NT/2 (1 — (NT/2) ) CJNT/ga (393 Z 0) (tree)
_ - : - = P .
b?;j = alagN%/2C?' (1 — (N%§2)2) C'}N%/2 s (Z,j > 0)

0 -
|a3|8—TlOg det(1 — (N%?}z)z) = —aipi,
|a3|8—Tﬁ.«sj = by;b1j .

|053|8—T5ij = 5@1-‘113‘ — Ez’,j+1-

Similarly, we can derive the following identities for (1-loop) :

2007/5/16

i - i
aijzagﬁ(lz)( C ) D02 (1 (gUD0)2) 1( c ) (2)

/2 \ gy ) 12 T/2 1) T/2
. c \’ N -1 c \ -
b a2 (12) ( ) | _ (W00 ( ) 02
ij SNT/2 \ oy ( T/2 ) a(12) T/2
o = (12)(12)\2 oo
a—Tlogdet(l—(NT/z )%) = — s aii,
0 o109
o = Tgbilblj :
3] a1
70 = Tgbﬂalj —bijt1-
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From the result in the bosonic LCSFT , we can read off the leading behavior
of the determinants:

1 1

{_5} 127 6 (1+-S+1—Il—ﬁ) {1 + 5]

boo = 2(—B)(1 + B) log u + - (tree)

e

14""
mll—‘

w

_|_
\.C.‘J H.’
s
‘ S
~—
T

-+

det(1 — (N77,)%) =27~

3| =

det(1 — (NU2 122y e

T/2
1
» ' 1.1’ 271
— zﬁi_ﬁ}%—%[l_'ﬁﬁ—ﬁ) {1 + ﬁ)ll_ET% (3 : .%} i (l(}g T) 4 ..
|as) s
—2 T
, 5 . ‘
CT = ({ B) (1+p8)73 ) 3(1+ B) + 2(ago + boo) ; (1-loop)
for T — +0.

Using the above data and exact identities for T=0 :

we can solve some “differential equations” and evaluate the contractions.
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After some algebraic calculations, using small T behavior of the Neumann coefficients,
we arrived at a relation:

1 . g* 2 —1
_— ((C 2 o sin“(maq /|
ZC-T(( T)1) 272 |y an /g (ma1/ 3|)log(Tf|a3|)
Cr = o+ NP - MO NG

4

We found that we can determine g with the help of « =p™ HIKKO SFT
computation for a 1-loop diagram with 2 gravitons (instead of 2 tachyons).

Theresultis g = \/§7r|a1a2/ag|1/2 .
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Using the above various formula, we have obtained following relations.

Y H1H1 " (LCSFT)
T (LY +LSY) ij kl ik 5jlp—2
(R|e” Tl cosh ¥ 19 [V)[cosh¥ ¥ | V) ~ 6789172 R)|R)
'[lll =(1) ' (2) , 5(2) .
(RI(Rje a0 10 ) e B0 L0 ) (o g ¥ 1|V [cosh¥ M| V) ~ 57691T 2| R)
L _ ik(sgl
«—> '3 (2,2)2F2H0) ~ P (MST)
z
“QiQb . (LCSFT)
(3) (3) C. el
(Rle sl B0 T10 ) (i1 7168 VY [sinh Y 09 V) ~ 619695T—2|R)|R)
T (1) (1) _1 (2) (2) .. » ce a3
(R|(Rle arT0 TL0) "y (Bo L0 0) 10 h 9180 | vy [sinh ¥ 199 | V') ~ 679 69bT—2| R)
. - ij §ab
> SR ~ S (MST)

These are consistent with the expected LCSFT/MST correspondence!
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Similarly, we get

T d "o,
H,Q7 "

(R'e |a3|(
~ STRT—3

(R|(R]e

1), #(1 2) , #(2
—a (6 + )~ (1 + )

(LCSFT)

(3), 7(3)
0750 DV feoshy 19| V) [sinh ¥ |44 V')

'7ca("9(2) (1))(0'1nt)|R)|R>

[cosh¥'];;|V)[sinh ¥ |a| V')

~ ﬁikT__’?J {}"(3] fﬁ}}(ﬂ'int] | R2)

e .~ 1
«— I (2,2)2%5F(0) ~ —

2007/5/16

oIk

7% 06(0)

.35V2i
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(MST)
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“QiQb . (LCSFT)

(3), 7(3) g y
(Rle gl (Lo +Lo )[sinh ¥']%| V') [sinh ¥ 190 V) (ree)
~ T 1y J ("9(2) 1))(6“1‘3)7(16(19(2) (1))(01nt)|R>|R>

(1) (1), (2) . 7(2)
(R|(Rle a0 1o ) —a; (Lo +Lo 0 ) [sinh¥ ;4| V) [sinh ¥ ];, | V')

~ T2 (AG) + Afg) (Fine) 755 (Afsy + M) (Fing) | R) (1-loop)

. _ 1
s XFi(2,5)2I50(0) ~ PR 12, 0°9:640)  (MST)

Singular behaviors are consistent with the expected LCSFT/MST correspondence!
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Conclusion and future directions

 We have confirmed the correspondence of interaction terms between
LCSFT and MST by computing the contractions in LCSFT explicitly.

e The singular behaviors are the same.
 We found a simple expression of the prefactors.

« Precise relation among space-time fermions? (9%, A%) < (0%,60%).

 More detailed correspondence? (ar, Pr) <> (myn, [doy,N),---.
(a-dependence, level matching projection,...)

* Relation to Green-Schwarz’s LCSFT (SU(4) formalism)?

» Higher order terms of both LCSFT and MST?

e pp-wave background? (prefactor, contact terms,...)

« Covariantized superstring field theory ? (using “pure spinor”?)
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