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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 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

. ) . |
OX'@NV) ~ lo—owml2ZNV)  0X'(2)05(0) ~ 27275(0)
Y y 1 ~ . an — . 1 .
X" (0)|V) ~ |o— ol 22"|V) dX"(2)o5(0) ~ z 207(0)

(|lo—oing = 0) (z,Zz—0)

we guess the correspondence:

V) — oo
ZY\V) - TG
ZY|V) - o7

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.

d—2
4

2 06(2,%) - 05(0) ~ [|z|(li|zl)2]
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We have explicitly evaluated it in bosonic LCSFT as:

(R(3,6)|e lasl 'V (Lays 2a9s3a3)) |V (4—aqs 5—ags 6—a3))

N[ T (mg|a1illm)2]_6|R(1,4)>|R(z,5}}

|"3"5123|U3

(tree)

T (1), 7(1) T ,7(2), 7(2)
(R(2,5)|(R(1,4)|e a1 Lo Lo a5 (Lo +Ly)

—T 1 —T 17° R(3
- [|-ﬂ*~'123|1’f3(ﬂg |&123|”3) ] £(3,6))

(1-loop)

|V(]—{Il :2{}:2 53{}:3)} |V{4—&1 !5—!}:2 16—!}:3}}

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

L34 E®)

(Rle T i (V) |[V)oR(Y) V) ~ 6769 T2  R) | R)

T W )y T (2 72y L
(RI(Re”a1tF0 o) e may (o 420 )i (v vy okl (v) V) ~ 67%691T2|R)

TP +E®)

(Rle = )sia(v)|V)sTb(Y)|V) ~ 6176%T—2|R)|R)

T =(1)y T o (2) F(2)y ., .1 .
(RI(Rle—ar Lo +E0) = L0 +167) id oy 1y 6B (7) | V) ~ 696972 R)

On the other hand, the OPEs among spin fields are
$H(2)2I(0) ~ 27164,
$4(2)x8(0) ~ 2159,

Ez(z)Ea’(O) ~ z_%\/lﬁ
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Our results on the contractions are consistent with the correspondence:

H; : v (Y)|V) - 35 3L
Q4 SUY)VY o nes
Q4 FUY)V) & =R

which are given by

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

e¥ = [e¥] — ( [cosh ¥ [sinh¥]; ) _ ( vI(Y) “‘“12.3?_53“:5{1"]),
IERANER)) V[Slnhr]ﬁ_j [Cﬂshf]&_i} {—ﬂlzg]_ig‘ia{r] mbﬂ{}fj

1 -
2 N2 _ n R 0 A o
ad
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Comment

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

—3 —
|B>O£1 *T|B>a2 ~ |(1123|T |B>th1—|—a2 )

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

Therefore, in the case of

T (1), 300, T (2, 72
(R(2,5)|(R(L ) arB0 0GB D 1 o s NV 005 an6oa))
we expected that the coefficient behaves as ~ (T7%)% = 17°

for bosonic LCSFT.

This estimation is consistent with the conformal dimension of the twist field:

1 1 , - - -
(E + 1—6) (conf. dim. of 66) X 2 (66 -06) X (26 — 2) (transverse) = 6.
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Correspondence between LCSFT and MST

 Brief review of matrix string theory

From BFSS’s Matrix theory (dimensional reduction from

1+9 dim. U(N) SYM tol1+0 dim.) , compactifying on the
circle in the target space, we have 2 dimensional action:

. ) 1 .
' ,XJ']E 4 _HT,TE-[XI-! ﬂ'])

gs

S = [dff do tr (——{DFX )2+ 6Tpe — _QEFEV

1

At the free string limit:  ——=9s—0
gym

main contribution comes from [X*, X7] =0

2006/12/20 seminar@Koyto Univ.

10



11

Diagonalizing the matrices, (U_lXiU)mn = a;'iném,n
periodicity up to U(N) gauge transformation X*(o + 27) = VX*(o)V 1
implies ' (o + 27) = gx'(o)g~ L, g€ Sn.

matrix string theory

J L
CFT
worldsheet field  z? ,02.,02, (m=1,---,N)
8 85 8¢
target space R3N /S
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Twisted sector: long strings

Interaction
~ exchange of eigenvalues
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Interaction: exchange of eigenvalues Z3 twist field/ spin field
. . 1 .
(0z5,(2) — 0%, (2))(06(0)) (nm) ~ 27 2(7°5(0)) (nm)
— . — 1 .
(8:{::1{5] — Oz, (5})(0-5_({]))(?1?11] ~ E_E(U%E(D))(nm) ’

(63(2) — 6%,()) (Z(0)) () ~ z-%jﬁwia(zﬁ(o))mm;.,

Interaction term:  gsV o' / d?z Vi

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

Vint = Z (Tzzz%'jij)(nm)

n<m

1
conformal dimension: (E X 8+ 5) t273
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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*+,2— and

; S 1 . in®  _. —in® P
X' o) =a'+i) —(ape” Pl +ape "N, [o], of,] = ndnim087, -
n=0
1 . inc - —in )
9%o) = 9%+ ) ;[H‘Qiem'“' +nQke o), {Q%,Q%} = adnimod®, -
n#=0
('rl — e%, ’f]* — e_%)

bra-ket representation
|¢,> — Z f;{l—?til;amlalflblﬂlag_lnl o &_ﬁ_lml o Ql‘ilh L. Q!ilk] L. |C£, Pig }ta.}

(o, p*, A?) : conjugate momentum of (z—, z*, 9%)
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Free Hamiltonian and super charge

a '(Lo+ Lo — 1),
1 . . . :
—p'p'+ > o ol + ) (n/a)Q”, Q% +

2

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

V2a™?! Z vE.Q% &t .

neZ

They satisfy the SUSY algebra:
{QE,Q5} = 2H8% + 207 (Lo — Lo)d%,
{Qs, Qg} = 2H5% — 2a” (Lo — E0)5é’53
Q4 Hol =0, [Q%,Hol=0, {Q%,Q5} =0,
up to the level matching condition Ly — Lo = O .

2006/12/20
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Connection condition for 3 closed strings

CE

Delta functional

3

g

(S{ﬂ[l —|— (8] —|— &3)58{X1{3] —_ E-)lXi':l} — @gxi(z))és('ﬂ(a) — @]_‘19(1} — @2‘[?{2])
= (a1, XD 92D |(ay, X2 92| (g, X13), 923V (1, 2,3)).

|

3-string vertex
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17
Oscillator representation

V(1,2,3)) = (27)% (a1 + az + a3)d®(p} + p% + pi)o° (AT + A% + A2)
w3 Z N (@) al) +61) &0 )+ Ny (o) +a0))P— 10 P
II(+) —1 Yo I(s) Ct_lﬂ; o e~ II(r)
e Q . e 'nNIZ QT VAY e 'nNZIQ_" 10).

where
Pt = aﬂ)g — a2p§, A% = a1 A5 — a7, QI_/:,,IG = %("7:&1@‘1” + n*ilé"_‘n
and the Neumann coefficients are explicitly given by

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

N — 1 I'(—maoyy1/a) Mo/

o a,m!T(1 —m(1+ ary1/ar))

?

3
123 = a1a203, (4 = 1), To = Z o, log |a,| .

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%Q% +---, Q% =0Q%+g,Q% +g%Q% +
{Q*,Q"} = {Q*,Q°} = 2H4**, [Q*, H]=[Q%* H]={Q*Q"} =0.

The first nontrivial terms Hl, a Qd Should satisfy

° i(r ; 3' h(r alr r
S QiMIeh + 3 @biQd) = Z Q5"1Gh) + ZQ )|0%) = 2|Hy) 5%,

r=1 r= 1 r=1

3 "
> Qp1ah) + Z Q5" 1@d) =0
r=1

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

They are given by the following form:
|H(1,2,3)) = Z'ZI0Y(Y)|V(1,2,3)),
Q4(1,2,3)) = Z's"(Y)|V(1,2,3)),
1Q7(1,2,3)) = Z°5*%(Y)|V(1,2,3)).

2006/12/20 seminar@Koyto Univ.
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Zi = Pz — (X123 Z a;lnﬁgd(_r: ’
Here  z7 = P/ —amsy o7'nNie"),  commute with the connection condition
a a 0123 _ r ~I(r)a
Y* = A®— 'nN
vz & M

and the prefactors are given by some particular polynomials:

vI(Y) = 69 — ﬁiY“Y"—k#t . YoYPy ey
123 6(a123)% *7°
43 . .
— _ﬁ'( )3 ’}’;JbgadeefghYchYer Ygl,rh
- (¥123
16 ..
+8'( )45‘1;,1EabcdefghYayb}rcydyey_f}fgyh’
A\ X123
s77(Y) = 29, Y + g ettty dy Yy Ty 9y,
‘(X723
a1 = ta ay byrc 16 i abede fghy-byreydyrey I h
sz(Y):— U, Y YY© 4 3 Yaaf MYy YeYeyey’'vyqJvy ",
3{]{123 7!(]1123
(YY) = 1/ﬁ(é'“'“'(ft”’)—w *(Y)),
s4Y) = —(Si“(Y)JriS‘;(Y)),
V2
i_( , ’?’;a) Si o ad i ,!J,}; ,T’J
7= o s Vaa = Yaas Yabe = VNabVda® tabed = [ab cd]”
aa

2006/12/20 seminar@Koyto Univ.



20

* Review of previous results on the correspondence

Correspondence in the bosonic sector
We fix and drop (n,m) and rewrite as =}, — =%, — X",
Comparing the OPE of the Zo twist field: 98X'(2)o5(0) ~ =" 3775(0),

(MST) 5Xi(2)05(0) ~ z 2a7(0),
Wlth the reSUIt Of l(aX{ljt(al) _I_ aX(l]z(_Jl)}‘V> ~ 1 D Z%'v}’
direct computation 2 AT |23/ 2|0y — o |12
1 _ . _ ) 1 ~ .
. - (1)i (1)i(_ ~ ¢
(LCSFT): z OX V) + XV —o)V) ~ w2V,
we expect the correspondence: VY, & o6,
|Q'f) = Z'\VY, <« T'o,
QYY) = Z'V), <+ o7,
|H1> = Z'ZJ V)b — TIFt
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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 rewrite as 0 — 02 — 0%, 0% — 02 — 0°.
The OPE of spin fields is  #"®)='(0) ~ 273 j;w:;é 2%(0), 6°(2)T*(0) ~ 272 jiv:;a 2¢(0),

i sa Ga (. sa -1 "M i i
Yaa 2°(0),  0%(2)X%(0) ~ 272 —=7,, ¥°(0),

0*(:)4(0) ~ 27 - 7

and then (6°(2) +1i6%(2)) (BT — 2254 (0) ~ |27} (—i)7}s (BT — iT'E?)(0),

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

From direct computation,
1

we have | (1)a (1)a a
AN 01)|[V) ~ AV (—a1) V) ~ Yev),
47|23V /2|0y — oy |12
where  awe(e) = o a4 3 (1QWeH o ghe ).
el e (LCSFT)
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Suppose V)e < (22— 24%%)(0),
77*041/2 )
YO o AL = (\/Eea(z)“\/éea(z)),

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 . : 1 i waci
YeY? V) & —i 5 “ (z > — quﬂ’gz zb),

3
o .~
YYPY° V) —( 1223) ull (4% +ix'%%),

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

é

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

3 .
« z s~ = 1 .. .-
YovtYyevdyey vy, < — ( 123) gabedefgh il (z*z-'f + Eﬁ})zﬂzb) ,

oo
M

(M

(8] .o~ .
YaYbYchYerYg|V)f o _( 1223) Eabcde_fgh,r;a(zaz}t + iztza) \

Yovbyeydyey/ yoyh|vy, (a1223

4
) Eabcdefgh(ziii + Zdid) ,

and  YYYevtyeydyey yovh|v), =0 < A% (DS 4+ 2484 :=0.
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Here, we note various relations of gamma matrices:

ikl [i _Kl]
tabed = 'T[:f;ﬂcd] ’
. 1 -
z _ bed h gt
tajbcd - Esa cdefs tejfgh, ’
. 1 .
igkl abedefgh yijkl
tajbcd — _EE To tejfgh ]
. . 1
toea = — i Siktmnpatabed >
Eabede fghfsij — 'Tffb’}'fé'f{e?ﬂf;:i ’
o 1 5 1 . -y
TeaToo, = 3 (5£,j5a,b5a,s + 8a,6735 + 0a8%ab + 5005 YapVih — YasVap — le'ré’z)
1 ikl ikl 1 i jhel jkel i 1
+16 (Tfﬁiﬂ‘g + Yo Vab — 5(7;’;‘”‘7‘? STy ) + géi,ﬂﬁ,‘,m"*rf-m” :
and define
. . 1 1
ab _ ab El _klwy-ay b Elmn kIl _ mny avy bycyd
m (Y) = 6 —I— F'}"dé'}'aby YY" — 96—2’}'&'!) ’Tﬂ.bﬂrcd Y*Y'Y“Y
123 Q723
1
. k! kl __abedefghwyreydyeyv fyvagvh
PYPE Vi Yabt YYyry'y‘y
=123
2 .

L - - 6aﬁsabcdefgh}ra}fb}rc}rd}feyf Yg}rh .
"Qy23

2006/12/20 seminar@Koyto Univ.
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Using the above relations, we obtain the correspondence:

Hy) = o7 (Y)|V)e < 16%7%7,

Q%) =  s4(Y)|V)e ¢ 16|aizs|in*SéEr,

Q¢ = F4Y)|V): <+ 16|aias|in*TiEe,
m(Y)|V) < —16%4%P.

Combing the boson and fermion part, we have

Hi) — 7'32'%Fi%7,
Q‘l”) o oXeFint,
Q‘l”) o TIYigXe.
(LCSFT) (MST)

a1,02,Q3 . fix

(nm), z,Z, N :fix
without level matching projection
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SUSY algebra in MST

Free Hamiltonian and super charge H,

for (X% 0°,0°) :

which satisfy

Qo

1 _
5(1}0 + Lo — 1),

1 dz . .

—— %—.z(@X’BXz + 9“‘39“‘),
2 271
1

dz .
——j{—z_z(axzaxz + §°86%),
2] 2m

dz . :
j{ 23y, 0%0X(2),
271

dz 1 . ~ ..
j{ zz~'.0%0X"(2),
271

{Q2,Q%} = 26%°H, + 6%°(Lo — Lo),
{QS,QE} = 26%°H, — 5‘15(&) — En) .

{Q&, Q% =0,

[qu HD] =0,

[Q&, Hy] = 0.

seminar@Koyto Univ.
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From the correspondence, we define

do . . .-. dz e
H, = /—T“Z"}"JEJ(O’) :f _3%2%7‘211‘323(,2,2),
2w
QT — /—JE“”E (o) = —\/_ﬂ}{—z20'2“ ”E"(z z),

Qi = ’M/_/—‘r g%t (o) = —v2n —33 riYigEe (2, 2).

Using the OPE such as
isj

. . 30 1 -
i0X*(2)T7(0) ~ =z72 > o(0) +z7277(0),

. 1 'n‘* . N 1 T?* 5 . w ]. k . k N )
a ? gy 2 t ya 2 — a — AT YR (0
6%(z)X*(0) z \/E*TME (0) + = ﬁ(gf}*ﬂaﬁ‘ﬂ (0) 3*}11& (0)),
we have {Q%, Q%) + {Q%, Q%Y = 26°°H,,

(04,00 + {02, Q% = 26%H,,
{ngéii}‘F{Qitng} = 0,

(o, Fal +[Q4, ol =0, (VIST)
[Q%, H1] + [Q%, Ho] = 0.

2006/12/20 seminar@Koyto Univ.
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Contractions I1n 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)) = (277]255(0:1 + a2 + -‘113)524(P§ + pi + 'pfé.)[.u(al, 2, 113)]2
xed TN (@Dal 460600+ 5 N (2l +a0)P- 300 P? gy
where  ,(aq, az,a3) = e~ Xim o,

The reflector (bra, ket) is given by
(R(1,2)] = (0™ Zn won? e 878 (97) 24624 (p] + p})
R(1,2)) = (2m)*46%4(p} + ph)e™ Tn F@mn @ HELIETD g)
The reflector can be regarded as “1” in a sense because
(@] = (R(1,2)|®)2,  (R(1,2)|R(2,3)) = id3,; -
We expect a correspondence: |V (1,2,3)) <> oo
|IR(1,2)) < 1

2006/12/20 seminar@Koyto Univ.
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29
We expected that o6(z,2) 06(0), (|z| — 0) corresponds to

_L[Lﬁ}_l_i_(ﬁ)
(R(S,GHE o3 ! ! |V(1a1:2&213&3}}|V(4—a1:5—a236—a3}} (tree)

or

T (1), 7(1)y T ,4(2), 5(2)
T Ly +Ly TP+ Ly
(R(2,5)|(R(1,4)]e artFo o )may (Lo "+ Lo ),

V{]-Ctl }2111'21'3{13}} | V{4—&1 !5—&2!6—03)}

(1-loop) with T ~ |z,

We fix apr (a4 = —ax1, 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:

) NJIN[S =n~16"m6", Y NJIUN{=—N]., > N}IN} = (ai23)" 27
It [.t 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.

2006/12/20 seminar@Koyto Univ.



In the contraction (tree) with T # 0,
we have the determinant factor of the Neumann coefficients from nonzero modes,
which was evaluated using Cremmer-Gervais identity:

—

—6
- 2 T
2 —12 33 33 10
(n(ay, a2, a3)]“det™ (1 — NT{ZNT/’E)‘ ~ 2 [|a123|1f{3] :

n+m

- _ntmmp _
for T — 40, where (Npjy)nm =e *lsl /nmNgS .

From zero mode, we have a logarithmic factor:

12

—br(p1+p4)* [ T ] 824 '

€ ~ P1+ P4) (T" — +0),
2log(|as|/T)

which we have evaluated using the Mandelstam map:

_nt+mp -~ - _
bp = a3 Y Ve ST NING, [ - NELNE) ] =~ log(t — 7).
n,m>1 o
plz) = ojloglz — Zoc) + s log(z — 1) — aslog(z — Z5) — o log =, (£oc —+ 2x0),
dp
T = plz4) — p(z-), - (z£) =0.
2

2006/12/20 seminar@Koyto Univ.
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The result is

(R(3,6)|e lesl [V (1ags 2a0:3a3)) |V (4—ays D—ass 6—as3))

~ 272012 r lo 1 i _ﬁ|R(1 4))|R(2,5))
lagog]1/3 gl*&123|1*f3 , o

2006/12/20 seminar@Koyto Univ.
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In the contraction (1-loop) with T # 0,
similar calculation manipulating the Neumann coefficients seems to be difficult.
Instead, we have used &« = p™ HIKKO formulation with LPP vertex to evaluate

the determinant factor. Namely, comparing the expression of
3(—k3|6(—ke[(R(2,5)|(R(1,4)|A1A2|V(1,2,3))|V(4,5,6))

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

<bT1 ETl sz BTZ céeik3X (Ug) Céeikﬁx (U6)> ’
T

where  br, = [, du (g—ﬁ)_ b(u),--- and the generalized Mandelstam map is
GVeNDY ) = Jasl(log @1 (u — Uglr) — log 91 (u — Us|r)) — 2miau.,
, d
T = p(us) —p(us),  —-(ux) =0.
VL

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

e

8|as|sin(may /|ag|)

2006/12/20 seminar@Koyto Univ.
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In computation of the correlator, we evaluate residue at the interaction points w4
for ghost sector and treat « = p™ carefully.

¢
U+ Us

6 3 6 3 02_)
u- L.Js

The result is

_ _ T W gy T p(2) F(2 _
(R(2,5)[(R(La)le a1 B0 PR B By (1, o0 80 ) V(4015 aps6oag))

T T 21-6
~2—13n—12[ (10 ) } R(3.6)).
03| 1/3 g|£315123|1f'r3 IR(3,6))
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On the other hand, (in MST side), a CFT correlator of Zs twist fields for R
behaves as D

(06 (c0)od(1)o6(z,2)06(0)) ~ {|Z|—1(10g|z|)_2}z
for |z| ~ O,

. ) z
Note: the modulus 7 of the associated torus becomes e~ 7 ~ |1_6| 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:

IV (1,2,3)) <> oo
IR(1,2)) <> 1

2006/12/20 seminar@Koyto Univ.



A simple form of the prefactors

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

0 ~
o~a b ~azb ab
L { ){Iﬁ} jb} ("Tj g )1 v+ .r'"f ' =20""14¢.

aa

Then, the prefactors given by GSB can be rewritten as
B‘Y _ [E}r] ( [cosh}”'].z-j [Sll’lhy]ib )

(is), (4,b) [sinh ¥]4; [coshY].;

_ ( V(YY) i(—anzy) 2s(Y) ) |
( ,

—aii23) T2594(Y) mP4(Y)

1

— YaAa — 2 2 yasa 9 _
Y = yo n ’ Y =0.

—&123
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Using arelation,  £(¥)5* = (—1)/15%£(¥) — (=) l2goy ' (¥)

and the Fierz identity
|M||N|o—a N~ (—1)2 sk (k- D ayeags xreqioa
MapNep = (—1) 2 Z x Yap (NYTT%M)cpg.
k=0 )
We can easily check the SUSY algebra:

3 ] ] 3 . _ 3 —alr). ~i 3 —hr). = .3
S Qieh + Y Qi Med = 3 Q516N + 3 Q)10 = 21H,)s,

r=1 r=1 r=1 r=1
= i) 5 > b(r) ;

Z Qg P1231Q%) + Z Qp 'P123]1Q%) = 0.

r=1 r=1

For example, ZQD ) ZiFY)] b|V}+ZQbME F(¥)]ialV)

—0123 ij

zz( *' adbz-zﬂ [f"’m 2(For) - "{Y]}Y]
(

;Pabcd 133

1
1,,-“—0.’1-'_3 16 - 4! "ab

with f(Y) —1y/ —a123 sinh Y
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The Fourier transformation of the prefactors in the fermionic sector is

[cosh¥'];; [sinh Y]ﬂ-} _ % 56 [cosh@];; —i[sinhg]; i ﬁ‘i’ﬂ ya
[sinh¥'|4; [cosh)].. /| 16 i[sinhg|;; —[coshg].;

This form is useful for concrete calculation of contractions.

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

[ : Sivy o Siyd
A
[Slll y]dj [CIDS 1y]&_5 n*¥ayJ _yayb

(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

eal?ﬁ:;qfl-a}’ﬂlv(],z?g))f — JS(AT_I_AE_I_Ag)eafzaqﬁaﬁa
xeZ Qo e 'nNILQL —VEE el inNL(@QID+AQT) gy

The reflector for fermions:

2 (1) HI1(2) (2) HII(1)
(R(l, 2)' — <O|ea1_a2 Zn 1(Q Q Qn Q )6 (A A(Q))

2 11(2 (2)
IR(1,2)) = 3\ £ A®))eri—az 2, (- 1P} )|0)

For fermionic oscillators such as {a,a’} =1 , we have a formula
E%aﬂffu+ha€%aTNuT+paf|U}
_ det%(l + MN) AN (1+MN) " IA+5pu(1+MN) " Mp+p(14+MN) 1A
% E{,uﬂw)(1+ﬂ-fN}—1aT+%a1‘N{1+MN)-laTm) '
( M, N : anti-symmetric matrices)
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39
We find that both

2

(3) 7 (3) a a a a
R(3,6)|e” |a1;|':Ln +Lg ]Ealn $123 Y123 V(lays2a.s3a fe_a1223¢'456Y456 V(4—a,s 5y 6_a.))s
1 2 3 1 2 3

(tree)

(1) 4 1) (2) , #(2)

and  (R(2,5)|(R(1,4)]e” =1 Fo Lo D)oz (o +La)
T2V |V (10, 20, Bay) e e~ aas Pise Vb |V (4 5_.. 6_,.)) (1-0oOp)

are not of the form 7. (+)av?. 4+ gy

Therefore, schematically, the contractions in the fermionic sector are computed as

_ T 7.3, 7(3)
<R(3= 6)|€ >3l (be"+Lo )f(Y123)|V(1a1'-" 20!2? 30:3))1' Q(y456)|v{4—a1= 5—a2= ﬁ—aa))f
= 0%(A1 + A2 + Aa + As)det® (1 — (N775)*) f (P123)9 (Paze )7 -552|0)

and

(R(2,5)|(R(1, 4) |~ =x 6" +E) =25 (267 +L6™)

XF(¥123) |V (Lass 2as53as))r 9(¥a56) |V (4—ays 5—azy 6—as) s

= 0%(As + Ag)det®(1 — (N2 (2)?) f A1 S (P}53)9(Phse) €T30 0)
where f(x),g(x) = coshx or sinhx .
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Here,

yfég ~ —3’256 ~ —Cl,TOfS()\Z + )\5)a (tree)

- C -~ ~ 2-::1: o
—_ 3 33 v2y—1 prd 1 2
Cir = ﬂlzﬂﬁwz_(l - ‘:NT 2)7) N—T,fz \ |a3|T J
_nT _ _mT

and

Vi%3 ~ Vise ~ —2Cp paz(A; — agrz/az)?

T —1
i = sV L0 - (RO NG ~ 21 (o 1)

T/2 ET_E

_ nT _
( Tt;zz})n—er{lge a{lg:]t ( 12)(12)

mT
12 12 -
SO, D,

2006/12/20 seminar@Koyto Univ.
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41

Noting 456 = —(123,
[cosh(iY) + sinh(:Y)] = [coshY + isinh Y]

we evaluated the prefactors by the Fierz transformation such as:

[cosh¥'];j[cosh¥ Ty, = _42 {2;;, Vip | *P(cosh¥ 74177922 cosh ¥')y;

9 4

( 1} Aﬂl *a2p
(2p)!

[sinh ¥ ];a[sinh ¥];; = — “‘Z (sinh ¥ 5192 sinh ¥'); .

9 4

- — { 1 - .} - -~~~ -
icosh ¥ |;;[sinh ¥']qp = 4 E (Zp]]:T o ap[Slﬂhflzs".r‘ﬂ'l “2p cosh ¥123) 4
2 \z ; 8
= 8 (|a123[) 7-‘2&'3}’858{?}-'-0{};5}’
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« Small T behavior of the Neumann matrix products

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

- . - 1 .
Ajj = alagN%/ZCZN%% (1 - (N%?}Q)z) CjN%/Qa (2,7 > 0)
b;: = N3 .Ct(1— (N33.)2) " CiNg i, >0
ij = 102 T/2 — ( T/g) ) T/2° (2,7 > 0)

8 X —
|a3|6—TlOg det(1 — (N%%)z) = —aii,
o3| o i = b1;by;

|a3|%5ij = bj1a1; — bj j41 -

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

2006/12/20

aijzagﬁ(m)( C ) o (12(2) (1_(N(12)(12))2)_1( c )jN(lz)

T/2 a(12) T/2 T/2 a(12) T/2°
i J

2N (€ _ (N2t C ) L)
i = 5Ny (0(12)) (1 Nrjz ) ) (‘1(12)) KZE

o - (12)(12) Qo
8—Tlog det(1 — (I\TT/2 )2) = —a—3a11 ,

3] a1
o = a—gbﬂblj :

0 19

S_Tbij = a—gbﬂalj —bijt1-
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From the result in the bosonic LCSFT , we can read off the leading behavior
of the determinants:

5 1_1(y4g4 1 1 ,1fa, 1 1
det(1 — (N33,)%) = 27 12(— )12 5(1+6+15) (1+ ﬁ}lm(m) (%) L.

boo = 2(—B)(1 + B) lﬂg% + .- (tree)

det(1 — (N1 0)2) 02

T/2
1
, | 11
— 2—%{_Iﬁ)ﬁ_%(l+ﬁ+ﬁJ{l + ﬁ}%"‘%(ﬁ_'_%?) i (lﬂg i) ’ + ...
| %Y [0%Y
cr = log ({—ﬁ}_llﬁ(l + !5'}5) — 2(ago + boo) » (1-loop)
for T — 40.

Using the above data and exact identities for T=0 :
we can solve some “differential equations” and evaluate the contractions.
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44
The results are

“H{H{" (LCSFT)

L @O+EP)

(Rle cosh¥];;|V)[cosh ¥ || V) ~ 6%67'T~2|R)|R)

(1), 71y _ 1,72}, 7(2) o
L, +Ly ]E ag{Ll} +L, }[cnsh}f’],j|V}[cnsh}"]m|v} —~ {-jtk&jf-T—Elﬂ}

(R|(R|e a0
5tk il
|z |2

«—>  IIN(z,2)3!3%0) ~ (MST)

“QaQb (LCSFT)

J A JO)

(Rje sl [sinh ¥ ;| V) [sinh¥1 ;|V) ~ 6795%T 2| R)| R)

~Z+E() - Z P+

(R|(Rle [sinh¥;5|V)[sinh¥ ] ;|V) ~ 67769T2|R)

5id §ab

> 205i(2,2)%059(0) ~ g (MST)
2

2006/12/20 seminar@Koyto Univ.



. (3) , 7(3)
“H1Q%" (R|e Iagl(L +Lg )[coshY] V) [sinhY |ra|V)

~ JZkT_i’Y ("9(2) (1))(Uint)|R>|R)
1k

. . 1 &tk
«—>  Y¥(2,2)2%3*0) ~ ———~2. %0
(2,2) (0) 13 e (0)

P 3, 73
QIR : (R|e Iasl(L Lo )[s1nhY]w|V)[sth]b V')

~ T_l'yJ (19(2) (1))(Umt)’7db(19(2) (1))(Uint)|R)|R)

.o~ c 3 1
« s Xi¥i(z,2)28P0) ~ — 7. 6°

nd
272 Ve ~4;6%(0)

These 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.

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

 More detailed correspondence? (ay, Pr) <> (m,n, [ do,N),---.
(a-dependence, level matching projection,...)

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

« Higher order terms of both LCSFT and MST?

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

« Covariantized superstring field theory ? (using “pure spinor”?)
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The remaining contractions (1-loop)

: (1), 71y T ,5(2), 7(2)
Q% (R|(Rle"artPo tEo ) —ay(Ee L)

~ EIF”T—_TT {;"l (3) T ‘l(ﬁ}}(ﬂ-int]"R}

[cosh ¥ ||V ) [sinh ¥ [1.a| V)

.y .- 1 &k .
<~  YI¥(z,2)2%SF0) ~ ————~7. 60
( ? ) () z%z\/z ca ()

wa b . T (1) T (2) , #(2)
QIQY (Ry(Rje—ar o o ) —ag Ly + Lo [sinh¥1;4|V)[sinhY; [V)

~ T‘lﬁi&(%) )(Umt)’?’db{}‘{ﬁ} {ﬁ}){glﬂt}lR}

. - . .3 1
«—>  X0%(2,7)37%%(0) ~ 0% ()

||ca

Precise relation between space-time fermions?
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