su(2]2) YEMEERY5% D
DR RO ERES

FAR 1]
(GHBA LR HFE )

References:
I. Kishimoto and S. Moriyama,
“An Algebraic Model for the su(2|2) Light-Cone String Field Theory,”
|arXiv:1005.4719];
“On LCSFT/MST Correspondence,”
Adv.Theor.Math.Phys.13(2009)111[hep-th/0611113v2]




String field theory

¢ KDZDEH(SFT) : K mDIFRENHITE A EDIEHH
o TRY W URBDIZDIER
FFICHFA 2 EEEORIRBICE U CTREMND DI,
> 13 J)LEE(200511H) BiE, I (CEBRUERE
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$

HEXIFME
Modified cubic SFT
WZW-type SFT
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Closed SFT

¢ BAKDIZOERIL ?
o MYV IRISE.
Non-polynomial closed SFT(ZEAR/RETE (FEMBEET D
cubic closed SFT : HIKKOR BFHIETNDIGH

[I.K.-Matsuo-Watanabe, I.K.-Matsuo]

OSp covariantizedh ...
DG E (L ?
HZIREDEFRTLSDOMDTLRLY,
AT -5
Green-Schwarz(-Brink) SFT (1983)
— Matrix string theory & D3t

[...,I.K.-Moriyama-Teraguchi, I.K.-Moriyama]




LCSFT and BMN

¢ pp-wave_tDOFM#HST —=SFT

[Spradlin-Volovich, Pankiewicz-Stefanski (2002),..., Pankiewicz(2003),... ]

¢+ AdS/CFTHILDERTIHHETNIC

¢ AdSc:xS°> (DPenrose limit: pp-wavelFze
+ BMN(Berenstein-Maldacena-Nastase)xd &

4 %7tN=4 SU(N) SYM®almost BPS operator

!

C pp-wave_L D85 IEimdDstring state
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pp-wave

pp-wavebFZe : 10D IIB SUGRADmMax. SUSY#Z

8 8
ds? —2dxtdx™ — p? Z:(:BI)Z(daz"')2 + Z(de)z,

F pdxt A (dx' A dx® A dx® A dx* + dx® A dx® A dx” A dx®) “—RR-flux

DOE=_FDGreen-SchwarzfEHZztHiES — > T=FAL

[Metzaev,Metzaev-Tseytlin(2003)]

+ free level COXIFRN4EDgeneratordDiERk
pt,pl gtl g9 gii' Qt, Qt  :kinematical
g s ). : dynamical
I=1,---,8 ¢3=1,2,3,4; i,aj, =5,6,7,8

bosonic 30&l. fermionic 324&
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LCSFT on pp-wave

o REZBEEIDXIDIC 3 AIEE/ERIEZEK
P O ey, |P_>7 |Q_>9 @_) ~ (-)|V)

prefactor

kinematical overlap

Spradlin-Volovich® & (FE DRI DR (REME) ©HD:
[P7) =p |V),|1Q7) =q"|V),|Q7) =7 |V)

[Di Vecchia-Petersen-Petrini-Russo-Tanzini(2003)]

(BMNXG/R EZE R D L) MRIEFEEMELWL?

i 1 A T
T 5(|P )sv + [P~ )D), - [Dobashi-Yoneya, Lee-Russo(2004)]




Strategy

flat, pp-waveldSdD K D —fi5DE = THDSFTDEK = Bz,
BN (CIREITF L AR)LTYOBDIEE UL,

flat, pp-wave®D#IHNSSFTMbuilding blockZzikEH L C.
R TR RO TS, —> [[EER] DREE

spin chaintRBI Tsu(2|2) RN EE R EEIZRIZ U,
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SU(2|2) 3R B DS E DM — S SFTOEA

pp-wave_EDSFT7% K DR (CHIR.
— g b DT EH




Contents

Introduction v
Review of GSB’s LCSFT (flat space)

Algebraic model for su(2|2) LCSFT
+ ansatz for pp-wave and solutions
¢ generalization, toy model I,II

Summary and Discussion



Review of GSB’s LCSFT

¢ Green-SchwarzF2I\EHEEST — = DA DREEE, Ed)=
:Bi(O'), V(o) pi(a)a A% (o)

v i,a [FZTNTNSOB)D 8., 8,

¢ E—FREM : 0] = 18 (6] = 10V
{Q:,Q,.} = ad™0pim, {Q5,Q,,} = @d*0nim

. ; 1 il ; ;
3’,'1'(0') =z 4+ Z _(a;ezna/lal e &:}e—zna/|a|)’
n#0 3
1 ) ¥ :
9% (o) = 9°¢ + Z _(n*QZezno‘/lal o 77Qie—fmoﬂoq)
n#0 4

n= eiﬂ'/4 *
1 . Pomeliul X - “ &5 z
= pt+ = E :(a;ezna/lal +&:le—1xn,o-/|a|) .
27| 25

{ﬁa,)\b} = 6ab

1 1 - A :
(Aa = Z (nQZezna/|a| 1% n*QZe—zna/|a|))
& 2 nF#0
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Overlapping

¢ 3 DDEKDIE SR .

T )L INERER

S(ar + as + a3)8%(z'® — @,V — @,2!@)§8(91® — @9V — @,94 )
o <a17 33(1), '19(1) | (az, 33(2), 19(2) | <a3, 58(3), 19(3) |V>

&

3-string interaction vertex
(kinematical’Xoverlap®EB53)
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On 3-string vertex

IRENVF(CKDHSDIRFER
V) = (2m)%0(a1 + a2 + Oﬂ3)58(177.i 3 pg sb pg)ds()\a’ SED T
xe% Z N'PS (a(""")z’ (s) _|_a(""")1~(_3) )+Z Nr (a('r) +a('r) )P a123 P2
II(r) —1 TS I(S) or ~II(r)
XeZQ nNTs —V2AY o 'nN"Q 0

—n

Pi=ouph — agpl, A® = 0udg — a2)®, QU = (@2, +771Q2,) 0138 = 0rozas

e Q123 < L(—noyi1/axr)en ™/ 3
NS o— N™N®. N" — oy =« To = o, log |a
i ar/n % as/m n-'m? n aTn!I‘(]_ ) n(l + a.,._|_1/ar))’ ( 4 1)7 0 1;1 ™ gl 'r|

CNZRAWT 01 ~ ot CEARNICGFHMI D L...

AP () |V) ~ ] Ye|v)

Am|a123|1/2|01 —0Cint |1/

3

a a 123 - — NTT T)a * ~(7r)a
Y2 =A% — S artaNL @) + 17 QY))
n=1

2 r=1 n—=
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Algebra and prefactors

o SUSYRREX:  {Q% Q°} = {Q% Q°} = 2H&%, {Q% Q°} =0

ABEYDLDCIREEEREERDD :

2*1Q% + ¢°1Q%) = ¢*|Q%) + ¢°|Q%) = 26°°|H), ¢*|Q") + ¢°|Q%) = 0
&

Green-Schwarz-Brink DT, (DRFERMR) [I.K.-Moriyama(2006)])
|H) = X*X7 [cosh Y]ij|V),
|Qa’> ==V —(1123fi [sinh Y] C.m.’l‘/v>,
|éd> = i\/ —a123Xi [sinh Y] za|V>
> *vazLa fy“:<0 ﬁ/fa):(ﬂ 72@)
Y 7 AV aarrerid) Y 0/ Halg 0 s
fig®, WSl aeritnqd o XE5 ] g%, Aroqiasions i o
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On the prefactors

o 3WAEFAEOBRER: V) Y°, X, X

AT |cg‘:">=(X"[f(x.{)]“f+fi[f(zf)]:?)|V>,
Q%) = ([g(N)]** X" + [g(¥)]* X*)|V)

‘ SUSY{XEL%Z up to level matching condition CER 9

@%) = (fff sinh Y]+ X* X + o X ) V) = (FoX'[sinb ¥4 + q*iv/=anza(fi + Frudo* () ) V)
|éd> =3 (go[SinhY]aiXi R [§1Y -+ %Q}Xﬂ] XV’) V) = (QO[SinhY]MXi + ¢*vV—ai123(g1 + §7y358(Y))) V)

|H) = (\/%mgoxin [coshY ]9 + hv/—o23(g1 + y3§758(Y))> V)

[Lee-Russo(2004), Dobashi-1.K.-Moriyama (unpublished)]
DED GSB part + “trivial” part DF(CIRD,

S [¢, X] ~ 8Y, [§,X]~0Y TEEN3
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Algebraic model (1)

¢ superalgebra psu(2/2) x R*

3 '-‘ 1 6" lo"
B (0°.,0%) = eFPeun,
| {Qaaa Q'Bb} EO‘{'Beab’]—ta

3. {Qaaa éﬂb} e e(J['8€(1,07?’cb + eabﬁa*yeﬂy'g + ecltﬂeab-/\/"
-\ J
3 ; «,3,---=1,2; a,b,.--=1,2
p [Eaﬁa £75] %(%Yﬁaa e 5?‘673)9 (LE) 2P =" (Le)P e Try=l)
k 9 [Raby Rcd] = _Z((ngad Sl 5;72,013). (GR)ab £ (ER)ba & TrR =0

E 3 . " % | . i i
" y [Ea,B’ Q‘Yc] T Z(égQac s Eéngc)a [La,Ba Q‘Yc] = Z(deac g §6gQ7c)7
£k 1 % SR S 1 o <
A [Rabv Q’Yc] = _Z((sc Q’Yb e 555 Q70)7 [R bs Qﬁyc] = —z(6c prb wE Edb Qﬁyc)'

15




Algebraic model (2)

¢ Expansion of generators
o= Jk g it e

J — |J) : 3-string interaction vertex T&RS113

\

>
& q%a|QPb) + dPu|Q%) = €*Peqp|H),
Q%) + §b|Q%.) = €*Peqy|H),

¢ Q°) + GP|Q%.) = €*Peqp|N). )

LY =1%3, R% =r% :kinematicalTér3d LIRIE.
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Ansatz (1)

+ Building blocks for |H), |H), |[N), |Q%.), |Q%4)

|V> . kinematical overlap ~ s%XDiEHEEFE R T T )L NEER

Yai)? Ylalé’ Xal}? Xai)? Xlalé, XlaB? Waiﬁ Wai)? W/a’é, W,a,é
. prefactorOiBRE®R (o, ,a,a,---=1,2)

¢ Commutation relations (assumptions) :
{a%a, Yﬁi)} 2 _Eﬁa(ex)ai), {a%a, Y,bﬁ'} R 52X,a,3"
[qaaaxbb] — 52Wa69 [qaavX,Bﬁ'] = _eﬁa(ewl)aﬁ'v

——

= i
[9%a, X°5] = - lafas X Ol =ipe o b

g« EDORIREFRTREEK
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Note on indices

SO(8) — SO(4) x SO(4)
SU((2) x SU(2) x SU(2) x SU(2)
o & a a
8 — (1,1,2,2) 4+ (2,2,1,1)
X — X%,X'%4

—~—

Sl | e B

GSB’s SFT(flat)

8B (2] 10 2018 282 1)
Ya, Cant N Yad,yY/ad

aYa o). Wac'nW,ad

5Ya A Wad, ﬁ//—lad

8. — (2,1,2,1)+ (1,2,1,2)

¢° — g% (, ¢°%)
by e

q T qaa (7 Ejdd)
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Ansatz (2)

¢ assumptions:
@%alV) = Z[(YX)% + (XY)%]V), @lV) = =S (¥ D)% + (XY)2] V).

¢ anti-chiral ansatz:

|Qaa> e Z qnm(Ynxylm)a 4e qmn(YmX Y/n)a |V>,

¢ chiral ansatz:

{ J
Q%= 35 { G (EPX VIR oot @, (VRO VE 0
Q%) = { pan (X XY T SE p LV A VA

{ J

ﬁnm(Yan/m)aa _l_ﬁ:nn YmX Y/n)a |V>

CCCHllE n=1,3; m=0,2,4.
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Solution (anti-chiral)

0*a|Q%) + ¢°4|Q%a) = €*Peay|H)  ZfR &
o>, = %ql{n* [(sinh?)f(cosh?’)}aa + n[(cosh?)f’(sinh?’)}aa}|V),
| 1 1 4 ’4
|H) = —ql{E[TrY — TrY’4]

2
+ TrX coshY X coshY’ — iTrsinhY X sinh Y’ X’

+ TrcoshY X’ coshY’X’ + iTrX sinh Y X’ sinh?’}|V}.
NI & Vi Y’l’], Y/ — Y’ *, (,'7 = e'1371-/4)
&“al@’b) 5 Gﬁb|éaa) — eaﬁeab|ﬁ) DOREBREIIR(ICRED.

[Pankiewicz(2003)](C KB pp-wave t DSFTOEE/ERIEDOH. ZHBIR |
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On consistency

¢ 3%.|QP) + 3Pb|Q%) = e*Pen|N) DD HZETE T D E
qaa|éﬂb> + ¢%|Q%s) = %[Ejlh oo qlfz} (coshY €)*P(ecoshY')pa|V)

2

%% q1 = q1 &I 1ULup to level matching condition:
h—h=0 TREEFHKI. CDEE |[N)=0

ZZC h, h [FHamiltonianDfree part:

1 12 1 e £
h = Zeabeaﬁ{qaaa qﬁb}v = Zeabeaﬂ{qacw qIBb}




Solution (chiral)

g%a|Q%) + @°6|Q%) = €*Pen|HY =R &
Q%) = q%a|W), |H) = h|W)

E AL (Pl * P> myys = %TI'Y"" + %Try‘lTrYﬂl) V)

Dk
G%alQPs) + G%|Q%) = €™Penp|H) OREAKECKES.
0%|Q%) + 3%5|Q%) = €*Peas|NY  (CDWV\TIR

EFTDZEICKD. uptolevel matching projection:
TREUIREIL, “DeFE |[N) =0

W) = |W)
h—h=0
[Di Vecchia et al.(2003)](C Kk Bpp-wave Lt DSFTOMHRBERIEORZET.
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On “SUGRA” limit

o SORBITOREEDIRE (...

3(/“& — 0, e 3(/'“@ =X : left moving = right moving
Wai) = Wab = W’a"é = ﬁ//m’[; =0 . zero mode’i%‘i@b\
chEE |H) =|H)ac. + |H)c. ~ O((YorY'))|V)

ZEE I D EFZRRUTHIPEN DL T

Lk _ Tqa
P1 =11q1, PpP7 = (41)2
flatdD & EDLC SUGRA

[Green-Schwarz]

=2 %X“ﬂ“ —chargeb\“lz“lzl :
|H) ~ O(Y*)|V)
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On generalization (1)

¢ pp-wavedk D BE—REDsu(2|2)M TNt Z B OB =R
HEICEITT

q%a|V), @%a|V),

[9%a X7%), [0% Xl 6% X0, [§%a Xg]
ansatzz— it UK Do

grdY =0, grdX = —grdf: 1/2, grdW = —grdﬁvf =5
dimY =0, dimX =dimX =1/2, dimW = dimW = 1.

E U, gradeZ{RBE73H Sdimension(CE U CRER
‘ REXDconsistency N SR Z REDTLIL
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On generalization (2)

¢ Grade &dimension: Y,Y’

¢ consistency:
{[qaaa ch']a qu} S {qaaa [qﬂba Xcé]} = Eaﬁeab[ha Xcé]a
{qaaa qﬂb}l‘/) — eaﬂeabhlv>’ {qaaa CYBb}IV) = ea'aeabnlv>9




Generalized ansatz (1)

aalV) = ZUVX)%a + (XF)]VY, GalV) = —2 [0 T + (FV)ZIV).

D—H%4E (up to dim=1/2)

qaa|v> Z{'Unm(YnXY,m)aa 1 v;nn(YmX/Yln)aa}l‘/)

n,m

Elvaal‘/) Z{'Enm(Yan/Y,m)aa s 6;1n(me,Y,n)aa}|V>

n,m

CCTHIE n=1,3; m=0,2,4.

27



Generalized ansatz (2)

Y 32@5’51% [qaa’Xbb] =5 E(SZYOL&? [qaa?X,IBB]

(up to dim 1, grd=0)

(Y )ap D—HHE

[GF 2 Xbi,] = U153Yaj, ar ”253(Y3)a1; an USYag(Y'Z)ba 7 ”453Ya5(yl4)cc + v5(Y3)* I;(le)ba i ﬂ653(ys)ag(yl4)cc - U7Ya;,(XX)ba

+vgY"i)(XX)ba + ’Ug(YXE)ab(éX)ab +v10(Y X)® aXbi] + vu(YX'e)ab(eX)ab +v1(Y X) aXbb + v13(Y3)e E(XX)ba
Fo1a(Y3)* (X X)P, 4+ v15(Y3Xe) P (eX) y + v16(Y2X)* , XP; + 017 (Y X €)* (X) 5 + 015 (VP X)* X,
197 % (V) (X X)°, + vaoY % (X XY ), + v Y (Y2XX), + 030V (X XY )P, + 093V (Y2XX),
Fu24(YXX)*,(Y2)?, + 0a5 (Y XY )% X8, + 026 (VXY %) (eX) ,j, + v2r(Y X X)¥, (Y')°, + vas(Y XY )2 X,

029 (Y XY 2€)°P(€X) . + v30(Y X)* ,(Y2X)?; + 031 (Y X€)* (Y2 X) j + v32(Y X)™ o (Y2 X)?, + v33(Y Xe)* (V2 X) 5

oY 4 (XX)? (V) + 035 Y% (X X), (V™) + v36(Y X€)*P(€X) 15 (V™) + var (Y X)* , X°, (Y74,
+uss (Y X€)*P(€X) i (Y4)° + 030 (Y X)¥ . X7 (V)% + vao(Y3)?  (V72)? (X X)S, + var (V3)* (X XY2)P,

~¥U42()/3)o¢ }}(Y,QXX)ba L U43(y3)ai7(XXy/2)ba e ’U44(Y3)ai)(Y(2XX)ba e ’U45(Y3X)~()ai)(yl2)ba ar U46(Y3XY,2)aaXbi7

o (YIXY2€)* (X)), + vas (VX X)*, (Y2)P, + vag (YO XY')* X, + 050 (YEXY2€)*P (X)), + v51 (Y2 X)* , (Y2 X)",

+v52(Y3Xe)°‘b(eY'2)~()ai7 +us3(Y3X)* (Y2 X)®, + vsa(Y3Xe) (Y2 X)), + vs5(Y2)* (X X)), (Y™4)°,
Fus6(Y3)? (X X)P,(Y™)°, + 57 (Y2 X €)* (€X) 13 (Y74 + vsa(Y2X) Y X°5 (Y4)°, + 050 (Y3 X €) 2 (€X) 15 (Y™)°,

+ugo X)“ XP (V™) + v V08 (XX 5+ w62 (X X'Y)* 108 + g3 (X7 X'Y) 108 + wea (Y3)* 05 (X' X

s (X' X'Y3)*, 88 + v66(X' XY )% 188 + vgr V4 (V2)0 (XX 5 + 065V 05(X'X")P f(V4)°, + veo (X' X'Y)* 88 (V)<

(v?

b

(

Horo(X/X'Y)* 80 (V)% +onn (Y2) (Y 2) o (X' XN 5+ vra(V)% 100X/ X')P 5 (Y)° + ora (X' X'Y)® 0 (Y7)°,

+ona(X'X'Y3)* 60V ")°, + vrs (XY '€)* (€X) 4 + 076 (X'Y)* (X0 + vrr (XY €)% (eX) o + vra(X'Y)*  X°

+urg (XY €)™ (eX) 4y + vso(X'Y")*  XP | 4081 (XY ) (X)), + vsa(X'Y"2)* X ; +vs3(X'Y' ) (eX) 5(Y*)’
(XY X (V) 5+ vas(X'Y e )“”(eX) (V) 5+ 0sa(X'Y)* X (V) 5+ vsr (XY P) ™ (eX) (V)

+v88(X’Y'3) X (¥ 5+ vso( XY 2e)0(eX) 5 (V) 5 4+ v00(XTY %)%  X° (V) 5+ 091 (Y2X'Y'€)*¥(eX) 5

oo (Y2 X'Y')* ,XP ¢ + vos(X'Y'€)* (eXY?) 1 + voa(X'Y)* (XY 2)? ; +v95(Y2XY'€)*"(X) 5 + vos (Y X'Y)* X"

+vg7(X'Y'e )a"(exﬂ)ab + voa(X'Y")® ((XY?)® ) + 009 (Y2X'YB6)* (€X) 5 + v100(Y2X'Y)* X,

101 (XY Be)(€XY?) ; + v102(X'Y)* (XY | +0103(Y2XY€)* (eX) 5 + v104 (Y2 X! Y’3)°‘aXbB

+0105 (XY B€) 0 (eXY?) ,; + v106(XY®)* (XY,

+vgyq

b

28
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[qaaa X,'B[-']]

(EDVWTERERIC1061E,

Mathematica’ F3U\ Cconsistency
ZERL CTLIL...
LML, —f%(C(3KEHE.




Toy model |

sgpFEToss 1 oV) = Z{”nm(Y"XY’m)aa-l-v,'nn(YmX'Y’")aa}|V>
V) = 3 Bam@ XY™, 7, (XY™ Y)

n,m

EUTEHE. consistency s
/ / / =3
V12 = V32 = V14 = Vg = Vyg = Uy = V12

e / ~ e 2 N
Vogg = Vggs Uz = Vygs V34 + Uyg = V34 + V43 = 0,

S = el =7, g A
= V32 = V34 = Vg = Vg = VUyq = 0,
V30 =— V30y V34 — V34,
ETRD [anti-chiral]l 7282 (3D UERZZ1TT

Q%) = sa{n [(smhY)X(cosh ¥ —5'¥")]% + n[(cosh ¥ + 8¥*) X sinh 7], }|V'),

fere ey

|H> qu{ﬁ ['I‘r Y4(1 — (6’/2)’]:‘1- Yl4) T Yl4(1 P (’3/2)']:‘1‘ Y4)]
+Tr X(coshY — 5Y*) X (coshY’ — 3'Y"*) — iTr sinh Y X sinh Y’ X’
+Tr (coshY + 3Y*) X' (coshY’ + 3'Y’4) X’ + iTr X sinh Y X’ sinh Y’

—b(TrXY*XY"* + Tr Y X'Y"* X ’)}|V>
(0 = v30/2, V' = v33/2, b=vsa/d= —Vy3/4)

[ chiral] 72#% (37t &R UREO#




Toy model Il

o q%.|V), q%a|V): tEE U TR Z Up to dim 1 Teonsistent(CZEHZ

s 7 g ; : S A
i S e —E(Ye)baeab + yo3 [(Y3€)* €ab + 2i(Y €)**(eX X)ap + 4i(Y X)*o X0%),

[afa, X P l= %eﬁa(eY')aﬁ — Yao [P (€Y "?) s + 2i( X' X" €)P (€Y ) o5 + 4i( XY ), X P 5]

[Ejaa’Xi)b]’ [aaa’X,BB] Elﬁlﬁ\ EEL/ Yosz = g037 y,‘,30 = 37:/30-

TDESup to dim ITREEBLT |Q%), |Q%) FEFFIERURET

A Lo~ [

1 1 1
- Try™ (1 & —TrY’4) ! Ty’ (1 3 —'I‘rY4)] V).
5 qi [y03 48 + Y30 48 | >

EITEREND.




Summary

su(2|2)XI¥4E%EEDOHE= COLCSFTOEM (CEFIRE =

e

pp-waveDIZE DR =GR (CHEIR U,
+ anti-chiral&b4% (ZPankiewiczD 3%t E/ERRIEDHZ .
+ chiral&b4>(EDi Vecchia et al.D35% B BEVERIEDO—A%{E I it

“SUGRA”#RPE CTanti-chiralgls> & chiralZB3 DEEFZR N DL,

(ansatzAE UL KD —f%DE =R TDLCSFTDOHEEBEE
RIEZdim.[CET 3EMICKD REENICHEBR TE D,

—R%{EDEALKRFI(toy model I,INDETER Uz,




Discussion

pp-wave A9+ T DansatzD1E ZHAL, ?
¢ Building block DE{KXHZ
¢ ENSDMREER

Toy model |, IICXI ST DE=IL ?
BIDERICHIET D ¢%IV), 0% X%, 4%, XP5] -
EREE BT AR ?

AdS/CFT (BMN) X LD —HfZ{E\DIGHA ?

LCSFTD XK D EROMEEERIAC DL T ?




