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2 membrane and its regularization
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2.2 matrix regularization:genaral discussion
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2.3 matrix regularization:lightcone membrane action
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000000000 (Diracpart 000 ) 00000000000 OO0OOOO

Sp = —T/df’“m/—M (2.111)
My, = 4T 7, (2.112)
M = det(M,) (2.113)
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000000 1100000000 membrane0 000000000 (DODOOOODOOOO
0000000000000 target space0 00000000000 0O0O)O

#(bosons) =11 — (2+1) =8 (2.114)
# (fermions) = N x 32 x % = 16N (2.115)

O00OONDOsuperspace 0 0000000000000 OO0OOOOOOOOOO (OOO
0)000000000000000O00000O000O0O0ON =100000000000
Oo0ooooooooooooooooooooooo

000000000000 00000O0Wess-ZuminoWZ)OOOOOOOOOOOOOO
000000000 Osuperspace 010000000000 SUSYODOO Oexact (p+ 2)-form
hipo) = dbpy0 0000000 (p+1)-formby00000000000O0O000O00O0O
00000000000 000 (2.146)

1

5bm+u=£E;quﬁdZ”@+2~-dZ”56Z”“hkhn%@+2 (2.116)
0000 (00 = 0000000000000000000)0
d(6bys1)) = ﬁdﬂm e (52 Dyt ) (2.117)
Z(pinﬂzm”~%MMW®TmMmmmﬁ
+(—)M”M”G;%ﬂﬂZ%”%~dZMWZM%ZM®MmMMh4@H (2.118)
:(pimmw+2mz%wonmezmmMpmﬂ)
+(—N“%“M”“dZMﬂ@~-¢ZM%&ﬂﬁ52M%uﬁhMMmeﬂaﬁ (2.119)
= Shyp o (2.120)

000000000 dh=0000000000006hy49 =0000000 62000
bp+yOOOO0OO00D0000000000O00000000000000 *bpy00dooo

SWZN/*b[p-I-l} (2.121)

00000000000000000SUSYODOO0000000000000000000
0 hp00000000000000000N =100000000000 target space
000000000000000000000000000000 T000000000
O Ohpia bpey0 V-MOOODOODODOOOOD0OO0O0O0O000O0O[I#] =-1,[° =
~1/2,[V/-M]=—-(p+1) 00000000 (p+2)-formO O

(_)p+1

2! p!
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DDDdH“zidEF”dGDDDDDDDDh[erz}D exact UOUODODOOOOOO

dor* df T ...\, d0 = 0 (2.123)
0000d*0 fermionic 1-form0000000000000000
(Fulp)(aﬂ(rul---#pp)vﬁ) =0 (2.124)

googoobooooooboobprPUbbbbO0OobObbOobOobbbOO0ObLOobLDbODDbDOn
U0 wPOOO0O0OO0ODOOOOO0OOODLDDOOO
a0 0000000DO0DO00O0DOODOO00O0O0OO0

0= (") ag(Tirppp)ys + (T )36 (Tusopsy ) as
+ 2(Fm)a(7(Fu1---up)5)ﬁ + 2(Fm)ﬂ(7(Fu1---up)5)a (2.125)

00000000000000000000000000((,)*00000

0 =tr(L, I, e, )ye + tr(Du L, ) (T 15
+ 4(T™ FVFM---M;D)(W) (2.126)

O000 appendix ADOOOOOOODOOOO

tr(L,TH) = 26", - trP (2.127)
ATy, = (d—p+ 1)y, (2.128)
PUT, Ty, = —(d—p = 1) (Coppy + (0 — Do Tpigosy]) (2.129)

000000000 (p—2) 0000000000000 ODOOOODOOOOCOOOODOO
ggbboooobboooboboboobbobaob b

0= (trP —Ad—p— 1))r,,ﬂ2...”p + (0, Ty )T (2.130)

goooboboobbobdp=1000p2>200000000
p=100000000000

000000000000 d 3 4 5 6 7 8 9 10 11
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p>2000000p+1<d00000000 T 5
000000000Oo 00O 5

P 9

d—(p+1)=— (2.132) O

1 8
0000000000 (d,p)000 p=10000 7 O
000000000000 6 1O
00000000000 (21249)000000 b O
0000000000000000 (120)00 4 1010
00D0000[QO0000D00N00N0N0Non 3 1O

0 (2124000000000000000000 |d/p]1]2]3]4]5]
00000 WZDOOOOOO (d,p)0000000
00000000

00000 dhypyg =000 (p + 2)-form hy o
0D000D0000000000000 (p+1)-
form0 by, 00000000000000000

02 wWzZzO00Ooooooooooo
O00OAN=10000000

bips1) = W(idgrm---nﬂ)

P
> Z(_)r-i—l (fii) TI#» .. .Hurﬂ(idgr\urg) . (idf_)F“l 9) (2‘133)

r=0

goobodgboogbboboouogobboogoo

tp+1

1 _
bur-apir = 5004 ,0)

p

X 3 (=) (P ) Te - TTE (i, 0T 0) - - - (i0,, 014 0) (2.134)

Qr41
r=0
doodoooooooooooooo

S = —T/d”“a (\/—M +

2¢
Grliptlh L 2.135
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guoddcubgugooboooubbobbouoggbbobooboobbboooobb
gdg

X" =i+ 60 = —idhT+ 0 (2.136)

O0O00booboOoOon Howe-Tucker HO OO DOOODO
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(p+1)!

T
Sur = D) / "o <\/—_9 (gabMab - (- 1)) + 6almaerlbal---ap+1> (2.137)
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000000000006¢000

0S
O0gasp—— =10 2.138
gabégab ( )
O0oooouoboobouobobobooooboobo0ooooooODbiracO00O00OOOoOOO
Oo0oowzOOOoOUOooooooooooono h[p+2}:db[p+1]DDDDDDDDDDD

god
1

byps1] = —— 1P+ TT0 Dy, 2.139
[p+1] (p+1)[ IiIpp ( )

1
=0t 1)!dZMP+1 e dZMngy (2.140)

_ 1 Ipio I

h[p+2} — mn vt H hIl"'Ierz (2141)

1
=0t 2)!dZMP+2 e dZ™ gty (2.142)
(2.143)

0000 0Ohpye =dbpy000
hMl...Mp+2 = (p + Q)a[Mle2...Mp+2} (2144)
= Oy bty s + (_)(\Ml || M |+1)8M2bM1---Mp+2

+ ( remaining (p — 1) terms) (2.145)

00000000 oM|IODM=p0O00OM=a0010000000000000000

006, 000000000000
1

Sbpp1) = deMw s dZM Sbag, i,
p+1

1 Mp41 M; M,
+mZdZ Hed(6ZMY) - dZM by,
=1

p+1

1

= e 1)!dZMp+2 .. 'dZM25ZM13Mle2...MP+2
- ﬁ(p +1)dZM - dZ M5 2N A2 D, bar, aay vty
= ﬁdzﬂ%m e dZ M2 s 7 M
X | Oaty Ontyonaypy + (=) DG bas pg g, + (remainig (p — 1) terms)]
=0 i 1)!dZMP+2 e dZM6 ZM By, (2.146)
=% i 1)!H1p+2 (02 ey Vb (2.147)
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00 =0000000000000000000000000000A,4q0 000000
gobobuouoooboogooboo

(_)p+1
h[p+2] = TR HﬂHaHltp e hm---upa,@ (2.148)
' p:
goobooooboood
P --ppop = i(_)pH(Fm---up)aﬂ (2.149)

D000000000000D0000 6ZMe,,»000000
§ZMe,, 6" = 6 XH 4+ idTH9 =0 (2.150)

0000000000000000000 (000000000000000000)0000
bpsy 0000 O

1 _
5b[p+1] = E(iéel“m...upe)l'[“? I (2.151)

0000 Oworld volume O 00000 dbpyy 00000

0baapsy = (P + 1)i00T ;o O, OTLG2 - - TT (2.152)

O00000000D000000
. n a c 1 ai--a 1

6Sur = 20T / d" o/ —g0 <g "Ti“T, — N eI - - TIL Fﬂl...up> 0 (2.153)

— %T / o /=80 (g“bf‘a _ %g“’T,I) 0,0 (2.154)

— 2T / d"+o\ /g0 (1 . gr) 8,0 (2.155)

oooooooo
r, =0T, (2.156)
re_ bt K apap, Ly (2.157)
b+ 11 V=M .

O0000kKkO0T?=10000000000000p=1,200000 k=1000000
gooodgbbbodoogod

{Fa, T} = 2ga (2.158)

=1 (2.159)

trl = 0 (2.160)
ko1

g"T, T :Hﬁeal"'QPbFal...QP (2.161)
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O000O0oO0rooobo0 £10b00o0booboooobobboobboogésSygroboD
c=xk000000

50 (1 - %F) —0 (2.162)

00000000000 06Skr =0000000000000000*00000 (target
space0 00000000 )k(e) 0000000

50 = (1+%(—)7@+”§”2)F) k(o) (2.163)
000000000000 d=11,p = 2(membrane) 0 000000000 Ok=1,c=10

oooao
50 = (1+7T) k(o) (2.164)

OO0Oooroobo00 41 000000000000 0 3200000000 1600000
gobobgboobbbbtbolegbobudodbooubbobboodo
000000000000 (2.132)000

U000 Ok-symmetry 000000000 OO0 |loooooo o000
gobOoooboobooobooooobob XH d p+1 d—(p+1)
godobbiboOobobbd target space U g || trP %trP itrp

00000 Oworld volume OO 0O SUSY O
gobbodooooouoooobooobo
0000000 0Ok-symmetry O O 00O membrane [ [J

- _ 1- _
S=-T / d’o [\/—M — 7;56‘“’09@,,8@9 <H§jng + {11407 0,0 — 0T 0 er”ace)] (2.165)

goobooaoo

2.5 supermembrane and its matrix regularization

O0000 Osupermembrane 0 00 0000000000 OOODODOOO0OOOODOO
OO000b0o0oboboooooooobooooooAPDOOODDOOODOOOODOODO
gogodgbougbbbubuouobboobouoobbooooboooobbobo
gobbogboooubogoogubobboooooibd k-symmetry U DO O OOO
goouboboudud ssymmetry U0 D DOO0O0OO

I =0 (2.166)

appendix A 0 supermembrane 0000 0000000000000 =(%,)0000

g =273/ (g) (2.167)
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_ r-9,0 = —L100,0 if u=—
ArH9,0 = : s (2.168)
0 otherwise
_ O ;0,0 = L070,0 ifpu=+,v=1i
0L,0.0 =4 277 T BRE = (2.169)
0 otherwise
O000000000000Xt=¢"0000000
T o
A%T:_g/d%pﬁ@@@Mm—n—k”axwvaﬂ (2.170)
00000000000000000000000000000000000
1/ P\ 1 o 1.
=Tnw | = — X" XTIV i —0y X", 0 2.171
=T |5 () + g (X XY il (X', 6) 2.171)
0000D0000000000000
oooo : 0—{Xi}ﬁ}+j{99} (2.172)
o " Trw 257 '
+000000 @ P =Tnw (2.173)
1
000000 : {f,g}=—€°0.f 09 (2.174)
w

000000000000 (006 00000)APDOOOOODOOOOODOOOOO
gogooogn

S:i/&amegu%Xﬁﬁ—ﬁFLWrXQQ—%M%G—%f¢{xﬂw» (2.175)
Dof £00f + %{Ao, f} (2.176)

0000000 APDOOOO
&Xi:-—%{a@ﬂ)rXi} (2.177)
50 = —%{a(a“),@} (2.178)
54y = dya(o”) — %{a(a“),Ao} (2.179)

00000000000000000000000000000000070

1 ; 1 S ' 1
SMmr = 27TT/dT tr <§(D0X1)2 + 1 [XZ’X]]2 _ %QDOG — 5971 [Xz,9]> (2.180)

DoF = 0yF — i Ag, F|] (2.181)

rlp=10000000000
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00000000 membraneaction0 JODOO0O0O0O0OOO00OOODOOO0OOO k-symmetry
0000000000000 00000 (2.104)0 e0000 16000000000

00 =ely (2.182)
6X'=0 (2.183)
549 =0 (2.184)

0000000000000 SO(MO0000 (000000)000000000000
0000000 (210400 160000000000000000000000 k-symmetry
0D000000000000000000 (membrane000000000) 400000
0000000000000000000000 (9+1)000000 U(N)00-0000
00 (0+1)00000000000000000000000000000000000
appendix C0 000000 (9+1)000000 U(N)0O0-00000000

1 1 —
Ssymy, = ——5— dw1:<ZELMFW”+—%AF”LMA> (2.185)

2
9vym

000000000000000000000000000 A0 410000000000
00000000 MA=())000 (0+1)0000000000000
S —-l/dtlu)AV+J[Am4f iADA+1Aip$A] (2.186)
SY1\/11—g2 5 (oA PR 5 M0 27 i .
D000A,=X,A=000000000000 S\y0O000O000D0000000000
0ooo

5 Ay = i€ (2.187)
60X = —iev'd (2.188)
50 = (iDoXll——%[XﬂrXJ]7”>e (2.189)
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e JODOODOOODLDOUDLDOODODODLDODLD NDODOODODODDODODD
gogbooogobbbbooodobouobobobobobbooooooboboa

e 10D DOOODODOODODODNO supermembrane J 00000000 320000000
ggboNDbObOUOooobbotooobbbbobooooooobo

e 000000000 (9+1)000000 U(N)OO-000000 (0+1)000000
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3 IIB matrix model

IIB matrix model(0 0 IIBMM) 0 000000000000 (IKKT))2]0000000
00000000000000000000000000000000000
000000000000000

1.IIBMMOOOO typellBOODOUODOOODOODOODOODODOOODOOODOO
200000000 o0BpSOO0O0DOOODDODODOOOODOOOODOODODODOOD
3. 00000000 boooobobbuooubobboon

gooooinBMMOOooobooooobboobobboooobbooboooooobo
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00000000000 0000000000000 (DO00)OoooooooooooOd
googliBMMOOOOOOOODOoOoooooooooo
IIBMMOOOOODOOOODOOOD100000 MN=2000000000000000
gobodbdoobbboooooouboobob oo coobbboboobbn
oobooooobooogoooboboboobooooboooobobobobb400000
gbgogbuogboooodiogbououoouoooooooobbobobbooooon
gboboogbbbobbodgoubobobbooobobooooboobbobooobobbn
oooobdobooboooooboobobooboboboooboonBMMOOOODOO
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OO00ooooIBOOOOO0OOO0O0ODOO0O0O0O0ODLDO0O0O0OO D-brane 00O O BPS
gbodgbobddgbobogbuobboubobobuogbooobboboboooooo o
Dil-brane 0 anti-Dl-brane(00 D10 00)0000000000000O000OOO0O0O
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3.1 matrix regularization of IIB superstring

O000IBOOOOOO SchildOODO [10)]00000000O00ODOOO IBMMOOO
O00D00O0OD0ODOD0OD0ODODOODbO0D0DOO Green-Schwarz O T1B superstring D 000 O O
O000000 appendix DOOODOOOOOOOOOOO

Sus = =T / dQU[\/—M +i€®0, X" (0'T,0,0" + 0°T,0,6%)

+ €P0' T 0,0 0°T ,0,0° (3.1)
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o000
M = det(M,p) = det(I111;7,,) (3.2)
" = 0,X* — i (0'T,0,0" — 0°T ,0,67) (3.3)

000000000000 (target spaced ) N =2 SUSY O Oworld volume 00 00 OO
U000 k-symmetry OO0

6SUSY91 == 61 (34)
Ssusyl” = €
Ssusy X = i(elTH0" — e2T"9?) (3.6)
- 1 ~
608 =o' =(1+T)k = 5(F + 1)K’ (3.7)
~ 1 -~
607 =0’ =(1+1)k = 5(r —1)# (3.8)
5, XF = —i(alT"9" — a2T"6?) (3.9)

D00 20 000000000000 =2I«0000000000006s00000
DDDDDDDf‘DDDDDDDDDDDDDDDDDD(DD 'O appendix D OO 'O
O0000oooo)d

- 1
= Weabngngrw (3.10)
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trl =0 (3.12)
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0Dx000000000000
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28



ggdgdbbooboouaoobogbobbobbobbobuodguoboboobbbdoboo
ggbgoupooobogobuogbbbboobogbboooubuoooobooooboob
ooo00O0o00o0oooooOoooooAPDOOOOOOOOOOOOOOD /gOOOO
ggbbuoodobogoubooooboobobbbuoooboobobbboooobobboo
oooooo APDODOOOOOOOOgOOOOOOOOOOO0O00O0O00000000
guogoooon

V9 =nw(o) (3.27)
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3.2 interaction between BPS objects
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4 lightcone string field theory from IIB matrix model
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5 dynamical generation of space-time
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with loop disconnected maximal tree
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5.2 statistical mechanics of branched polymer
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5.2.2 branched polymer and its Hausdorff dimension
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6 conclusion
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A notation

A.1 miscellaneous
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A.2 spinor of SO(10,1) or SO(9,1)
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A.4.2 SU(2)
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B how to deal with complex spinor
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C super Yang-Mills in (941)dim
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D superstring action with /' = 2 SUSY and k-symmetry
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E matrix regularization on two-torus
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