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Extended objects = minimal surfaces in Minkowski space

Motivation: Theory of Everything, String Theory, M-theory, dimensionally
reduced Yang-Mills theory

Problems : exact solvability, non-linearity, quantisation of systems with
infinitely many degrees of freedom

Supersymmetric Matrix Models: continuous spectrum and embedded
eigenvalues
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Extended objects

Let us consider an M-dimensional compact orientable manifold ¥ moving in
Minkowski space R1'P. The world-volume is given by

S[x] = - - VGdV . (1.1)

o v, a=0,1,.... M - local coordinates on S

o x*(% !, ...,©M) - embedding functions, u = 0,1, ..., D
o G = det[Gup], Gapg := Oux"0sX" N
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Extended objects

Let us consider an M-dimensional compact orientable manifold ¥ moving in
Minkowski space R1'P. The world-volume is given by

S[x] = - - VGdV . (1.1)

o v, a=0,1,.... M - local coordinates on S
o x*(% !, ...,©M) - embedding functions, u = 0,1, ..., D
o G = det[Gup], Gapg := Oux"0sX" N

oS «a
5=0= %&X\/EG Bagx“:O, w=20,...D

Ax* =0, vanishing mean curvature

(KTH) Optimized Fock space May 10, 2016 3 /40



Extended objects: light-cone formulation

Light-cone variables

T = . C=x"—xP, (1.2)

Diffeomorphism invariance of S allows to set ¢° = 7 and
Gor=0, r=1,..,D—1=:d (light-cone gauge)

20— 0
Ga5=< 0 —grs>

Light-cone Hamiltonian

L 1 2 4
H_[7,B.Co, Ps]i=P.= —— | P8 gMy, o — det(gs)  (1.3)
2P, p

polynomial of order 2M!
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Extended objects: light-cone formulation, M=2

Lorentz-invariant mass squared for membranes (M = 2)

M7 := P'P, =2P_P, — P?
P

p —,
:/Z *‘FEZ{X/';XJ}Z d2<p_P27

P ioj
where {.,.}s denotes the Poisson bracket on ¥

—€ -
p o dp? 0P

{Xl'axj}): =
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Mode expansion

Expand the 'internal’ phase-space variables into Fourier series
Xi(#) = Xia Ya(®) Pi(#) = pia Yalp), (1.7)
{Ya}22 eigenfunctions of A

1
M?j = PiaPia + Egaﬁ'yga,@”y’xiﬁxi,@’){jvxj'y’a (18)

where g5, = i Ygeabﬁa Yaavad%p are the structure constants of the Lie
algebra of VPD on ¥ generating reparametrisations of ¥,

{Xia, Pjg}Ps = 6ij0ap, (1.9)

constraints
¢o¢ ‘= BapyXigPiy = 07 (1'10)
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Matrix regularization

Let N, /oo, iy WO n=1,2,...
Let T,: C*®(X) —» M(N, x N,) such that lim,_,o Nph, finite and

T Tl <00, (L11)
Tim (1T Tule) = (@] =0, (1.12)
Jim [ (To), Tole) - Tol{Foghs)ll =0, (L13)
n“j;oQWh”Tr(T”(f)) :/fpd2<p, (1.14)

where [.,.] denotes the matrix commutator and ||.|| is the operator norm.

The family of maps T, is called a matrix regularisation of X.
Theorem. T, exist for Riemannian manifolds. (Hoppe; Klimek and
Lesniewski)
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Matrix regularization

Let us consider the family of n-dimensional matrix regularizations of the
bosonic membrane

d
Hy = Tr(P?) — (2zn)?n > Tr([X;, X?) (1.15)
i<j
with the constraints

> X, Pl =0, (1.16)

1

where P;, X;, i = 1,...,d are hermitian traceless matrices of dimension n,
approximating/regularizing the full field theoretic Hamiltonian

=2
M2 = PHP, = /): % +py Daxls | de (1.17)

i<j

where g, = [ Y3€?°0,Yo0p Y, d%p
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Classical description - matrix regularization

Using a basis T, a=1,...,n* —1:= N (with Tr(T,Tp) = 0. and

3
[Ta: Th] = ihn%f;,fc) Te, hp = 5=, Q(gc) = 202 Tr(T, [Tp, Te])) we can
rewrite Hy (and the constraints) in terms of d(n® — 1) canonical pairs

Pia> Gia (Xi = Gia Ta, Pi = pia T2)

Hn(p, q) = piapia + %fa(,fg £ Qi Qjc et (1.18)
£ xippje = 0. (1.19)
while the continuum expression is
Hso = PiaPia + %gaﬂvgaﬂ’v’xiﬂxiﬂ’xjvxjv’ (1.20)
8apyXipPjy = 0. (1.21)
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Quantum description - matrix regularization

Canonical quantisation - CQ

Xiqw = CQ(Xioz) = Xias

i C i) — — ] 5
Pia = CQ(pia) = —i B
Membrane Matrix Models:

Hy == CQ(M%,d) =—-Dgrp_1)t5 f(bc) Q(b')cfxfb)ﬁcxlb’XJC’

acting on wave-functions ¢ € L2(R9("~1)) constrained by

Pat) = abcxlbalcw =0

(1.22)

(1.23)

(1.24)

(1.25)

essentially self-adjoint, positive, purely discrete spectrum (Simon, L iischer)
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Matrix regularization - summary

cQ
M%,d Hn._d
n — 00 T n — 00
2 ?
M2 L ——

Relations between the 'classical continuum mass-squared’ of the bosonic
membrane M2, its classical finite n regularisation Mi 4+ the quantum finite
n Hamiltonian H, 4 and the (still rather elusive) quar{tum continuum
Hamiltonian Hy 4.
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Towards a quantum description - rescaling

Rescaling of the classical phase-space variables (N := n®> — 1)
Gia — N %Gia, pia = N*pia
leads to the following classical energy ( N=2*H,g > Hpqg)

el
Hn(p, q) = piapia + N 6"‘572(1)"2 £ iy e G- (1.26)

More general model

_ N
Holp.a) = > i+ > waiar + 0% Y el aiasaxa
1€In 1€In 1,J,K,LETN
(1.27)
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Quantum description for finite N in Fock space

@ Annihilation-creation operators

a(wy) = \[(\ﬁJr\ﬁX/)
a)(wr) = \2(_@ T Vi) (2.1)
with
[a)(w), a)(w)] = d1,L. (2.2)
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Quantum description for finite N in Fock space

@ Annihilation-creation operators

ay(wi) = f(\ﬁJr\ﬁX/)
aj(wr) = \2(—\/@+me) (2.1)
with
[a1(w), a)(w)] = L. (2.2)
@ vacuum \Uo( ) = I:I‘,X’lww,(x,) with
¢w,(XI) = e 2w'X’2, 3/(00/)\110(00) =0Vl
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Quantum description for finite N in Fock space

@ Annihilation-creation operators

a(wr) = f(\ﬁJr\ﬁX/)
1
i Y 2.1
aj (wr) ﬂ( \er@XJ) (2.1)
with
[a)(w), a)(w)] = d1,L. (2.2)
@ vacuum \Uo( ) = N7, 9y, (x1) with
Yooy (1) = &/ Ze 2907 ay(w)Wo(w) = 0 VI
@ standard bosomc Fock space H,, i.e. the Hilbert space generated by
Uity = 2l (wn)-a) (w,)Wo(w), K finite, (2.3)

(linear combinations of the Hermite wave-functions)
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pi(wr) = —’Vg (a1 — 3))
1

=5z

Hpy rewritten in terms of a; and a, becomes

(ar + a;r). (2.4)

2

w, .
Hy = Ty + V,(Vz) + Vlg;t) Zw/(2a a; — a a —aja + 1)+ — Z —01(2372, + aITa)L +aja; +1)
[l
N6 c .
+ KL (ajajaka + a;rajaKaL + a,aj aka) + a,aJaLaL + a/aJaKaZ
4 KL V@IWJWKWL
+a;rajaKaL + a;[aJa:(aL + a;raJaKaZ + a,ajaLaL + a,ajaKa}Lr + a,aJaLaz

aja}a;al_ + aITa]LaKaI + afaja;r(az + a,aTaLaZ

+afalafal)  (25)
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We rewrite the quartic potential

1 1 1
V(4) N~ 6o 1 Z ( 373JC(IJKK)+(aIaJJFa}LaE)C(IJKK)) (2.6)

TR WK/ WiWy 4
N— [$Ye" 1 6
c C )+ N7 Vy - 2.7
+— ,ZJ:WIWJ( 1y + cu + cun)l+ v (2.7)

—6a — ocl
= N5 AMafa, + N EA%V)(a,aJ +alal)+  (28)
FNTEF(MIT+ N7 Vy o (2.9)

where we have defined A%V) = K85 (UKL)UU and

(M) (V)
( ) Zl J %ﬁij_cw {(/1? s Ik)} = Zﬂesk{lﬂ'(l)7 ooy Iﬂ'(k)} "
normal ordermg with respect to Wo(w).
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2 2
w, _ 1 _ w,

Hy = {((w + w—°’)5u + N tE'O‘A/J)Q}LBJ + E(N S Ay — (wy + w—"’)d,J)(a,aJ + 273})} (2.10)
1.J ] ]

1 2
G e + LOLy | NTONE(NY + BT+ NN vy BT (2.11)
[ @i
1 _ —
= Z (A%\H)a;aj + EA%V )(a,aj + a;aj)) + N Vy : —BpnI (2.12)
1,J

wp —60
5,\/ = —% E ,(w, + u?,l) N 6 f(N)
+ w?
A%V ) = N_GO‘A%V) + (w, + T?,l )(5/_/

N— _6a A(N w2
AT = NEe Al () — g,
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(KTH)

N 1 N—
ASJ H"IaJ + §A$J Yaray + alal,

)) + N0 Vi : —M

. 1 w32 -6
Bn = -3 /(w/er—ol’)—N o

A%\H—) — NfﬁaAg-le) + (wl + Wor
| —

N— —b« N
AT = B Al

(2.13)

f(N) — o0

o1
)0
WOI’)(S/_/.

[|- -] = o0, 9 € H, (generically)

Bad operators!

Optimized Fock space
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Can we get rid of the problematic terms? We need

2
: (N=) _ —6a A(N) Woy -
am A= lim NTERALT = (=)o =

const

VLY, (2.14)

The smallest « for which it is possible we call a,;. The condition

liMpy_oo A%V_) = 0 implies
—6ar C((/IDIP)W) Wy
N ;W—(w,—w’)éuzo (2.15)
(condition for the w;’s), which turns out to be equivalent to 0 = %.
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Let & be the real solution of limpy_ o A%V_) =0

Lemma 1. Optimized Fock space decomposition

N

1

HN = (ZZ(I)[BJ/[B[ -+ W o VN o +Ne(()0)ﬂ> (%9 ]I’HLJZ;_N aF RN, (216)
I1=1 ’

0 : . 0) . . .
e((J - limp—oo %"’ = limp— oo eéy,{, is the qaussian variational upper

bound for the ground state energy, and lim,_o ||[Rn?|le =0, Yoo € Hy

v
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Let & be the real solution of limpy_ o A%V_) =0

Lemma 1. Optimized Fock space decomposition

N

1

HN = (ZZ(I)[BJ/[B[ -+ W o VN o +Ne(()0)ﬂ> (%9 ]I’HLJZ;_N aF RN, (216)
I1=1 ’

0 : . 0) . . .
e((J - limp—oo %"’ = limp— oo eéy,{, is the qaussian variational upper

bound for the ground state energy, and lim,_o ||[Rn?|le =0, Yoo € Hy

v

° A%V_)(a/aJ + a;rab) eliminated
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Let & be the real solution of limpy_ o A%V_) =0

Lemma 1. Optimized Fock space decomposition

1
Hy = (ZZw,a,a, P = N6 VW +Ne( )H) & HHé,N + Ry, (2-16)

0 : 0
e((J b= limp oo ljv = limp_ e(g,z, is the qaussian variational upper

bound for the ground state energy, and lim,_o ||[Rn?|le =0, Yoo € Hy

v

° A%V_)(a/aJ + a;rab) eliminated

@ renormalization Hy — Ne(()o)}l
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Let & be the real solution of limpy_ o A%V_) =0

Lemma 1. Optimized Fock space decomposition

1
Hy = (ZZw,a,a,—I— e Vi el )11) @Iy, + Ry,  (216)

0 . 0
e((J - limp—oo BW = limp— oo e(g,z, is the qaussian variational upper

bound for the ground state energy, and lim,_o ||[Rn?|le =0, Yoo € Hy

v

° A%V_)(a/aJ + a;rab) eliminated
@ renormalization Hy — Ne(()o)}l

o the "best" Fock representation of the CCR’s among infinitely many
inequivalent representations
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Let & be the real solution of limpy_ o A%V_) =0

Lemma 1. Optimized Fock space decomposition

1
Hy = (ZZw/a,a,—i— e Vi :+Ne° %1) @Iy, + Ry,  (216)

0 . 0
e((J - limp—oo BW = limp— oo e(g,z, is the qaussian variational upper

bound for the ground state energy, and lim,_o ||[Rn?|le =0, Yoo € Hy

v

° A%V_)(a/aJ + a;rab) eliminated
@ renormalization Hy — Ne(()o)}l

o the "best" Fock representation of the CCR’s among infinitely many
inequivalent representations

° ﬁ : Vv : may be still ill-defined in the limit N — oo
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U(N)-invariant anharmonic oscillator

@ 1-matrix model
: 2
2Hy = TH(M?) + Tr(M? + ZE M%) (3.1)
n

where M is a hermitian n X n matrix and P := M .
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U(N)-invariant anharmonic oscillator

@ 1-matrix model
: 2
2Hy = TH(M?) + Tr(M? + ZE M%) (3.1)
n

where M is a hermitian n X n matrix and P := M .
. 2
e mode expansion {t,}1_;, Tr(t,tp) = dap
completeness relation

(ta)ij(ta)i = i, (3.2)

1
2HN = papa + qaqa + Ecabcdqaqchqd (3'3)

with capeg = 2gTr(tatptcty).
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U(N)-invariant anharmonic oscillator

@ 1l-matrix model

: 2
2Hy = Tr(M?) + Tr(M? + Tg/w“) (3.1)

where M is a hermitian n X n matrix and P := M .
@ mode expansion {ta}g;, Tr(tatp) = dab

completeness relation

(ta)ij(ta)i = i, (3.2)

1
2HN = papa + qaqa + Ecabcdqaqchqd (3'3)

with capeg = 2gTr(tatptcty).
@ canonical quantisation

1
2HN = —A 2 + qaq; + ;Cabcdqaqchqd (3.4)
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1-matrix model: Optimized Fock space decomposition

Assume w, = w Va:

for @ solving

Ry is of order O(%

Exact answer due

(KTH)

—2Zwa aa+— TrM* : +n e(g)

W =w+4g

By w1
_Z+7+ 2—

to Brezin et al: ey(g) ~ 0.58993g%.

Optimized Fock space

I+ Ry

) and thus ||[RyY|le — 0 Vo € Hy.

0.59527g3 + o(g ™ 3)

May 10, 2016

(3.5)

(3.7)
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Multi-matrix model

@ Membrane Matrix Models

Hn(p, q) = piapia + N7%%2 5 fa(bc) Q(b,)cl Qibqib' GjcGjc’ - (4.1)
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Multi-matrix model

@ Membrane Matrix Models
Hn(p, q) = piapia + N7%%2 5 fa(bc) Q(b,)cl Qibqib' GjcGjc’ - (4.1)
o CQ + optimized Fock space decomposition

Hy = 2@)2 a;raa,-a — Bl + n*t: Vv : +Rn (4.2)

i,a
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Multi-matrix model

@ Membrane Matrix Models

Hiv(p, q) = piapia + N0 > S QinGin Gjegj (4.1)

o CQ + optimized Fock space decomposition
Hy = 2@;2 a;raa,'a —BnI+n*: Vy: +Ry (4.2)

i,a

@ optimal Fock space frequency and Gaussian upper bound

&= {4n2(d — 1) (4.3)
By = _ld(ng v n2d(d — 1)(n® — 1) (4.4)
N “ i '
1 2
©_ . Bnv_@d  7°d(d-1) 3d(d—-1)373
% = n||—>nc1>o n2 2 &2 B 25 (45)
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SU(N)/U(N) invariant wave functions: Partition Basis

@ 1l-matrix model

Uy 1= Na(a P Wo(w) = N3 Tr(a™) Tr(a™).. Tr(am)Wio(w), (5.1)
Ny =0~ 2 (MMA) 73 (5.2)

where Tr(at) := Tr(Tbl...TbA’_)aL...aLAI_ and A = (A1, A2, ooy Am) i

an m-partition of a certain natural number k = || := )", i\,

(U, ) = Oxn

lim
n—o0
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SU(N)/U(N) invariant wave functions: Partition Basis

@ 1l-matrix model

Uy 1= Na(a P Wo(w) = N3 Tr(a™) Tr(a™).. Tr(am)Wio(w), (5.1)
Ny =0~ 2 (MMA) 73 (5.2)

where Tr(at) := Tr(Tbl...TbA’_)aL...aLAl_ and A = (A1, A2, ooy Am) i
an m-partition of a certain natural number k = || := )", i\,

(U, ) = Oxn

lim
n—o0

@ multi-matrix model: similar, but extra indices A = {Ap, In}, where Ap
- partition; /5 - SO(d) structure

nIme<wAa 1/}/\’> = 5>\/\)\/\/ MI/\I/\’
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Divergent matrix elements

1
Hy = 2&)2 ala, — Bnl + o Vi : + const. Tr(a® + a'?) (5.3)

o diagonal elements (¢, —BnIy) o n?
o (¥, (Tr(a% + a?))ahs) oc n, where Ay = 65 + 1
o (1hx, L(Tr(a* + a™))is) o n, where Ay = 64 £ 1

What to do with the remaining divergent matrix elements?
Hy := Hy + By, but what about (Tr(a* + a))?
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Divergent matrix elements

- 1
Hn = QWZBI,aa — BnI+ o Vn ZM (5.3)

o diagonal elements (¢, —BnIy) o n?
° - 2 2 , = optimized Fock space

o (1hx, L(Tr(a* + a™))is) o n, where Ay = 64 £ 1

What to do with the remaining divergent matrix elements?
Hy := Hy + By, but what about (Tr(a* + a))?
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Composite creation/annihilation operators

A:=Tr(T,TpTcTy)azapacaq (5.4)
[A7 AT} = 4n*T + O(n?) (5.5)
Lemma 2. Negative energy shift
- 1
QwZaLaa + 4(:)—n(A—|-AT + 4Tr(a?a?)) (5.6)
a
Q 1
_ gt & > -
= BB+ > GA)P+&nT+ o(-) (5.7)
AAa=0
for some Q > 0,8 < 0 and B := A+ an’l

€ < 0 = the divergent terms decrease the ground state energy
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Hamiltonian

Hy = 2ala, + 4,5,:)2 (A4 AT 4 4Tr(a'a'aa)) (5.8)
—i—%(Tr(aTaTaTa) + Tr(ataaa)) (5.9)
@
g . .1 a0 2
+2n&)2 - Tr(a'aa'a) : +ep  n°l (5.10)
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Hamiltonian

g

o (A+ AT +4Tr(a'aaa))

Hy = 25(1 — €)ala, + 7

+ 2eGala, + %( Tr(a'a'ala) + Tr(a'aaa))
ne

~
>0 fore> ¢

£ _. Tr(a'aa'a) :+e(()0)n211

+ =
2n>?

x0(1)

for some 0 < e < 1.
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U(N) invariant anharmonic oscillator - lower bound

Theorem 1. 'Absorption of the composites for the 1-matrix model’

Q 1
Hy > BB+ () + &)+ > PG +0(0)  (514)
A,A=0

for some 2 >0, & <0

Corollary 1. Lower bound for the ground state energy

€ > e(()o) + é(()_) (5.15)
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Membrane Matrix Models

Two composite annihilation operators

A = Tr(abcd)agjapiaciadqj = (iijj), B := 7 1 1 (iijj) — %(Ulj) (5.16)
[A, A*] = cun® + 0(n) (5.17)
[B, BT] = can® + 0(n?) (5.18)
[A, B*] = [B,AT} = 0(n?) (5.19)

Theorem 2. 'Absorption of the composites for the multi-matrix model’

Hy > UATA+ QB'B+ Y PG + (e + &)l (5.20)
A Aa=0

for some Q1,0 >0, & <O.

Corollary 2. Lower bound for the ground state energy
e >e’ +4 (5.21)
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Formal perturbative expansion

@ Lemma 1 provides a solvable part Ho N = 2waaaa + e(g )21 even if the

original quadratic potential is absent

HN = HO’N + W VN . (61)
@ Rayleigh-Schrodinger series
Ex,n = (0) + eNEIE I)\I + sNE,E l)\l + ENEI?I)V + 0(e%), (6.2)
e = <w£°>,: vy oy, (6.3)
?) _ ,© Qo Ve @
ER =l vy s o vy ), (6.4)
k,N k E,((?,)V _ Ho N k
Q Q
E;((?;)V = (w;((O)v Vv © ° Wy © ° — Wy : w(°)> (6.5)
Ein — Hon En — Hon
Q
- BN g V), (6.6)
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Formal perturbative expansion

@ all terms of the R-S series diverge at large N

@ "Linked-cluster theorem" - only connected diagrams involved (to be
proved)

@ ground state energy corrections
Eék) x n?
@ renormalized energies of excited states

ECOR.— tim (E® - EM) < s

N—oo

@ convergence? asymptotic series? Padé, Borel summability?
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Some numerical values

Table: Exact ground state energies Eg = eyn® vs the upper variational bound (the

optimized Fock space approximation) e(()o) and the lower bound e(®*e") for the
1-matrix model

e(gO) e(lower)

g 0 €0

0.01 0.505 0.505 0.505

0.1 0.543 0.542 0.542

0.5 0.653 0.651 0.651

1.0 0.743 0.740 0.740

50 2.235 2214 2217

1000 | 5.968 5.907 5.915

g — 00 | 0.59527 g3 | 0.589075 g3 | 0.58993 g3
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Some numerical values 2

Table: Exact ground state energies Ey = egn® vs the R-S series in the optimized
Fock space for the 1-matrix model

g e(()o) e(()z) e(()3) €0

0.01 0.505 0.505 0.505 0.505

0.1 0.543 0.542 0.542 0.542

0.5 0.653 0.651 0.651 0.651

1.0 0.743 0.740 0.740 0.740

50 2.235 2014 2.219 2217

1000 | 5.968 5.907 5.922 5.915

g — 00 | 0.59527 g3 | 0.589075 g3 | 0.59062 g3 | 0.58993 g3
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Some numerical values 3

Table: Exact spectral gap w(g) vs the R-S series in the optimized Fock space
(renormalized energies of the first excited state) for the 1-matrix model

g lo@ (00 [o@ [o@ [o®
2 2.45 2.17 2.59 2.43 2.39
50 | 6.81 | 591 |7.34 |6.64 |6.47
200 10.76 | 9.32 11.62 | 10.48 | 10.20
1000 | 18.37 | 15.90 | 19.85 | 17.88 | 17.39
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Some numerical values 4

Table: R-S series in the optimized Fock space and the lower bound for the ground
state energy of the multi-matrix model

d 2 3 4 5

& | 5.107 | 9.653 | 14.732 | 20.269
e 4682 9.351 | 14.460 | 20.005
e 4735 9364 | 14.466 | 20.009
el>*) | 4.834 | 9.349 | 14.410 | 19.931
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Some numerical values 5

Table: R-S sereis for the renormalized energy (the vacuum energy subtracted) of
the first SO(d) x SU(n) invariant excited state for the multi-matrix model at

large n

d |3 9 15 |25 |35

EQ 1 17.16 | 27.24 | 32.82 | 30.29 | 44.12

E(') | 21.45 | 34.05 | 41.03 | 49.11 | 55.15

EC) | 16.00 | 31.92 | 30.57 | 48.09 | 54.34

7.(.2
Hy =25 |(iTh) + E(interaction terms) (6.7)
Therefore the effective coupling constant is g—i = 3@-1)
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Supersymmetric matrix models

. i W i

Hy = HyI+ He = Hyll + E)gaf;(bc)’yéﬁeabeﬁb, (7.1)
7 gl f _
¢a = fabc(XibpiC - Zeabeac) =0. (72)

H = L2(RIP-1) @ F, dim(F) = 278"~

anti-commuting Clifford variables 6,,,

[90637 eﬁb]-i- = 5a,85ab, (73)

@ supersymmetry — d =2,3,5,9
o An=Q% a=1,...Ny=2(d—1)
e continuous spectrum spec(Hy) = [0, o0)

@ BFSS conjecture, embedded eigenvalues?
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Supersymmetric matrix models, d=3,5

@ fermionic creation and annihilation operators )\&a,)\ga,& =1,.., %
Mo Al = 855028, (7.4)
[Aaas Agpl+ = 0= AL, )‘/gb]-i- (7.5)
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Supersymmetric matrix models, d=3,5

@ fermionic creation and annihilation operators )\&a,)\ga,& =1,.., %
Aas Agbh = 6,50abL, (7.4)
[Aaas Agpl+ = 0= AL, tb]+ (7.5)

@ for d = 3,5 3 a canonical choice of )\aa,)\];a, s.t.
HF = 2I'Xj‘3 abc,}/ Aab)\,@b’ (76)
b= (x,bp,c IAab)‘ac) =0. (7.7)
and thus N o

[Hn, F1=0, [Hn,¢a] =0, (7.8)
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Supersymmetric matrix models, d=3,5

@ natural grading of H

21

nH= g W, (7.9)

k=1
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Supersymmetric matrix models, d=3,5

@ natural grading of H

21
n= p 5, (7.9)
k=1
o
Hp g = Hng| , Vn,d=3,5, (7.10)
F(0) F(0)

so the purely discrete spectrum of Hy g—35 is a subset of the full
spectrum of Hpy g—=35
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