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MATRIX MODEL « INVERSE-SQUARE INT. MODEL

L. Susskind (hep-th/0101029)
QHE o< NC U(1) CS theory with Myox oo (#€~ = 00)

QHE «— CS MMNXN
CS MMynxn <«— Inverse — square interaction model
AdS «— 2+ 1 CS fermions

MM (BIPZ)
L=TrM?*+Trv(M)
M = UAU"
M=U (A + U, A]> Ut
Conserved quantity:

J = [M, M] =U ([AaA] + [A, [U_anA]D Ut

(U JU)ap(UTTU ) pg

2 _ A 2
TrM“+TrV (M) =TrA —I—Z o — A2

a#b

+TrV (M)

O+1MQM — 14+1NQM fermionization

A1 ...
AN

Only for M with invariance:

M=R real symmetric O(N) invariant
M=H complex hermitean U(N) invariant
M=Q quaternionic real Sp(N) invariant
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The collective-field formulation of the MM

H A. Jevicki, B. Sakita
L=TrM?+TrV(M) Q IA., H.Levine, A. Jevicki

Collective field — Bosonozation in N— oo

d(k,t) = Tre MO o(x,t) = / Z—f_e_i’”qb(k,t)
Hamiltonian
-7, = - [ dwdyn(@), (@) -+ [ deo(@n@) & I©)

Quaternionic (self-dual) matrix

Q= (Qo +1Q1 —Q2 — Qs
Q2 —1Q3 Qo — 1Q
- QT = Q, real eigenvalues

- group properties

- diagonalized by Sp(N)

):Qaea;a:O,...,S

Qo = Qihf, Q=Q ki, 1=1,2,3, [Almn = SimdinEtdindjm

108(@)86(y) | -~ 99(2) 99
Doy (¢) = {;(1 507 BQy ;Z 2Q7 86;?)]
= 2.0,0(x — y)$(x)
wr(®) = (Z(H«ng) o) _8 (’fi))

qb(y) ]

= (A —1)8%¢(x) + 2>\8x¢/ =0, <¢( )Oa

OlnJ
9¢(x)

)
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Conformal invariance of the collective-field theory

H = % / dad(x)(D,m)? + / dzd(z)V (z) +

L A—lamcb(m) \[2W)dy
v 5 f e (PSP EEY) e

Corresponding Lagrangian (free part)

(—1¢)2 1 (A—qus ¢(y>>2

L(p, ) =

_— A -d
& 2P\ T2 e T ey

Infinitesimal transformations - t/ = t — et™

¢ = @' (z,t)—p(x,t) = (—dgnt" '+dnt" 'z, +t"0;) p(x, t)
Conserved charges Q.,

dA(¢, d)
dt

oL .
Q= /dwé—q.béqb — A, ), 55 = /dt

n(n — 1) ) nt" 1
Q. = 1 /da:w b — 5 /da:wqbawﬂ' +t"H

Qo = H
1
—E/dm:vqbaww—l—tﬂ

&
|

1
Q: = E/dmwzd)—t/dwwqbamw—l—ﬁﬂ

Q()(t — O) — T_|_
Ql(t = O) — T() SU(]_, ]_) . [T_|_, T_] = —2T()
Qz(t = O) — T_ [T(), T:|:] — :I:Tj:
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BPS limit

1 1 A—19, dy\* [
H = —/da:p(&grf—l——/da:p( P _i_)\][p(y) y)_ @
2 2 2 p T —y op

Ground state (BPS)
Large N limit — 15 order Bogomol'nyi type eq.

A—10, d
p+>\][p(y) Y
2 p r—1vY

Ground state is degenerate in leading N!
1 A—19, d 2
:>—/dacp( p+)\][p(y)y+g> _
2 2 p r—y T
1 A—10, d — 1+ A
:_/dwp< p+)\][p(y) y) G + )/p(w)
2 2 P r—vy

+%(/@) oA p(0)

If 3p; p(0) =0 & p(x) = p(—ac) forv=1-— A
Bogomol'nyi type eq.

A—10, d v
p+)\][p(y) v
2 p r—1Yy T

:O, p:pozcteV)\

x? 1—A
2 1 p2’ pob =
Quantum corrections p(x) = po + n(x)
Spectrum known for p(x) = cte, p(x) = ps(x)

ps(x) = po
€T
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The BPS solution - solitons (the static tachyonic background)
The non-BPS solutions - moving solitons

The solitons of the collective field description are dual quasi-
particles.

Introduce a new field m(x, t) describing quasi-particles in the
prefactor of the wave functional:

V=[p, m] = exp {n//dwdyp(w) In [z — ylm(y)}
The duality is displayed by the following relations:

T, (o, AV [0, m] = [—gﬁ [m, k?/A] +

[ dwplaym(@) (o) + wmi@) +
<A+ UK [ 4y, 0

V= (p, m]

Tolp, A[V"[pym] = — {Tﬂ[ma ’4/2/)‘] T
1 1 , 1 i
— EEO(N’ A) + EEO(M’ K“/A) + E&NM} V¥ p, m]

New su(1,1) generators for particles and solitons

A
T, =Ty [p, A] + T+[m K/A] + Hint
M., — (A ,4,)(;4, — 1) // m(z)axp(w) 4

r— =z

K,7T2

——— | dzp(x)m(z)(Ap(x) + km(z))
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Ty = Tolp, Al + To[m, &2/
T =T [p, A + T [m, v*/A]

We interpret the operator 7 as a non-hermitian Hamiltonian
for particles and solitons. After hermitisation of 7 we obtain
the hermitian form

HM = Hp, \] + gH [m, 6%/ A] + Hine
where H{[p, A] is
Hp, \] = %/d:mr)(fv)(cﬁhﬂr)2 +
+- /dmp(w) ( - 18"’“;(:”) + A][dywp(_yDz +
—u/dwp(w) +

A1 ) A 1
——— | dx0.0(x — Y)|y=2 — —][dw(%—b:m
4 2 r—y

and H[m, k?/\] is obtained from H [p, A] substituing 1 for
p and K2/ for A



