Destabilization of two fuzzy spheres at a distance
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{One-loop effective action for interaction of two spheres}

1. Introduction' S. Bal and H. Takata, hep-th/0108002

Large-IN reduced models = Powerful candidates for the constructive
definition of superstring theory.

Perturbation around X,, as A, = X,, + A,:

[1B (IKKT) matrix model: Gauge fixing term and ghost term:

N. Ishibashi, H. Kawai, Y. Kitazawa and A. Tsuchiya, hep-th/9612115

N _
Ser = —5tr [Xu, Aul?, Sgnh = —Ntr [X,,C|[X,, C].

S — —+tr (_E[Aw A%+ %&F”[A,“ w]) . We assume the following form of fluctuations:
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e Defined in ten-dimensional Euclidean spacetime: .
pv=1,2,-++,10 ry = acy = (distance of two spheres),
SV = .
e A,,1: N X N hermitian matrices. r‘(}) = nnﬁr“, rff) = _ﬁru.
e Kigenvalues of A, = spacetime coordinates. . 2 . 2
e N — co: type ITB superstring theory. Self-interaction of each sphere:
L, x( ; D) (D (D)
S(self) = N Z tr {—— a( X 2 1 24e Ry ’a,,’a
Motivations of the fuzzy sphere studies 2,B s 2[ ' Xl peATEN G G ’
=1,2
e Relation between the noncommutative field theory and the super-
string study. » I I
S(se ) = a2 N g tr L( ) e L( ) cd
e Novel regularization scheme alternative to the lattice regulariza- ~ 2°G [Lrs s ]
I=1,2

tion.

e Prototype of the curved-space background in the large-IN reduced Interaction between two spheres (kr,lr = 1,2,+--,ny):
model. 1)(2 .
S;g;( ) — azN(bL)k2k1 [(Hz)éuu — ZZGMUAC)\ 4 1] keylykals (bU)lll2,

1)(2
2. 3d bosonic Yang-Mills-Chern-Simons model' Sé,é( ) = azN{(dT)kal (Hz)klllkzlz (e)lllz

_(eT)kzkl (H2)k1l1k212 (d)lllz }'

Toy model incorporating the fuzzy sphere background: where
(defined in three-dimensional Euclidean spacetime: p,v,p = 1,2,3)

£
(Hp) kil koly = (Lf}))klzl ® ligty, — 1iy1, ® (Lﬁz))kzzz .

‘ 3. Stability of two fuzzy spheres '

Classical equation of motion: We set ¢, = (0,0, c) without loss of generality.

[Av, [Ap, Av]] — doepnp[An, Ap] = 0.

1 2ia
S = Ntr (—Z[AM,A,,]z + ?e“VpAuAuAp) .

Effective action for interaction of two spheres:

2 2
Typical classical solution: W(flf)(Z) — log |:det {azN (H? 4 2¢) (2H — 2c¢) }:|
e
H
xS :
(2) Jmax
X
X = " . , where = log H o®?Nwj |,
J=Jmin
x P

where We(flf)(z) — W]gl)(z) + Wc(;l)(z)’
(X, XS] = e (X5™ — RS™), (1)(2) T t (o2 nm2 )
[Xu, Rv] = [Ryu, R,] = 0. ! = —‘°gf=“““’ exp (—bu [a N{H_iw - 2"45,_.,11)\‘1)\}] bu)
= — log [det{azN (H2 — 2i€ - c) }] s

(m) _ : l _
X" = (mm X My irrep.), Zm:l nm = N. w((;l)u) = —logfddddf de de' exp (—dT(a2NH2)e + eT(a2NH2)d)

2
{Two-fuzzy-sphoro-solution} = —log [de" "‘2NH2] g

Solution representing two fuzzy spheres: . ln1 —n2| . ni + na
o W) Jrin = g Jmex =T L
- " — (r
Xp = X}(‘2) » Ry = R;(E) ’ w; = (determinant of j-th block):
RO =+ D1y s XD = ag 4 RO, (-2 +D+iG+1)

wj > —
2 1
0, 7] = e a0, (24 2¢j+3(G +1)

There two spheres are centered at 'rff) = %Itr RL"I ) I =1,2).

X

J
[T (+2e(=m+1)+iG +1).

m=—j



The potential for cocentric two spheres (¢ = 0) reduces to

jmax
W@ = 37 (2 +1)log [0®NjG +1)] .

J=Jmin

Zero modes of effective action |

We recall that the determinant is given by

3
det(H? + 2ac); = H [h(4, m)] . where

m=—j
h(j;m) =j(i +1) + ¢* + 2¢(m + a).
For a = —1 (det(H? — 2¢)), h(j, m) is negative for

G+1)—i+1<e<(@G+1)++/j+1form=—j

The fuzzy sphere is unstable if any one of h(j, m) is negative.

Fuzzy spheres of the same size

Example: n1 = na = 4 case

regions Number of negative w;
0.000 < ¢ < 0.586 1

0.586 < ¢ < 1.268
1.268 < c < 3.414
3.414 < ¢ < 4.732
4.732 < ¢ < 6.000
6.000 < c
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The fuzzy sphere is (meta)stable for ¢ > 6.0.
Attractive force for this large ¢ region:
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Fuzzy spheres of the different size

Example: n1 = 10, n2 = 3 case

regions Number of negative w;
c < 2.379 0

2.379 < ¢ < 3.155

3.155 < ¢ < 3.950

3.950 < ¢ < 6.621

6.621 < c < 7.845

7.845 < ¢ < 9.050

9.050 < c

Of | N W[ N =

The fuzzy sphere is (meta)stable for ¢ < 2.379, ¢ > 9.050.
Attractive force near ¢ = 0 and at large c.
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{Relation to numerical studies}
T. Azuma, S. Bal, K. Nagao and J. Nishimura, hep-th/0401038

Monte Carlo studies for the decay of two cocentric (¢ = 0) fuzzy
spheres of different size:
Simulation for N = 16, o = 2.0 case, starting from A, =
A9 =0 ...
——
initial state
J(6—>5—>4—>3—)2~>1) 0
— A, =« M
© (10—+11—12—13—14—15)
0 Jp
metastable vacuum
— Ay, =ady
—_———
stable vacuum
The interaction potential near ¢ = 0:
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Eg a(6710) = —0.0005952 - - i a(3’13) = 0.2171 - -.
(3,13) spheres are more stable than (6, 10) spheres, due to the coeffi-
cient @(nq,n,)-
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‘ 4. Supersymmetric case '

Similar results holds for the three-dimensional supersymmetric case:
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1 1 -
S = Ntr (_Z[A“’A"]Z + Te“ypAuA,,Ap + Ewau[Au,w]) .

Main results:

e Two fuzzy spheres separated sufficiently (or when one sphere is
well inside the other) are metastable.

e There is an attractive force between these two spheres.
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