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1 Introduction

[Matrix models on a homogeneous space}

Motivations of fuzzy manifold studies:

e Relation between the non-commutative field theory and the superstring.

e Novel regularization scheme alternative to lattice regularization.

e Prototype of the curved-space background in the large-N reduced models.

Matrix models on a homogeneous space G/ H':
G= (a Lie group), H = (a closed subgroup of G).
S? = SU(2)/U(1), S? x S2, S* = SO(5)/U(2), CP? = SU(3) /U(2), - - .

These fuzzy manifolds are compact, and thus realized by finite matrices.

The Chern-Simons term is added to accommodate the classical solution of the

fuzzy manifolds.
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2 The model and its classical solution

3d Yang-Mills-Chern-Simons (YMCS) model
= a toy model with fuzzy sphere solutions:

S. Iso, Y. Kimura, K. Tanaka and K. Wakatsuki, hep-th/0101102.

1 5 2t
S[A] = Ntr —Z[Au, AV] + TENVPANAVAP .

e Defined in the 3-dimensional Euclidean space (u,v,p = 1,2, 3).
e Convergence of the path integral p. Austing and J. F. Wheater, hep-th/0310170.
e Classical equation of motion: [A,, [A,, A)|| — ta€y,[AL, Ay = 0.

e fuzzy S* classical solutions: A, = X,, = aL,, (where [L,,L,] = i€u,L,).
L, = (N X N representation of the SU(2) Lie algebra).
Casimir operator: Q = A7 + AJ + A7 = R*1.

R = (radius of the fuzzy sphere) = 7/ N? — 1.
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[First-order phase transition}

Yang-Mills phase
Monte Carlo simulation launched from fuzzy

sphere classical solution: X2
iti - ~ 21
Critical point at o, ~ NGk
%
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[Phase transition from the one-loop effective actionj

The effective action I' 1s saturated at
the one-loop level at large IN.

T. Imai, Y. Kitazawa, Y. Takayama and D. Tomino, hep-th/0307007.

Effective action at one-loop around

A, =tX, (where & = av/N).

Fl—loop ~4 t t°
~at | — — — log t.
NZ s ¢) %8

The local minimum disappears at

& < @ = (3)1 ~ 2.086- - -.
Consistent with the Monte Carlo simu-

lation.
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3 All order calculation from one-loop effective action

The free energy W can be obtained by the extremum of the effective action.
Expansion around A, = 3L,: (,é = BV N)
/84

11m —I‘(ﬁ) = (8 — laﬁ ) + log 3.

Local minimum for a > a. = Nf%:

- & 2
= A — V1 2—-9
N 2 12 120 1456
= & (1= g~ an g ) where
§ = 4a73

. ) 512% . ) 512%
+ 27&4 + 27at ) |

Free energy and observables:

Jim W = (L&) - LaF(8)*) +log £(&)
_ _d_“_HOg&_i_ 14 110 364
. 24 : at  3a®  3al2  als ’
Al,gnooﬁ<5> = | —5,0f@)
at 1 28 110 1456
= _ﬂ_f_ i_f}z +3&8 + &12 + &16

agrees with two-loop calculation!
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[All order calculation of generic observables (’)J

Consider the action S, = S + €O.

Corresponding free energy:

fdfi(’)e_s
fdAe—S

W, = —log (/ dAe_(SJ“EO)) = — log (/ dfie_s) + €
= W 4+ €(O) + 0(62).

+ O(€?)

One-loop effective action (take only 1PI diagrams into account)
TL(8) = T(B) + e1(B) + O(€?).
Its saddle point:
S5T ) =0, = f = £(8) + ca(@) + O(e).

Plugging this solution, we obtain the free energy as

We =T (f(a) +eg(a) +--+) = T(f(@)) + € |T1(f(a)) + 9(a) (Zg)lﬁzf(d) + 0(e%).

>

=0
We thus obtain (O) = TI';(f(&)).
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All order calculation of the spacetime content:

PSR Y _a? 1
N NN A = Ta
one-loop

The one-loop effect comes from tadpole diagrams.

1 1 1 1 1 5 48 572
—(—tr A% = —f(a)* = ~a% — - - — —
N<N ) 4f( ) 4 a2 abf a9 a4
Other observables:
N S 1, ., . 1 4 112 440
N M) = g MO = g e G T gae T
1 12 112 1320
. L 2\ _ T er=\3 T4 B B o
]\lfl—r)noo < tr (Fu) > 3+ 2ozj"(oz) 2% T 1T s a2
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4 Conclusion

e In this talk, we have scrutinized the perturbative dynamics of the 3d YMCS

model.

e We have obtained the all order results for generic observables at large IN.

(Future direction)

e Extension of this technique to the 4-dimensional fuzzy manifolds:

fuzzy CP? (hep-th/0405277), fuzzy S? X S? (hep-th/0503***).



