”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 1

Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories (arXiv:0710.5873) Takehiro Azuma [Setsunan University]

YITP QFT 2008, Jul. 29th 2008, 16:40 ∼ 17:05 Collaboration with Pallab Basu and Spenta R. Wadia Contents

1 Introduction 2

2 GWW Phase transition of the finite-temperature gauge theory 3

3 Effect of fundamental matters 9

4 Conclusion 11

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 2

1 Introduction AdS/CFT correspondence: J. M. Maldacena, hep-th/9711200 duality between type IIB superstring on AdS_5 × S^5 and N = 4 SYM theory.

• Nonperturbative studies of superstring. • Blackhole-blackstring transition

L. Alvarez-Gaume, C. Gomez, H. Liu and S. Wadia, hep-th/0502227, L. Alvarez-Gaume, P. Basu, M. Marino and S. R. Wadia, hep-th/0605041, S. R. Wadia, hep-th/0609052

Thermodynamic aspects of quantum gravity in AdS spacetime. AdS spacetime allows two Schwarzschild blackhole solutions.

• Small black hole (SBH): Unstable. Horizon radius smaller than AdS. • Big black hole (BBH): Stable. Horizon radius comparable to AdS. Third-order phase transition of gauge theory and the blackhole’s phase transition

L. Alvarez-Gaume, C. Gomez, H. Liu and S. Wadia, hep-th/0502227.

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 3

2 GWW Phase transition of the finite-temperature gauge theory Zero-mode action of the bosonic sector of N = 4 SYM on S^3 at finite temperature. Phenomenological model dual to AdS_5 × S^5 at finite temperature. Z =^∫ dM_μdAe^{−S}, where S = N^{∫ β}_0 dt tr^{D∑}_{μ=1}(D_tM_μ(t))^2 − λ 2 tr^{D∑}_{μ,ν=1}[M_μ(t), M_ν (t)]^2 + m^2tr^{D∑}_{μ=1} M^2_μ(t) .

• D_tM_μ(t) = ∂_tM_μ(t) − i[A, M_μ(t)] (A = zero mode of the time component of the gauge field on S^3) • M_μ(t): SO(6) scalar fields (μ, ν, · · · = 1, 2, · · · , D, here D = 6) •^1_β = T : temperature

Periodic boundary condition : A(t + β) = A(t), M_μ(t + β) = M_μ(t). • Static and diagonal gauge: A =^1_β diag(α_1, α_2, · · · , α_N), where {α_a} ∈ [−π, π].

Gauge fixing term : S_{g.f.} = −^{∑N}_{a,b=1,a≠b} log sin |(α_a − α_b)/2|. Eigenvalues’ behavior: comparison between entropy and energy

D. N. Kabat and G. Lifschytz, hep-th/9910001

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 4

Effective action of the SYM theory on S^3 at finite temperature → Described by Polyakov line U.

Phase structure of the YM theory and blackhole states in supergravity.

L. Alvarez-Gaume, C. Gomez, H. Liu and S.R. Wadia hep-th/0502227

Gross-Witten-Wadia (GWW) third-order phase transition of the partition function

Z_μ =^∫ dU exp(2Nμ(tr U + tr U^†)), ⟨|u_1|⟩ = 2μ, (μ <^1_4) 1 −^1_{8μ} (μ >^1_4). ⟨|u_2|⟩ = 0, (μ <^1_4) 1 −^1_{2μ} +^1_{16μ2} (μ >^1_4).

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 5

MC simulation for N = 128, u_n =^1_N tr U^n, • μ < 0.25: no gap on unit circle. • μ > 0.25: a system has a gap.

A =^1_β diag(α_1, α_2, · · · , α_N)

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 6

Saddle point of the gauge field for our model: S^′ = S + Nμβ(tr U + tr U^†).

D = 2 case High-temperature (β = 0.2 ⇔ T = 5.0) case (λ = m = 1.0, N = 48).

No GWW-type phase transition.

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 7

Low-temperature (β = 2.0 ⇔ T = 0.5) case (λ = m = 1.0, N = 48).

Critical point is μ_c ≃ 0.22. • ⟨|u_1|⟩_{|μ=0} = 0, ⟨|u_1|⟩_{|μ=∞} = 1.

• At the critical point μ = μ_c, ⟨|u_1|⟩ and^{d⟨|u1|⟩}_{dμ} are continuous.

⟨|u_1|⟩ = q_1^μ_{μc} + r_1(^μ_{μc} )^2, (μ < μ_c), r_1 =^1_2 (1 −^3_2q_1 −^1_2 q_2), 1 − q_2(^μ_{μc} )^{−1} − r_2(^μ_{μc} )^{−2}, (μ > μ_c), r_2 =^1_2 (1 −^1_2q_1 −^3_2 q_2), Parameters are fitted as (r_1, r_2) = (−0.0121, −0.0293).

r_1, r_2’s contribution is small. GWW-type third order phase transition. ⟨|u_2|⟩ = 1 − 2μ_c μ + μ^2_c μ^2 , (μ > μ_c).

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 8

D = 6 case Low-temperature (β = 2.0) case (λ = m = 1.0) Left D = 2, N = 48, Right D = 6, N = 16.

Critical point is μ_c ≃ 0.20. ⟨|u_1|⟩ = q_1^μ_{μc} + r_1(^μ_{μc} )^2, (μ < μ_c), r_1 =^1_2(1 −^3_2q_1 −^1_2q_2), 1 − q_2(^μ_{μc} )^{−1} − r_2(^μ_{μc} )^{−2}, (μ > μ_c), r_2 =^1_2(1 −^1_2q_1 −^3_2q_2), (r_1, r_2) = (−0.039, −0.041).

The results are insensitive to the dimensionality.

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 9

3 Effect of fundamental matters

Effects of fundamental matters on the phase structure of gauge theory.

H. J. Schnitzer, hep-th/0402219,0612099, P. Basu and A. Mukherjee, arXiv:0803.1880

Without flavor (N_f = (number of fundamental matter fields)= 0) ⇒ First-order deconfinement transition with respect to temperature T

Small coupling : P. Basu and A. Mukherjee, arXiv:0803.1880 Increasing N_f ⇒ This deconfinement transition becomes softer ⇒ No deconfinement transition.

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 10

Phonemenologial matrix model including the effect of fundamental matters.

Z =^∫ dM_μdAe^{−S}, where S = N^{∫ β}_0 dt λ_c^{D∑}_{μ=1} tr (D_tM_μ(t))^2 − λ 2 D∑ μ,ν=1 tr [M_μ(t), M_ν(t)]^2 + Nf∑ f=1 { λ_V (D_tV_f (t))^†(D_tV_f (t)) + m_V V^†_f (t)V_f (t)^} .

• D_tV_f (t) = ∂_tV_f (t) − iAV_f (t)

covariant derivatives (A = zero mode of time component of gauge field on S^3) • V_f (t) (f = 1, 2, · · · , N_f ): bosonic N-dimensional vector fields.

N_f = (number of fundamental matters) • Periodic boundary condition V_f (t + β) = V_f (t) (as well as other fields).

”Monte Carlo Studies of the GWW Phase Transition in Large-N Gauge Theories”, Takehiro Azuma, Jul. 29th 2008, 16:40 ∼ 17:05 11

4 Conclusion Zero mode effective action of the N = 4 SYM theory on S^3.

• Gross-Witten-Wadia (GWW) type third-order phase transition of the matrix model.

• Effect of fundamental matters (include vector fields) Further development • Extension to higher-dimensional system, such as S^1× S^1× S^2.