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Phase transition or phase transitions?
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Matrix models from M-theory

e BFSS matrix model (Banks-Fischler-Shenker-Susskind)
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e BFSS matrix model (Banks-Fischler-Shenker-Susskind)
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BD model
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BD mode
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A computer test of holographic flavour dynamics. Part Il, Y. Asano, V. G. Filey, SK, Denjoe O’ Connor
JHEP 1803 (2018) 055, [hep-th/1612.09281]
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BMN model

B 1 | | 1 : 2
S[X, Y] = N/ dr Tr | 5D X'D- X" — - <[X7“,XS] + %‘e"“stxt>
0

1 o 1 RN IANET
X7, XM - (X X" —(—) X

1 i 1
+ §¢TC (DT — ZM’Y%?) ) — §¢TC’Y X',




BMN model

B 1 | | 1 . 2
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BMN model

(u,T)-phase diagram
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The non-perturbative phase diagram of the BMN matrix model, Y. Asano, V. G. Filev, SK, Denjoe O’ Connor
JHEP 1807 (2012) 154, [hep-th/1805.05314]
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Bosonic BMN model

b 1 . 1 ’
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Bosonic BMN model

B | 1 '
S[X, Al = N/ drTr | 5 D- XD, X" — - <[X7“,XS] + %
0
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Bosonic BMN model

g B | i :
S[X, A] = N/ dr Ty =D, X'D, X" — - ([XT,XS] 4 )
0 2 4 3
1 1 N2
__X?“ XmQ__Xm Xn2 _(_) 2
e i=1..9 2[ ’ | 4[ ’ I+ 6 m

 Xare N x N Hermitian matrices

* B=1/T, inversed temperature

e D=0-i[A,.]

* Aisthe SU(N) gauge field (fixed not to depend on time and be)
* Temporal direction discretised

 Parameters: B, u, N, A
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Measuring (mean values of) observables




The setup

B | | . 2
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What to expect?
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The model reduces to gauged Gaussian model
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Hybrid Monte Carlo

Integration over many variables
[ d[X])d[A]Oe=SXA

() >

The idea is instead of computing this, we can produce a sample of configurations with
the same probability distribution (probability sampling)
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Simulations results
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Simulations results
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Moments of the e.v. distribution



Moments of the e.v. distribution
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Effective action for the moments

Se({un}) =Sy + (a,1|u1|2 + b1|u1|4 -+ ) -+ (a2|u2|2 -+ b2|’u,2|4 -+ )
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Effective action for the moments

T=0

n

Se({un}) =Sy + (a,1|u1|2 + b1|u1|4 -+ ) -+ (a,2|u2 2 -+ b2|U2|4 -+ )

B~ '=0.847458

p(6)
Peo 0.8,
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Effective action for the moments
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Effective action for the moments

T>Tc
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Effective action for the moments

T>T,
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Effective action for the moments
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Effective action for the moments
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Plots for P,
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Back to P
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Let us define a convenient observable

1 1
Q=/7>dP /PdP:Lon

1/2 0 B =0.9120
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Let us define a convenient observable

1 1
Q=/7>dP /PdP:Lon
0

1/2

g1 =0.9120

Pol
P 1.0 -
4 I
I 0.8
3 :
: — ¥ Q=0.3
21 Lo R
: o ik
r 21K
o . | | | P 0.0 . . . ! . . 1| . . . ! . . . ! . P ] Mctraj

0.2 0.4 0.6 0.8 1.0 0 2000 4000 6000 8000 10000

Samuel Kovacik, Phase transition(s) of the bosonic BMIN model 78



g1 =0.8621 B! =0.9099 g1 =0.9120

Pol Pol Pol
1.0 - 1.0 - 1.0
0.8 081 0.8
0.6
0.4

At SR N TR 3 e ] MC . R N R .
2000 2500 3000 W traj 4000 6000 traj
g1 =0.9132 g1=0.9174
Po Po
1.0 - 1.0 - 1.0 -
0.8] 0.8[ 0.8f
] .: H :!?. : 3 ; o
0.0 t L L L I L L L I L L L I L ? L 1 Ctraj 0.0 E L L I L L L L L L I L L L I L L | M traj 0.0 L L L I L L L I L L L I L L L I L L L ) Mctraj
0 2000 4000 6000 8000 0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
g1 =0.9210 g1 =0.9217 g1 =1.1765
Pol Pol Pol
1.0 - 1.0 - 1.0 -
0.8 0.8 .
0.6
0.4[
0.2f
0.0 . . . . ) Mctraj 0.0 . . . . ] Mctraj 0.0 L . . . . . | Ctraj
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000 0 500 1000 1500 2000 2500 3000




Plots of Q
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Very accurate estimates for critical temperatures
allows us to extrapolate to large-N limit ...



Very accurate estimates for critical temperatures
allows us to extrapolate to large-N limit ...

Estimate Error
Tc1(0.917215 0.000718925) (0.915481 0.000727181) (0.913696 0.000937871)
T2\ 0.91978 0.00155173 0.916636 0.00111256 0.914014 0.00192736

Tc

0.94 0.94 I 0.94,
0.92. 0.92! 0.92]

L L Il L L L Il L L L Il L L Il Iw N_1
0.02 0.04 0.06 0.08

0.90

... to see that there is only a single one!
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Phase diagram for N =12
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Just to mention: phase transitions of BMN

P 1 . 1 - 2
S[X, ] = N / dr T |SD, XD, X" — ([X"“,XS] + %H“Xt)
0

| | 1 /102
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1 j 1 ]
+ §¢Tc (DT — %7567> Y — §¢TC”YZ[XZ>¢]
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Myers term, y=2.0, N=8, A=24 E vs T for y=2.0, N=8
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Conclusions

* There is a single (1%t order, confined/deconfined) phase transition for
the bosonic BMN model

* There are two different phase transitions in the SUSY BMN model
(confined/deconfined and transition into fuzzy sphere background)

* There is yet another phase transition in the BD model
(which is hard to study numerically with satisfactory precision)

* Unsettling question: What N is large enough?



Thank youl!
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