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Talk overview

@ Spin-glasses: basic facts.

© The Janus computer.

© The temperature random-walk.
© Numerical results.

© Conclusions.

© Jobs with the Janus collaboration.
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The model

© H == (xy dxyoxoy, Ply)=0(Jgy—1).
@ First thermal averaging, (...), then disorder averaging, (...) .
@ 3D SG transition at T = 1.109(10) (Hasenbusch et al. 2008).

Observables

@ Gauge invariant field with real replicas: gx = s&”s&”
@ Overlap order parameter: q = lv > x Ox

@ Correlation function: C4(r) = (GxQx—+r)
@ Link overlap (interfaces’ density) Qjnk = lVZx QxQxir, F = 1.
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Spin glasses

The model

© H == (xy dxyoxoy, Ply)=0(Jgy—1).
@ First thermal averaging, (...), then disorder averaging, (...) .
@ 3D SG transition at T = 1.109(10) (Hasenbusch et al. 2008).

Observables

@ Gauge invariant field with real replicas: gx = s&”s&”
@ Overlap order parameter: q = lv > x Ox

@ Correlation function: C4(r) = (GxQx—+r)
@ Link overlap (interfaces’ density) Qjnk = lVZx QxQxir, F = 1.

@ Clustering correlation function: C4(r|C) = %
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Several conflicting theoretical pictures

@ There exist several theoretical pictures for the low temperature
(T < T;) phase of a spin glass (SG).
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Several conflicting theoretical pictures

@ There exist several theoretical pictures for the low temperature
(T < T¢) phase of a spin glass (SG).
@ Droplet:
e Only two equilibrium states: P(q) = 6(q% — g24)-
e Coarsening dynamics: growth of compact domains
with ¢ = £gea.
@ RSB (Replica Symmetry Breaking, Mean Field):

o All g € [—Qea, gen] are reachable.
e The excitations are space filling.

@ TNT (Trivial-Non-Trivial):
o Intermediate picture: g as in RSB, but the excitations have
vanishing surface to volume ratio (trivial link overlap).

@ Numerical work is needed to make these theories quantitative
and to determine which one best describes the 3DSG phase.
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The Janus Computer

Custom built computer

@ 16 boards with 16FPGA each.

@ 20 ps per spin update.

@ Parallel Tempering on
individual FPGAs.

@ Designed with spin glasses in
mind, but reconfigurable

Madrid (UCM) VMM-CompPhys09-Leipzig November 27, 2009 5/16



The Janus Computer

Custom built computer

@ 16 boards with 16FPGA each.

@ 20 ps per spin update.

@ Parallel Tempering on
individual FPGAs.

@ Designed with spin glasses in
mind, but reconfigurable

70% of Janus time past 14 months: parallel tempering simulation of the
3D SG in large lattices at low temperatures.
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Our parallel tempering simulations

@ A single FPGA did Nt systems. Four replicas of each sample.

Madrid (UCM) VMM-CompPhys09-Leipzig November 27, 2009 6/16



Our parallel tempering simulations

@ A single FPGA did Nt systems. Four replicas of each sample.
@ As few temperatures as possible (acceptance ~ 15%).

Madrid (UCM) VMM-CompPhys09-Leipzig November 27, 2009 6/16



Our parallel tempering simulations

@ A single FPGA did Nt systems. Four replicas of each sample.
@ As few temperatures as possible (acceptance ~ 15%).
@ Temperature swap attempt every 10 Heat-Bath.

Madrid (UCM) VMM-CompPhys09-Leipzig November 27, 2009 6/16



Our parallel tempering simulations

@ A single FPGA did Nt systems. Four replicas of each sample.
@ As few temperatures as possible (acceptance ~ 15%).

@ Temperature swap attempt every 10 Heat-Bath.

@ Dramatic sample dependence of thermalization time.
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Our parallel tempering simulations

@ A single FPGA did Nt systems. Four replicas of each sample.
@ As few temperatures as possible (acceptance ~ 15%).

@ Temperature swap attempt every 10 Heat-Bath.

@ Dramatic sample dependence of thermalization time.

@ Temperature chaos: Tnin needs to grow with L.

L Tonin Tmax | Nr | Ngin Nppax Npped Ns

8 | 0.150 | 1.575 | 10 | 5.0x10% | 8.30x10% | 7.39x10° | 4000
8 | 0245| 1575| 8 | 1.0x10% | 6.48x10® | 2.30x10° | 4000
12| 0414 1575 12 | 1.0x107 | 5.01x10° | 4.48x10” | 4000
16 | 0.479 | 1575 | 16 | 4.0x108 | 2.72x10"7 | 9.37x10® | 4000
24 [ 0625 | 1.600 | 28 | 1.0x10% | 1.81x10™2 | 3.20x10° | 4000
32| 0703 1.549 | 34 | 40x10% | 7.68x10™ [ 1.08x10™ | 1000
32| 0985 | 1.574 | 24 | 1.0x10% | 4.40x10° | 1.13x108 | 1000
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The random walk in T space (I)

Follow the temperature of a single copy during the Parallel Tempering:
the T-random walk is strongly non Markovian
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The random walk in T space (ll)

@ j; temperature index at time ¢; pdf of i uniformin {1,2,..., N7}
@ f(i), with >~ f(i) = 0 (i.e. (f) = 0), changing sign only at i.

® C(s) = (f(it)f(it+s)) — Tint; Texp

@ Automatize analysis: simulation length (at least) 12 7exp

S00010| S00002 S00004 S00049
0.1 0.1 0.1 0.1
0.01 0.01 0.01 0.01
0 5 0 50 100 0 1000 2000 3000 0 10000 20000
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Sample to sample fluctuations in PT dynamics

@ Texp is @ wildly oscillating variable, log 7exp better behaved.
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Sample to sample fluctuations in PT dynamics

@ Texp is a wildly oscillating variable, log 7exp better behaved.

@ log 7exp does not correlate with single T properties (P(q)). Failure
of PT seems a genuine effect of temperature chaos.

220 925
Texp( Tmin = 0.985)

0.6
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The P(q) at low temperatures

Plag=C)=({(C—-q)), T< T

P(q), T=0.702564
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The P(q) at low temperatures

() . pll=occ) _ . p(L=cc)

B ===, droplet: By_;’ =1,RSB: By 7~ > 1
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The P(q) at low temperatures
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The P(q) at low temperatures

B=Z), droplet: B\ = 1, RSB: B3 > 1

T<T,
(9?)
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Correlation functions (1)
Distressing result: £/L KT-like?
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Correlation functions (ll)

A different interpretation:

1
Cu(r) ~ 7 + const. 6~ 0.4
F=2Cys <2L”> ~ D0 x = C4(0) = LP
0.4/2
S N O T 3217 106
L 2Lsin7VF 24
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Correlation functions (ll)

It is best to study clustering correlation functions: F = f_11 dq F4P(q).
Nice scaling for g ~ 0.
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Correlation functions (ll)

Computation of 6. Beware of finite-size effects:

T=0.7025641
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Correlation functions (ll)

Computation of 6. Beware of finite-size effects:

T=0.625
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Equilibrium is relevant to nonequilibrium experiments

Surprise? Non-equilibrium computation of equilibrium Cq4(r|q)
Equilibrium L = 32:0.002 experimental seconds!! (L = 128: 1 hour)

L=32vs. t,=2% L=24vs. t,=2%
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Qlink susceptibility

@ Couple two real replicas through Qjink

H=H"Y + H® 4+ eNQjn

@ RSB: discontinuity (Qiink)—o+ (=00 — (Qink)

@ Droplects expect {Qyink)
@ Finite system:

> 0

e=0—",L=00

differentiable at e = 0.

e,L=c0

d<Q|ink>e,L
de
(mind expected violation of Chayes et al. bound).

Does xLP 2
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Qlink susceptibility

Certainly, not an effect of critical fluctuations (7. ~ 1.1)

40

35 -

25 |-

20

Qlink susceptibility

15 |-

10

Madrid (UCM) VMM-CompPhys09-Leipzig November 27, 2009 14/16



Qlink susceptibility

Effective exponents, already violate Chayes bound. Pre-asymptotic.
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Conclusions

@ Janus allow to reach low temperatures on large lattice.
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@ Cy(r|q): power-law, 6(q) =~ 6(0) [RSB: 6(q) < 0(0)]

@ Qjink susceptibility diverges (non droplet), and pre-asymptotic
effective exponents.

@ Nonequilibrium correlation functions reproduce equilibrium ones.
Computational difficulty of nonequilibrium scales better with L
(&(tw)) than equilibrium.
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Conclusions

@ Janus allow to reach low temperatures on large lattice.

@ Simulation parameters need sample-by-sample customization.

@ P(q) behaves as in an RSB picture

@ Cy(r|q): power-law, 6(q) =~ 6(0) [RSB: 6(q) < 0(0)]

@ Qjink susceptibility diverges (non droplet), and pre-asymptotic
effective exponents.

@ Nonequilibrium correlation functions reproduce equilibrium ones.
Computational difficulty of nonequilibrium scales better with L
(&(tw)) than equilibrium.

@ Large number of well thermalized samples, awaiting further
analysis.
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Future and job opportunities

@ A sequel of the Janus project will be funded by Spanish
government. New machine expected by mid 2012.
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Future and job opportunities

@ A sequel of the Janus project will be funded by Spanish
government. New machine expected by mid 2012.

@ Jobs:

1 year contract, postdoctoral in Madrid (ask VMM).

e 1 year contract, postdoctoral in Zaragoza (ask Alfonso Tarancon).
@ 4 years grant for a Ph.D. in Zaragoza (ask Alfonso Tarancon).
(]

A tenure tack through Ramon y Cajal program (Zaragoza, ask
Alfonso Tarancon; competitive at a national level).
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