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ABSTRACT,

We study the magnetic properties of the Sherrington-Kirkpatrick
model for spin glasses doing Montecarlo simulations for 200 spins.
Excellent agreement is found with the theoretical predictions of the

new version of the replica theory,
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Recently it has been suggested that the appropriate order parame
ter for spin glasses is a function q(x) defined on the interval 0-1 (P_a_
risi 1979 a, b, ¢). If this function is a constant we recover the predic-
tions of the standard replica theory. If q(x) is not a constant, the repli
ca symmetry is broken (de Almeida and Thouless 1978, Pytte and Rud
nick 1979). This method has been used to compute the broperties of
the S-K model,

The S-K model (Sherrington and Kirkpatrick 1975) is an infinite
range model where N Ising spin 0; interact via a random Gaussian

exchange interaction Jijk with:




<Ji2k>=-l%-- it k. (1)

The model is not realistic, however it is believed to be soluble,
when N -, in the appropriate mean field theory, so that it is a good
testing ground for different approaches.

The predictions for the internal energy U(T) and the entropy S(T)
at zero magnetic field H, are in perfect agreement with the Montecar
1o simulations of Sherrington and Kirkpatrick (1978).

A sharp disagreement is present for the zero field magnetic su-

sceptibility, X(T). The theoretical prediction is (Parisi 1979 c):

2(T) =1 for T« T, (To=1) (2)

while the computer simulations give
2(T) = aT + 0(T2) . (3)

where the value of a is compatible with the suggestion of Thouless,

Anderson and Palmer 1977:
a = 2(n 2)1/2 ~ 1,665 . (4)

The susceptibility 2(T) has been computed in the Montecarlo si-

mulation using the linear response theory. In this approximation:
2(T) = (1 - agp)/T ‘ (5)

where the physical order parameter Aph is defined as (Edward and

Anderson 1975):
2
EIRR = <<cri> > . (6)

The inner braket indicates the thermodynamic expectation value,
the outer braket indicates the mean over the random couplings. The

theoretical predictions of the new replica theory are

dop = D)

H

2(T) = (1- fa) ax)/T # (1 - ag)/T
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Egs. (5-7) implies that the linear response approximation breaks
down at H = 0., Indeed massless modes and long range correlations are
present at H = 0 (Bray and Moore 1978, Parisi 1979 b) and the non va
lidity of eq. (5) is quite likely connected to the overturning of large clus
ters of spins for small H, According to this analysis the discrepancy
between eq. (2) and (3) are due to an unallowed use of the linear respon
ce approximation ; this possibility is strongly supported by the good
agreement of the predictions of the new replica theory for Yh with the
Montecarlo simulations,

In order to test the correcteness of eq. (3), we have done Monte-
carlo simulations of the properties of the S-K model at non zZero ma-
gnetic field, We have computed the magnetization m(H) the internal
energy U(H) and leh(H) as function of the field H at various tempe-
ratures. In Figs. 1, 2,3 we show the results of the Montecarlo simu-
lations and the predictions of the replica theory at T = 0, 3.

The agreement is quite good. The dashed lines in Figs. 1,2 are
the predictions obtained from eq. (3), which are in neat disagreement
with the computer simulations. Similar results hold also at different
temperatures,

We have studied 50 systems with N = 40, 50 systems with N = 100
and 25 with N = 200. The standard Montecarlo technique has been used.
In order to avoid the danger of locking the system in a metastable sta-
te, we have started putting the system at a temperature higher than T,
(T, = 1). After we have gradually frozen it to the final temperature,
we have finally let the system evolve for 400 Montecarlo steps for spin
and we have averaged the results of the last 200 steps, Longer runs
with also different cooling procedures have been done as tests., No sy-
stematic changement has been observed. The error bars on our re-
sults are purely statistical and are due to variation from system to
Systern. We have checked that the zero field results agrees with those
of previous Montecarlo simulations (Kirkpatrick and Sherrington 1978).

The agreement of the predictions of the new version of the replica




FIG. 1 - The full line is the prediction of the new version of the
replica theory (Parisi 1979b) for the magnetization m(H) as
function of H at T =0.3. The outputs of the Montecarlo simula
tions are shown for H = 0, 0,15, 0.3, 0.6, 1, 1.41, 25 systems
of 200 spins have been averaged and the error bars denote the
statistical error (1 standard deviation). The dashed line is the

prediction eq, (3) for small fields.
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FIG. 2 - We plot UH) - —;— H.m(H) as function of the magnetic
field at T =0.3, The full line is the prediction of the new version
of the replica theory, while the dashed line is the prediction co-
ming from eq. (3), using Maxwell type relations. The bars deno
te the average of 25 systems of 200 spins with their statistical
errors. The points and the crosses are the average of 50 systems

of 100 spins and 50 systems of 40 spins respectively,
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FI1G. 3 - We plot dph as function of H at T=0.3, The bars are
the average of 25 systems of 200 spins ; the full line is the pre-
diction of the new version of the replica theory. The disconti-

nuity in the slope of qph(H) at H = H, & 1 is the signal for the

transition from unbroken to broken replica symmetry.
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theory with the Mon’;ecarlo simulations supports the correcteness of
eq. (2), however it would be interesting to have better simulations for
qph(H) in order to test the predicted changement of slope at H = H,(T)
(HC(O.ci) = 1).

We believe that there is convincing evidence that the properties of
the S-K model are computed correctly by the new version of the repli
ca theory, and that the "soluble" model for spin glasses is soluble in-

deed,.



REFERENCES.

Bray A.J. and Moore M, A. 1978 Phys. Rev. Letters 41, 1069.

de Almeida J.R.L. and Thouless D.J. 1978 J. Phys. All, 983,
Edwards S.F. and Anderson P. W, '1975 J. Phys. F5, 965,

Parisi G. 1979 a Frascati Preprint LNF-79/39; submitted to J. Phys. A.
Parisi G. 1979 b Frascati Preprint LNF-79/46 ; submitted to J, Phys. A,

Parisi G. 1979 c Frascati Preprint LNF-79/47 ; submitted tc J. Phys. C
Letters.

Pytte F. and Rudnik J. 1979 Phys. Rev. B19, 3603.
Sherrington D. and Kirkpatrick S. 1975 Phys. Rev. Letters 35, 1972,
Sherrington D. and Kirkpatrick S, 1978 Phys. Rev. 17B, 4385,

Thouless D.J., Anderson P. W, and Palmer R. G. 1977 Phil. Mag. 35,
593.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


