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Methods for studies on quantum magnets are overviewed. In the classical picture, spin can be regarded as a vector of 
magnetic moment. But, various interesting properties due to the quantum effects have been studied as the so-called 
‘quantum spin systems’1). Quantum mechanical effect in spin systems is originated in the non-commutative property of 
spin operators: zyx SiSS =],[ , etc. In order to take into account the quantum effect, we need to treat the Hamiltonian 
matrix H of the system whose matrix is of 2Nx2N for a system consisting of N spins of S=1/2. The straightest way to 
study the system is a diagonalization method to obtain the eigenvalues and eigenvectors of the matrix. To study finite 
temperature properties, we calculate Tr exp(-βH), and we need all the eigenvalues and eigenvectors2). However, often 
we are interested in low temperature properties of the system, in particular the ground system. There, we may use 
iterative methods for the low energy states, such as the Lanczos method. For such purpose, TIT-pack was released3), 
which encouraged studies in this field in Japan, and several method to extrapolate the data has been developed.4). But, 
the system size is still limited. 

To study a large system a quantum Monte Carlo (QMC) method by making use of the Suzuki-Trotter method5) has 
been introduced. This method has been developed with the idea of the loop algorithm and the continuous imaginary 
time algorithm6), and methods to take into account effects of lattice distortion have been also developed. Now QMC is 
the one of the most reliable methods for quantum many body systems. However, the method consists of a sampling of 
the so called world lines (paths in the path-integral method) 7), and suffers from the so-called ‘negative sign’ problem, 
and cannot be applied to frustrated system efficiently.  

As an efficient method to study large systems in one dimension (1D), the so-called DMRG (density matrix 
renormalization group) method was invented8). The idea of this method has been developed and is now one of the most 
powerful method for 1D systems. This method is extended to higher dimensions9) also to finite temperatures. The 
similar idea has been introduced as the matrix-product method10), and recently it has been studied extensively as 
tensor-network methods.11) 
 
Magnetic resonance is also an important subject of the study of magnetism. The ESR spectrum is given by Kubo 
formula. As a microscopic approach, a direct calculation of the formula by making use of full diagonalization has been 
introduced12), which gives precise information of the spectrum for given systems, e.g., the effect of spatial configuration 
of the lattice, the dependence on the field direction. Application of this method is also limited to small sizes because it 
uses diagonalization of the system Hamiltonian. For the ESR spectrum in the ground state, we may use the idea of 
Lanczos method, and also DMRG (dynamical DMRG)13,14). For finite temperatures we can make use of the time 
evolution of the so-called typical state.15,16,17) The field and temperature dependent in 1D systems has been studied bay 
making use of field theoretical informations18). The typical state would give a seminal method to give temperature 
dependent thermal properties17). 
Moreover quantum dynamics is also an important issue in quantum magnets. The dynamics of magnetization under 

time dependent field reflects the energy level structure of the system. Such effect was observed in single molecular 
magnets (SMM) such as Mn12, Fe8, and V15, etc. 19) The importance of the Landau-Zener process was pointed out.20) 
The dynamics in dissipative environments is treated by the quantum master equation21). The combination of quantum 
dynamics and dissipative effects provides interesting phenomena, such as the phonon-bottleneck effect or magnetic 
Foehn effect22). Recently the hybridization between magnetic state and photon state in a cavity attracts interests in the 
context of manipulation of quantum state. The quantum master equation is also used to emulate such quantum 
dynamics23). In quantum systems, the so-called quantum fluctuation plays an important role. By making this fact, the 
so-called quantum annealing method was invented24). This method is used in a quantum computing of the D-wave 
machine.25) 
 
With the development of super-computer such as the K-computer, massive parallel algorithm allows us to use a large 
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memory. Such technique has been established, and now systems with more than 40 spins (S=1/2), can be calculated.26)  
Recently the system ALPS is released for non-specialists, in which some of the above methods are prepared in 
user-friendly way27). 

Reference 
1) S. Miyashita: 量子スピン系 (in Japanese), Iwanami-Shoten (2006). 
2) J. Oitmaa and D. D. Betts: Can. J. Phys. 56 (1978) 897. 
3) TITPACK: http://www.stat.phys.titech.ac.jp/~nishimori/titpack2_new/index-e.html 
4) 野村清英，岡本清美: BKT 転移とレベルスペクトロスコピー, 日本物理学会誌 56 (2001) No.11, pp.836-844. K. 

Okamoto, T. Tonegawa, H. Nakano, T. Sakai, K. Nomura and M. Kaburagi: J. Phys. Conf. Ser. 320 (2011) 012018. 
5) M. Suzuki: Prog. Theor. Phys. 56 (1976) 1454. M. Suzuki, S. Miyashita and A. Kuroda: Prog. Thoer. Phys. 58, 

1377-1387 (1977). Quantum Monte Carlo method in Equilibrium and Nonequilibrium Systems, ed. M. Suzuki 
(springer-Verlag, 1987).  

6) H. G. Evertz: Adv. Phys. 52 (2003) 1. 
7) H. Onishi and S. Miyashita: J. Phys. Soc. Jpn. 72, 392 (2003). 

H. Sawa, Geometrically Constructed Markov Chain Monte Carlo Study of Quantum Spin-phonon Complex Systems, 
Springer (2014) DOI 10.1007/978-4-431-54517-0. 

8) S. R. White: Phys. Rev. Lett. 69 (1992) 2863; Phys. Rev. B 48 (1993)10345.U. Schollwock, Rev. Modern Phys. 77 
(2005) 259; and Ann. Phys. 326 (2011) 96. 西野友年、日永田泰啓、奥西巧一: 日本物理学会誌 55 (2000) 763. 

9) T. Nishino, Y. Hieida, K. Okunishi, N. Maeshima, Y. Akutsu, A. Gendiar, Prog. Theor. Phys. 105 (2001) 409. 
10) G. Vidal, Phys. Rev. Lett. 91 (2003) 147902, and ibid. 93 (2004) 040502.  

A.J. Daley, C. Kollath, U. Schollwock, G. Vidal, J. Stat. Mech.: Theor. Exp. (2004) P04005. S.R. White, A.E. 
Feiguin, Phys. Rev. Lett. 93 (2004) 076401. 

11) R. Oris: Ann. Phys. 349 (2014) 117. 
12) S. Miyashita, T. Yoshino and A. Ogasahara, J. Phys. Soc. Jpn. 68, 655 (1999). 
13) S. Ramasesha, S. K. Pati, H. R. Krishnamurthy, Z. Shuai, and J. L. Br´edas, Phys. Rev. B 54, 7598 (1996). E. R. 

Gagliano and C. A. Balseiro, Phys. Rev. Lett. 59, 2999 (1987).,.  
14) E. Jeckelmann: Phys. Rev. B 66, 045114 (2002). 
15) T. Iitaka and T. Ebisuzaki, Phys. Rev. Lett. 90, 047203 (2003).  M. Machida, T. Iitaka, and S. Miyashita, Phys. 

Rev. B 86, 224412 (2012) 
16) A. Hams and H. De Raedt, Phys. Rev. E 62, 4365 (2000) 
17) S. Sugiura and A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012). 
18) M. Oshikawa and I. Affleck, Phys. Rev. B 65, 134410 (2002). 
19) B. Barbara, Phil. Trans. R. Soc. A 370, 4487 (2012). L. Thomas, et al., Nature 383, 145 (1996). C. Sangregorio, et 

al., Phys. Rev. Lett. 78, 4645 (1997). 
20) L. D. Landau, Phys. Z. Sowjetunion 2, 46 (1932); C.Zener, Proc. R. Soc. London, Ser. A 137, 696 (1932);E. C. G. 

Stuekelberg, Helv. Phys. Acta 5, 369 (1932); E. Majorana, Nuovo Cimento 9, 43 (1932). S. Miyashita, J. Phys. Soc. 
Jpn. 64, 3207 (1995); ibid. 65, 2734 (1996). 宮下精二：日本物理学会誌 53 (1998) 259. 

21) K. Saito, S. Miyashita and H. De Raedt: Phys. Rev. B 60 (1999)14553. 
斉藤圭司、宮下精二：日本物理学会誌 59 (2004) 760. 

22) I. Chiorescu, W. Wernsdorfer, A. Mu¨ller, H. Bo¨gge and B.Barbara: Phys. Rev. Lett. 84 (2000) 3454. K. Saito and 
S. Miyashita: J. Phys. Soc. Jpn. 70, 3385-3390 (2001). 

23) I. Chiorescu, N. Groll, S. Bertaina, T. Mori and S. Miyashita: Phys. Rev. B 82, 024413 (2010). 
S. Miyashita, T. Shirai, T. Mori, H. De Raedt, S. Bertaina, I. Chiorescu: J. Phys. B 45, 124010 (2012). 

24) T. Kadowaki and H. Nishimori, Physical Review E, Vol. 58, 5355 (1998). A. Das and B. K. Chakrabarti, Reviews 
of Modern Physics, 80, 1061(2008). G. Santoro and E. Tosatti, Journal of Physics A, 39, R393 (2006). 
大関真之、西森秀稔:日本物理学会誌 Vol. 66, p. 25, (2011). 

25) H. Nishimori: http://www.stat.phys.titech.ac.jp/nishimori/ 
26) H. Nakano and T. Sakai: J. Phys. Soc. of Jpn. 83 104710 (2014). 
27) B. Bauer et al. J. Stat. Phys. (2011) P05001. 藤堂眞治: 日本物理学会誌 70 (2015) 275. 

 299 

http://www.stat.phys.titech.ac.jp/~nishimori/titpack2_new/index-e.html
http://www.stat.phys.titech.ac.jp/nishimori/

	Reference


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


