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Á� �AkÛM�î�{ (MCH)´ïÄþfnØ�ê��[#�{, Ù`:´�¦Ñ�ÑÄ�

�UÌÚÅ¼ê. ÎMCH�YI�gdâf�&E, �Jí2A^u�:5�nØ. �©JÑ�

Ñù�(J�#�Y. Äk0�ù��Y�g�, ¿±1�þfåÆ�.V (x) = µ2x2 +λx4(Ù¥

µ2 < 0,λ > 0)�~`²¢yù�#�Y�äNO�Ú½Ú�{.

'�c �AkÛ ��M�îþ #�Y Å¼ê UÌ

1 Úó

þfnØkü«IO/ª: =.�KF´»È©

þfz/ªÚM�î�Kþfz/ª. ùü«/ª�

k`":, cö´u¦^O�Å?1ê��[, L�

��õc5, �:5�|Ø��ã�¤õÌ�8õu

�AkÛ­:Ä�{3p�($�Ã��)È©O�þ

�2�¦^. �´.¼/ªJ±O�Å¼êÚ-u�

UÌ. M¼/ª�,U
O�-u�Å¼êÚUÌ,

�J±ép�XÚ?1p�O�, �J±mÐ�Ak

Ûê��[. 1999c, dJIRARI, KRÖGER, Û�c

ÚMORIARTYJÑ��AkÛM�î (Monte Carlo

Hamiltonian, ±e{¡�MCH)�{
[1]

, (Ü
±þ

ü«/ª�`:, 3.�KF/ªe�EÑ��M�

îþ, ?1O�Å�[, ?
��Å¼êÚUÌ, O�

XÚ�9åÆ¼ê. T�{®²�¤õA^uþfå

Æ
[2—4]

9Iþ|Ø¥
[5]

.

MCH�{I�O��[Ý
�. 3þfåÆ¥,

�±ÏL3gdâfXÚ�)|�5O�Ù�[Ý


�. �ù«�{í2��:5�nØ
[6]

�, k�½�

(J. ±ek{�0�Ù¯K¤3.

3J�me, ½Âëêβ = T/~, Kâfl0��

xi  ��Ð��T ��xj  ��"���[AÇÌ

�
[1]

Mij =〈xi,0|xj ,β〉= 〈xi|e
−βH |xj〉≈

N
∑

n=1

〈xi|E
eff
n 〉e−βEeff

n 〈Eeff
n |xj〉 , (1)

ùp^��M�îþHeff Cq�O�©M�îþH ,

=ò¯KdÃ¡��Hilbert�m�:z��ä�k

���Hilbert�m¥5ïÄ.

,	, �â¤ù´»È©þfznØ
[7]

, þã�[

AÇÌ�±��

Mij(β) =
1

K(β)

∫
[dx]e−S(β)/~

∣

∣

∣

∣

xj ,β

xi,0

, (2)

éuþfåÆXÚ, Ù�^þ���

S(β) =

∫
~β

0

dt[V (x)+mẋ2/2] . (3)

�
ÏL�AkÛ­:Ä�{5O��[Ý
�

Mij(β), ò�^þ(3)ª©¤üÜ©:

S = S0 +SV =
∫

~β

0

dt[mẋ2/2]+
∫

~β

0

dt[V (x)] , (4)

Ù¥11Ü©´gdâf��^þ. ù��[Ý
�

�±�¤:

Mij(β) = M 0
ij(β)×

∫
[dx]e−SV (β)/~e−S0(β)/~

∣

∣

xj ,β

xi,0∫
[dx]e−S0(β)/~

∣

∣

xj ,β

xi,0

, (5)
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M 0
ij(β)éAugdâf�DÂf. ~X, 31�þ

fåÆ¥, §kXe)ÛL�ª:

M 0
ij(β) =

1

K(β)

∫
[dx]e−S0(β)/~

∣

∣

xj ,β

xi,0
=

√

m

2π~2β
e−m(xi−xj)2/2~

2β , (6)

ù�3^�AkÛ­:Ä�{5O�(5)ª�¡Ü©

∫
[dx]e−SV (x)/~e−S0(x)/~

∣

∣

xj ,β

xi,0∫
[dx]e−S0(x)/~

∣

∣

xj ,β

xi,0

���Ò�±��Mij(β), ¿æ^�5�ê�{òÙ

é�z=���XÚ�UÌÚÅ¼ê
[1]

.

þã�Y�Ñu:��´µ3þfåÆÚ|Ø

¥, éugdâf½gdIþ|, M 0
ij(β)k)Û). �

´é�:5�nØ
[6]


ó, ØN´l�^þ¥©Ñg

d�^þ
O�)ÛÑM 0
ij (β), 7LéÑ#�{5O

�Mij(β).

�
òMCH�{í2A^u�:5�nØ, ©

¥JÑ���±�Ñþã(J��Y. 12Ü©ò0

�ù��Y�Ä�g�, 13Ü©±1�þfåÆ��

.³V (x) = µ2x2 +λx4(Ù¥µ2 < 0,λ > 0)�~, `²

¢yù�#�Y�äNO��{ÚÚ½, ¿é(J�

�
?Ø.

2 MCH#�Y�Ä�g�

2.1 �n

d(1)ª��

∂
∂β

lnMij(β) =−
〈xi|He−βH|xj〉

〈xi|e−βH|xj〉
. (7)

|^(7)ª, �±½Â²þUþ�Î Û , ÙÝ
��

Uij(β) =−
∂

∂β
lnMij(β) =−

〈xi|He−βH|xj〉

〈xi|e−βH |xj〉
. (8)

´ � Uij(β) · Ü ^ � A k Û � [ � { ? 1 O �.

é(8)ªÈ©��

Cij(β) =
Mij(2β)

Mij(β)
= e

−

∫
2β

β
Uij(β′)dβ′

. (9)

,��¡, l0��xi  ��Ð��2~β ��xj

 ��"���[AÇÌ�±��

Mij(2β) = 〈xi|e
−2βH |xj〉≈

N
∑

k=1

〈xi|e
−βHeff

|xk〉〈xk|e
−βHeff

|xj〉=

N
∑

k=1

Mik(β)Mkj(β) , (10)

d(9)Ú(10)ª��

Cij(β)Mij(β) =

N
∑

k=1

Mik(β)Mkj(β) , (11)

ù´��±N×N ��[Ý
����þ���5�

§|, )�����AkÛ��M�îþ�éX�Ý


M(β). ,�^�5�ê�{éÙ?1é�z

M(β) = Λ+D(β)Λ , (12)

Ù¥Λ�N�Ý
!D �é�Ý
. ù�, '�(1)ª

Ú(12)ª��

Λ+
ik = 〈xi|E

eff
k 〉, Dk(β) = e−βEeff

k . (13)

d(13)ª��1k �Uþ���

Eeff
k =−

lnDk(β)

β
, (14)

�A/1k ���Å¼ê�dN�Ý
Λ+�1k �

��, ù�Ò��XÚ�UÌÚÅ¼ê�Cq). d

dÒ�±?�ÚïÄNX�9åÆ5�, X'9!g

dU!�(��.

2.2 ÚOØ���O

�â(11)ª, Mij(β)�ÚOØ�´dCij �ÚO

Ø�û½. Cij �ÚOØ�´dUij �ÚOØ�û½�.

3¦^(8)ª?1�AkÛ�[�, �±��Uij �Ú

OØ�.

b�ò«� [β,2β]©¤°�∆β′ �Nβ �°, æ^

Metropolis­:Ä��{
[8]

O�(20)ª¤«�)ü�

à:3S�Nβ+1��©:?�Uij(β
′). K(9)ª�C

q�Cij(β) ≈ exp

[

−
Nβ
∑

k=1

Uij(β
′

k)∆β′

]

, eUij(β
′

k)�Ú

OØ��∆Uij(β
′

k), KCij(β)�ÚOØ��

∆Cij(β)≈Cij(β)∆β′

√

√

√

√

m
∑

k=1

(

∆Uij(β′

k)
)2

.

)(11)ª¤«���5�§|��Mij ¿O�Ñ

Cij(β)�ÚOØ��, =��OMij �ÚOØ�∆Mij


. d(11)ª��

( N
∑

k=1

(Mik∆Mkj+Mkj∆Mik)

)

−Cij∆Mij = Mij∆Cij ,
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)d�àg�5�§|, ��Mij �ÚOØ�∆Mij.

,�, �±¦^eãS��Y��U?ÚÅ¼ê�Ú

OØ�.

Äkb�Å¼êÝ
ΛØC, duØ�∆M(β)

� Ú \, � 3 Ý 
 D′(β), ¦ � D′(β) = Λ[M(β) +

∆M(β)]Λ+, ù�D′(β)Ý
�k 1k ����

[D′(β)]k,k = exp[−β(Eeff
k +∆Eeff

k )] , (15)

Ù¥∆Eeff
k �∆M(β)Úå�1k �U?�Ø�. âd

´�

∆Eeff
k =−

1

β
ln([D′(β)]k,k)−Eeff

k . (16)

Ùgb�U?Eeff
k ØC, �3Å¼êÝ
Λ′ = Λ+∆Λ,

¦�

M(β)+∆M(β) = Λ′+D(β)Λ′ = (Λ+∆Λ)+D(β)(Λ+∆Λ),

(17)

Ñ�Ú∆Λ�'�pg�, ��

(∆M)ij =

N
∑

k=1

e−βEeff

k [Λik(∆Λ)kj +Λkj(∆Λ)ik] ,

i = 1,2, · · · ,N ;j = 1,2, · · · ,N . (18)

ù´���5�§|, )d�§|, ��Ý
∆Λ, 


1k �Å¼ê�Ø�dÝ
 (∆Λ)+ �1k ��Ñ.

3 O�¢~

3.1 O�úª

�âþã�n, Äk0�3þfåÆ¥XÛ¢y

þã�Y.

3þfåÆ¥, ò��m�'�Cþβ �:z

� þ ! � Nt °, m å � at, = β = atNt. 5 ¿ �

K(at) =

(

m

2π~at

)Nt/2

, d(2)ªÚ(8)ª��

Uij(β) = −
1

Nt

∂
∂at

ln

[

1

K(at)

∫
[dx]e−S(at)/~

∣

∣

xj ,β

xi,0

]

=

1

2at

+
1

~Nt

∫
[dx]

∂S

∂at

e−S(at)/~
∣

∣

xj ,β

xi,0∫
[dx]e−S(at)/~

∣

∣

xj ,β

xi,0

. (19)

ò(3)ªU��lÑ/ªµ

S(at)≈

Nt−1
∑

k=0

[

1

~at

m

2
(xk+1−xk)2 +~atV (xk)

]

�\(19)ª, ��

Uij(β) =
1

2at

+
1

~Nt

×

∫
[dx]

Nt−1
∑

k=0

[

−m

2~a2
t

(xk+1−xk)
2 +~V (xk)

]

e−S(at)/~
∣

∣

xj ,β

xi,0∫
[dx]e−S(at)/~

∣

∣

xj ,β

xi,0

,

(20)

þãL�ª¥��¼´»È©�'��±^�AkÛ

­:Ä�{O�.

3.2 �.!O�ëêÚÚ½

©¥±�þf|Ø¥φ4 �.�q�1�þfåÆ

�.³V (x) = µ2x2 +λx4(Ù¥µ2 < 0,λ > 0)�~?1

O�. O�ëêÚÚ½Xe:

(1) À�µ2 = −0.5, λ = 0.25, ~ = 1, m = 1,

β = 0.5, �m�:êN = 13, dx = 1.0, ò«� [β,2β]

©¤Nβ = 20�°, æ^Metropolis­:Ä��{
[8]

O

�(20)ª¤«�)ü�à:3S�21��©:?�

Uij(β
′).

O�z��Uij(β
′)�, ký9500�|�, ¿z

�100�|�?1�gÄ�. xi =xj�, ��m�:ê

Nt = 20, �Ä�500g, O�ÙÚO²þ�ÚÚOØ

�; xi 6= xj �, ��m�:êNt = 40, �Ä�1000g,

O�ÙÚO²þ�ÚÚOØ�.

(2) ¦^ê�È©�F/úª¦Ñ(9)ª¤½Â�

Cij(β)�Cq�, ��13×13����C Ý
.

(3) )��5�§|(11), �±��13×13���

�M(β)Ý
. æ^�5�ê�{òÙé�z, =��

��A�UÌÚÅ¼ê�ê�).

(4) ^cã�{O�U?!Å¼ê±9§��Ú

OØ�, ¿�ã.

3.3 O�(JÚ?Ø

L1�Ñ
^MCH#�Y���UÌ, ã1�ã

3�MCH#�Y���Å¼ê, ¿ÚÎMCH�Y�

��UÌ(ÀJ�Ó��[O�ëê)±9Äu!:½

nRunge-Kutta�{
[9]

���UÌÚÅ¼ê�'�.

lãL��, MCH#�Y�(JÚ,	ü«�{�

(JÎÜ�éÐ, ùÒy²
�AkÛ��M�îþ

#�Y´�1�.

L 1 c4�U?�O�(J

þfê U? U? U?

n (New MCH) (Old MCH) (Runge Kutta)

1 0.1422±0.0026 0.1491±0.0096 0.1472

2 0.8441±0.0563 0.8698±0.0264 0.8722

3 2.1421±0.0152 2.1546±0.0469 2.1279

4 3.8479±0.2327 3.7173±0.0944 3.5910
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éu��Y�O�L§, ±eA:��`².

(1) ��Y¢�����(J´¦)(11)ª¤«

���5�§|, du§´��àg�§|, �3²

�)(¤k��ê�0), 
ý��)���kØ��C

", Ïd^¦)��5�§|����{4´��²

�). �ò§=z��Û`z¯K\±¦)�, Ï�

8I¼ê�3�þÛÜ4�:, Úî{ÃU�å, �

�æ^�[ò»�{
[10]

¦��Û�`)�2^FÝ

{?1ÛÜ|¢¦). ù�N ØUÀ���. ���

N ¬¦�O�ó�þ�O.

(2) Nt, Nβ �ÀJ·�. Nt ��¦��m���

´»È©Ú���, Úå�^þ�at Ø���. ��

��Nt ½¦�´»�\­ò, I��p�ÚOþ. X

ã4¤«, Nt 3�½���S, (J'�­½. Ón

Nβ ��ÀJ·�. Nβ ��¦�ê�È©Ú���,

ÚåCij Ø���. ����Nβ Ø�¦Å�O\, 


�¦�ÏLUij D4�Cij �Ø�O�, Úå(J�Ø

­½. Xã5¤«, Nβ 3�½���S, (J�'�­

½.

(3) 3¢SO�¥, 5¿��.³�é¡5¦�

Å¼êäk(½��¡, |^Å¼ê�é¡5�±¦

��5�§|�Cþê8��~�.

ã 1 Ä�Å¼ê

ã 2 11-u�Å¼ê

ã 3 12-u�Å¼ê

ã 4 Cij �Nt �Cz

ã 5 Cij �Nβ �Cz

4 (Ø

�©Qã
MCH#�Y�êÆÚÔn�n, 0

�
��ÚOØ���{, ¿�±1�þfåÆ�.

³V (x) = µ2x2 +λx4 (Ù¥µ2 < 0,λ > 0)�~u�


��Y��15. (JL², �#�YØI���g

dâf�?Û&E, Ò�±¦��[Ý
�, l
�
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ÑÄ�Ú-u��UÌÚÅ¼ê. §�(�±�Ñ

MCHÎ�Y�(J, �òMCH�{í2��:5�

nØ:-
F"�1. 'å�:5�nØ�~5O�

�{, MCH�{kF"A^uïÄQCD-u�Úk

��Ý�C
[11, 12]
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New Approach to Monte Carlo Hamiltonian and Test*
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Abstract Monte Carlo Hamiltonian method is a new algorithm for numerical simulation of quantum theories. The

advantage is its ability to study spectrum and wave functions beyond the ground state. The previous approach needs

information on free particles and is difficult to be used for lattice gauge theory. In this paper, we propose a new approach

to MCH, which may overcome the difficulty. We describe the basic ideas, and use a 1-dimensional quantum mechanical

model V (x)= µ2x2 +λx4(with µ2 < 0,λ > 0) as an example.
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