goobooooboood

gobooooooooooooboooooogooobooooooooboooobbooboobobooboooDboogo
0000000000000 0000000000000000000000DO0D00000000 (lattice field
theory) 000000000 OO0OOOOOOOOOOOOOOOOOO

ooooooooooobooooooooooooooooooooboooooooooooOoooboooooono

oooooooooooooooooooooooooodd »,t, 0000 zp, ¢, 0000000000000
0000000000000 2(t)0 2¢) 000000000000 OOOOO0OOOOOOO SOOOOOOO
O L0000 ((@Moooooon)

s— [ aire(), i)

2]

goooooooogogo sSgooooooo0oooOoooooU0Uoooo0oUoooooooOoooDboooOog
O00+h00000000exp0000000000OO0O0ODOOOO0OODDOOO0OUOOOOOOOODOOO
oooooooooooD x,t; 0000 xzp,tp00000000000000O0O

< axs(ty)|zi(t; >~ZexpzS
path

000000000 (0000000000 Ah=1000000)0peth000000000OOOOODOO
ooo¢+¢ o0, 00000000

ty —1;

At = N

Cth=t;+kAt (k=1,2,...,N—1)

goooooooobooboooboooooboob0ob00 N - OobOoboboooboboobooboboo
gooooboooobooon

<xpty)|mi(t;) >=N hm /Hdwkexpzs

0000000000000 NDOODDOOOO0,000 000000000 SO000000000 z(t), z(tk)
obooooOoboooooon

obooobOobooOobOOobooooOOoooobO0oboobo0ob0ooob0o0oboO0ong zy,ze,...zy 0000000
t, =t 00 t; =ty 000 tg,t0,...,ty1 0000000000O0000O0 ¢oOO0OO

M—o00 N—o0

M N-—
< ¢plx,ty)|pi(x,t;) >=N lim  lim /H H (x;,tr) exp[iS]
j=1 k=1

DDDDDDDDDDDDDDDDDDqﬁ(:zj,tk),gi)(xj,tk)DDDDDDDDDDDDDDDDDDDDDDDD
gooooobogoooooooooooogoooooobooooooboobbooobbooooobooDboboOoo
gboboobobooobooboooobooboooooboooooon



gboobooobooboooooooobooobooboobooboboobooooOoobooobooobooboOobOOobobobon
gboooboboobboboboodbibt = —ir=—xy 0000000000 0O00DOO0OODOOODOO0OOO0O
Uboob0b0o0i0g exp 0O

exp[iS] = exp[—SEk]

SE = /d4$E£E

gobobooorOO0O0O0ODOOODOOOOOOOOOOOOOOODODODODODODOODODOODOOO
gboooboooboobgooboooboobobobboboboooobobobooboobooon

TpYp = T1Y1 + T2Y2 + T3Y3 + TaYs = T - Y + Taya
odooo0oo0oooooobooboooboooo01~40000000000000000O00O00O0O0OO

gooooboobooooboobouoooobooobooooboooobobboooDooooo
gbboobooboooobooboooobobooboobobooooboobooboboooooboooog

1 1
_ - w2 02
L 28u¢3¢ 2m¢

gbooobooboobon

% L pO" P — %m2¢2 = 1(7 (%)2 _ (V¢)2) . lngbz ( 0 . 0 )

2 8.’174 2 8733072675(54
_ 1 9bve (0P y2 (0P ya 05\ 1 oo
- 2(8x1 + 0o + Oxs + 6:104)) 2m¢

1 1
= —50u00u6 — §m2¢2

Uboo00ob000n0 expon

exp[z’/d4x£] :exp[z’/d‘lx(%ﬁu(b@“(é— %m2¢2)] = exp{/d‘%ﬂ—% 0, — %m2¢2)}
—exp [~ [ dlon;@,00,0+ m*?)]

= exp [— /d4xE,CE}

(id4x =dzp , d*zp = dx4d3x)

googboobooboobobbooboobooboo



Lo = 5 (0606 + m*6?)

ooooboooono
o0 Jobooooboboooooboooobooong

I
—
>
<
@

”
=)

I
>,
<
¢}
»
T
ISH
S
8
&
—

OooooDoooOo Og 0

0? 0? 0? 0?

Hr=omt e T o

00000000000 ZJ]0000000000000000 ¢(2)0 ¢(z)+¢/(x) 000000000000
¢(z)0000000000000000000000000000

Ok —m?) ¢/(x) = —J ()
goooooooooog (DDDDDD)D
¢ = / dysGz — )7 (y)

(DE - m2) G(x) = —0(x4)8% () (1)

ugboabooaoooogaoo

ZlJ) = /D¢6Xp /d4$E( o0k — 2)¢+%J¢I)]
= [ Do [ [ dapo@p - m?)o+ 5 [ dandiye @6 w)

= Nexp[ /d4xEd4yEJ( )G(xay>‘](y):|

000000()00000000000U0OeROOO0OOO

G = —...—Z[J]



0000000000000000000000000000000 G(e,y)0000000000000400
00000000000000000000 (1)000000000000000:0000000000000
000000000 (8(zg) = i6(xq))0
000000000000000000000000000000000000000000000000000
ooo
0000000000000000000000000000000000000(0000)0e040000
000000D00000000000000000000000 2,004,5,k(000000e;,23400000
0000000000

z, = an, = a(ie; + jes + keg + les)

gbooobobo2000000000D0 e0000Db0OO0OO0O0ODOODOOOOODOODOOOOODOOOOn
ooboooobooooOooobOooboobooboobooob1oboboobobooooooooboooboooboooooon
gbooobOobooooboboooobooooobooboonoo

a;f(xn) = /f(an)adn = /f(m)da:

z,=anU000000c00000D00CO0O0O0O0O0DOOOOOOOOOOOODOOOOOOOOOOO0O0O0OO0
gooooOobo0ooooboboboobDobooooobooDn

CLZ f(xn)éénm = f(zm)

boboooboobooooboooooooooooooooOooboobOoobOoobOobobobobobobooobon
ooooobooooo

/ " @)s(e -y = 1)

gboogoooboobobboboobooboobooobo

1

gboabuoobouoobgoooboab
goooboobooobooboobooobbooboobo

4wy - (2O @ @)

000000000 (100000) 000000 100000oo200000000

d? 1(f(x+a+a)—f(x+a)

Wf(x) = a a a a?

f(l‘+a)—f(w))_ flz+2a) = 2f(x +a) + f(z)

oboocobOobooooboboooooboboooooboooboobooooonoo



a

00000000000 (2)000oo0@3) o000 U0o00U00D000o0DooOUoD 20000

P pey » LSy | 1S i

flx) = flz - a))

a

fx+a)+ f(z—a) - 2f(z)

a?

gboooboobobooboobooboobood
ubooobooboooooboooooao

oo

1) = [ dof)e ™ = 1) = Y af@e ™ (o= na)

n—=—oo

goboooooboooooobooboboooooboobboooooobooobooooboooboooboogoon
obboo00b0O0d expOOOOOO

exp[—ipa] = expl—iapn]

oono

f) = fip+ 25

a
00oo000o0oU0oU0ooDO0obD000o0o0o0o0oo0oo0o0o00n —n/a~+7/a000000000C0O
0000000000000 (Brillouin zone) 00000 (D00D0D0D0O0DD0OOO0O0ODOOOO)DOODOOOOO
oood

w/a )
fen) = [ L rwer

—7/a 27

obooooOobooooboobooooooooooobooooobooobooooooboon

5(z —y) :/ P ip(z—y)

oo 2m

gboooboooooogn

a [

a
S = — dpeip(wn —Tm)
21

—m/a

000000000000 00000000UO0O0O0 e/2r0n=m0000 27/a000000000000
ooooobooooboboooobooooooboooobobobooooboooo
000000000000000000000000000000000000000000U0000 é(x) O



1)

ﬂ@é _

. (z—y)
000000000000 00000000000000OUO0O0O00UOOOé0)DODOODUUOUOOO
goooooooboooooooobooooobooooooooboooooooo 2W5(O)DDDDDDDDDD
ooo
dd0o000o0o0oooObObOOOO0O0000000000o0obOoObObO00bboOD e00 40000000000

oooooooono

[poess [~ 5 [dopo-0p+me] = [[Jdoteexn [~ 5a* S ol (-0+ m2)o(an)]

00000000 (0000000000000 0O0000Dd0o0DooOo0DUOoOO0O)D0o0DUooOoUOo
ooooo

Z[J] —exp[ 82an xn,xm)J(xm)}

oooooooooooooboooooooooboooooooobbOoOooooooooooooo Joooog
2000000000000000 (0000000000000 D0D«0000000000)00000000
0000 G(z,,z,)00OD0O0D0O0OODOOOOO0OO0ODO0OO0OO0OUOOO0OOOOOOODOOOODOOUOOOOOOOO
oooooooo

5t o555+

0? 02 o2 0?
FERE AR )

(Op —m?)é =0 (DE -

gbooobOoboooobobooooboboooooboboooboobooon

- m2¢(xn) =0

24: (tn + aey) + Plan —ae,)  8(zn)

a? a?
p=1
000000002, 0e0400000000e,0p,00000000000000O00((@0OO0O0DOODOO
0000000000000 1000000000 0o00U0oO00)bOD00LOpO0DODO0O0DOOOOUOo
oooddddx, +ae, 004000000 2, 0000000000O0O0O0O0O0OOOO0OO ee; 00000
O00ee, 000000 0OO0OOODOOOO0O0O0OO0OODOOOO0OOOOOOOOOO0O

¢($1+CL7.'172,"')+¢(£I}1,$2+a,"'>+"'

0000000000000 0000000000 40000002¢(z,) 000 40000000000000
oooobobooooobooooboobooobo 200boobogooon

Vif(z,y) = f(x+aay)+f(x;a,y)f2f(x,y)+f(x,y+a)+f(x,2y—a)—2f(x,y)

a a

2
_ Z flx+ae;) + f(x — ae;) B 4f(x) (x = (z,y) , = (1,0) , ex = (0,1))

a? a?



oboooooboooooboboooobooboboobOobooooobooboooOobooooobooooonoon
goooooboooobooobooobooooogooobooooooooboobooboobbooobooboboobooboOoo
000000000000000000000000 ¢(x, £ae,) 002, 000000000000O0O00O0
gboboobOobooooboooboobooboooobobooooaon

4 6n m (Snf m
[ 3 e O (B )5, o) = 0

a
p=1

000000000 (oo mOOO0O0DODOO0ODOO0O0OCOOOOCOOOO)OODO0DODOO0OODOOOOO
oo0nzxpdx,+a, 00000000000000000O

4
G_1 _ Z (Sner,,m + 6n7;1,,m _ (é + m2)5nm

p=1

000000000000000000000 (0000000000)000000000000000000
00ooooo (1)o

—(O0p —m*)G(x — ') = §(xg — )63 (x — 2')
000000000000000000000000000000000000000000O00 —G(z—2")0

00000 (0000000000000 00O0U000O000U000DoO00oDOoOo0oooOoUOooooOoOO)O
000000000000000000000000000 %, 000000000000

—(O=mH)Grm = a *6nm

000000000000000000000000000000 —Gppe*O000
0000000G;L 0000000000



oo

G_l(p) = Z G4G;7ze_ipv(mn—fﬂm)y

n,m=—o0

00 4

:a4 Z [Z 5n+,u,m + 5n—,u,m _ ( 8 +m )5 }6—ip,,(znfzm),,

a? a?

n,m=—oco pu=1

oo

:a4 Z [(Sn-',-l,me

n,m=—00

—ipy (@0 —Tm)s 4 § —ipu (En =)y | ..

n+2,me
a2

8 .
" m —ipy —Tm )y 2 —ipu (Tn—Tm)v
+§ H 1Py (Tr, —Tim) _(ﬁ_‘_m )5nme ipy (Tr zm)}
svov v v a1 vV v v 2
202[6 ip" @y tiptantipta | p—iptantipta fipta o
v s
+ E e~ P It I IR (8 4 g2m?)]

4
=a®[ (P + i) — (84 a’m?)]

=a’| Z 2cos(apy) — (8 + a*m?)]

=a’[2cos(apy) + - -+ 2cos(aps) — (8 + a*m?)]

=a*[—(2 — 2cos(ap;)) — - — (2 — 2cos(apy)) — a®*m?

4
. o ap .o, 0 1—cosf
- Z4sm2 7“ — a*m?] (51112(5) = T)

p=1

4
= a2(24sin2 ap% +a2m2)
p=1

—G-la= 00O

nm

e 24: 2pu+ )

0000000000000 e=000000000000000000000000000000000000
—a™'G(p)0 «=00000000



4
—1lim G '(p)a=* = lim [Z 4a~? sin® ap% +m?]

a—0 a—0

gbobbobobobooooboboboooboboboooboboooobobobOobobobobon
googoood

—5(z4)0%(z) = (Op-m x)

d*pg .
(25)4 G(p)e Putn (p,u,x/l, = Pp1T1 + - +p41’4)

)

— (e m?)

G(
/
= ./‘gzi(—p%—ﬂn%CKme”“””

Oo00000G Y (p)=p%+m?000000000000DDOO0ODO



