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Ââåäåíèå

Áóäåì ðàññìàòðèâàòü ôóíêöèè âèäà:〈
Ôi(t)Ô

†
j(0)

〉
= Cij(t) =

1

Z
tr
[
Oi(t)Oj(0)e−βH

]
,

Z = tr
[
e−βH

]
,

(1)

ãäå îïåðàòîðû Oi � òàê íàçûâàåìûå èíòåðïîëÿöèîííûå îïå-

ðàòîðû, êîòîðûå ðîæäàþò ñîñòîÿíèå ñ èíòåðåñóþùèì íàáî-

ðîì êâàíòîâûõ ÷èñåë èç âàêóóìà.
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Àñèìïòîòè÷åñêîå ïîâåäåíèå êîððåëÿöèîííîé ôóíêöèè

Oi(t) = eHtOie
−Ht

Cij =
1

Z

∑
〈m|Oi|n〉 〈n|Oj |m〉 e−Ente−Em(β−t). (2)

Cii = | 〈0|Oi|0〉 |2 + | 〈0|Oi|1〉 |2
[
e−E1t + e−E1(β−t)

]
+ O(e−(E2−E1)t) + O(e−(E2−E1)(β−t)).

(3)
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Óðàâíåíèå Äèðàêà-Êåéëåðà

Ðàññìîòðèì äèôôåðåíöèàëüíóþ ôîðìó Φ :

Φ =
∑

µ1<···<µh

Φµ1,··· ,µh(x)dxµ1 ∧ · · · ∧ dxµh . (4)

Ââåä¼ì îïåðàòîð eµ:

eµ1 = 0, eµdxν = δµν (5)

è îïðåäåëèì îòîáðàæåíèå

dxµ ∨ Φ = xµ ∧ Φ + eµΦ. (6)

Îïåðàòîðû âíåøíåé ïðîèçâîäíîé dΦ = dxµ ∧ ∂µΦ è êîïðî-

èçâîäíîé δΦ = −eµ∂µΦ íèëüïîòåíòíû. Òàê êàê (d − δ)2 =
−(dδ+ δd) = ∂µ∂µ, îïåðàòîð d− δ ìîæíî èíòåðïðåòèðîâàòü â
êà÷åñòâå êîðíÿ èç îïåðàòîðà ÊÃ.
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Óðàâíåíèå Äèðàêà-Êåéëåðà

Ìàññèâíîå óðàâíåíèå Äèðàêà-Êåéëåðà

(d− δ +m)Φ = 0. (7)

Ìîæíî çàìåòèòü, ÷òî ââåä¼ííîå îòîáðàæåíèå ñîãëàñîâàíî ñ

îïðåäåëåíèåì åâêëèäîâûõ ãàììà-ìàòðèö. Ââîäÿ γH = γµ1 · · · γµh ,
ïåðåéä¼ì ê íîâîìó áàçèñó äèôôåðåíöèàëüíûõ ôîðì Z

(b)
a :

Z =
∑
H

(γH)T (−1)h(h−1)/2dxµ1 ∧ · · · ∧ dxµh , (8)

äëÿ êîòîðîãî òåïåðü ñïðàâåäëèâî xµ ∧Z = γTµZ,Z ∧xµ = ZγTµ
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Óðàâíåíèå Äèðàêà-Êåéëåðà

Ðàçëîæèì Φ ïî íîâîìó áàçèñó:

Φ =
∑
H

Ψ(x)Hdxµ1 ∧ · · · ∧ dxµh =
∑
a,b

Ψ(x)(b)a Z(b)
a (9)

Â í¼ì óðàâíåíèå Äèðàêà-Êåéëåðà ïðèíèìàåò âèä 4-õ îäèíà-

êîâûõ êîïèé óðàâíåíèé Äèðàêà:

(γµ∂µ +m)Ψ(x)(b) = 0. (10)

Ñâÿçü ìåæäó ñòàðûìè è íîâûìè êîìïîíåíòàìè äà¼òñÿ:

Φ(x)H = tr
(

Ψ(x)γ†H

)
,Ψ(x)(b)a =

1

4

∑
H

Φ(x)H(γH)ab (11)
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staggered ôåðìèîíû

Ñîâåðøèì ïðåîáðàçîâàíèå, äèàãîíàëèçóþùèå äåéñòâèå ïî äè-

ðàêîâñêèì èíäåêñàì:

ψn = γn
1

1 γn
2

2 γn
3

3 γn
4

4 χn, ψ = χnγ
n4

4 γn
3

3 γn
2

2 γn
1

1 . (12)

Áëàãîäàðÿ èäåìïîòåíòíîñòè ãàììà-ìàòðèö ìàññîâûé ÷ëåí íå

èçìåíÿåòñÿ ïî ôîðìå, à êèíåòè÷åñêîì ÷ëåíå ïîÿâëÿþòñÿ çàâè-

ñÿùèå îò òî÷êè çíàêîâûå ôàêòîðû ψnγµψn±µ̂ = ηn,µχnχn±µ̂:

ηn,1 = 1,

ηn,2 = (−1)n1 ,

ηn,3 = (−1)n1+n2 ,

ηn,4 = (−1)n1+n2+n3 .

(13)
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staggered ôåðìèîíû

Îêîí÷àòåëüíî ìîæåì çàïèñàòü ðåø¼òî÷íîå äåéñòâèå äëÿ ôåð-

ìèîíîâ:

SstagF = a4
∑
n

χn

 1

2a

4∑
µ=1

ηn,µ

(
Un,µχn+µ̂ − U †n−µ̂,µχn−µ̂

)
+mχn


(14)
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Õèìè÷åñêèé ïîòåíöèàë íà ðåø¼òêå

I Â íåïðåðûâíîå äåéñòâèå ìîæíî ââåñòè ÷ëåí µψγ4ψ,
îòâå÷àþùèé ïëîòíîñòè êâàðêîâ, ñîïðÿæåííûé ñ

êâàðêîâûì õèìè÷åñêèì ïîòåíöèàëîì, îäíàêî íà ðåø¼òêå

ýòî ïðèâåä¼ò ê ðàñõîäèìîñòè.

I Ìîæíî ïîêàçàòü, ÷òî ïîñëåäîâàòåëüíûì ñïîñîáîì

ââåäåíèÿ õèìè÷åñêîãî ïîòåíöèàëà íà ðåøåòêå ÿâëÿåòñÿ

äîáàâëåíèå ê äåéñòâèþ ñëàãàåìîãî:

a3
∑
n

1

2
(eµψnγ4ψn+4̂ + e−µψn+4̂γ4ψn). (15)
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Äåéñòâèòåëüíûé õèìïîòåíöèàë äëÿ

äâóõöâåòíîé ÊÕÄ

SU(2)-çíà÷íûå êàëèáðîâî÷íûå ïîëÿ Un,µ îáëàäàþò ñâîéñòâîì:

Un,µ∗ = τ2Un,µτ2, (16)

ãäå τ2 ïðåäñòàâëÿåò ñîáîé ìàòðèöó Ïàóëè â öâåòîâîì ïðî-

ñòðàíñòâå. Staggered îïåðàòîð Äèðàêà îáëàäàåò àíàëîãîì γ5-
ýðìèòîâîñòè:

M †nm(−µa) = η5(n)Mnm(µa)η5(m). (17)

Ñî÷åòàíèå ýòèõ ñâîéñòâ îêàçûâàåòñÿ äîñòàòî÷íûì, ÷òîáû ôåð-

ìèîííûé äåòåðìèíàíò â èññëåäóåìîé òåîðèè ÿâëÿëñÿ äåéñòâè-

òåëüíûì è ïîëîæèòåëüíî îïðåäåëåííûì ïðè íåíóëåâûõ ïîëî-

æèòåëüíûõ çíà÷åíèÿõ õèì. ïîòåíöèàëà. 1

1Hands S., Montvay I., Morrison S. et al. Numerical study of dense
adjoint mat- ter in two color QCD // Eur. Phys. J. 2000. Vol. C17. P.
285�302. arX- iv:hep-lat/hep-lat/0006018.
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Âèëüñîíîâñêèå ïåòëè
Âèëüñîíîâñêàÿ ëèíèÿ:

S(m,n, nt) =
∏

(k,j)∈Cm,n

Uj(k, nt). (18)

Âðåìåííàÿ ëèíèÿ:

T (n, nt) =

nt−1∏
j′=0

U4(n, j
′). (19)

Âèëüñîíîâñêàÿ ïåòëÿ:

(m, nt)→ (n, nt)→ (n, 0)→ (m, 0)→ (m, nt)

WL [U ] = tr[S(m,n, nt)T (n, nt)
†S(m,n, 0)†T (m, nt)] =

= tr

 ∏
(k,µ)∈L

Uµ(k)

 . (20)
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Ôèçè÷åñêèé ñìûñë Âèëüñîíîâñêîé ïåòëè

Âûáîðîì êàëèáðîâêè ìîæíî ïîëîæèòü

〈WL [U ]〉 =
〈
tr[S(m,n, nt)S(m,n, 0)†]

〉
, (21)

×òî ïðèâîäèòñÿ ê âèäó

〈WL [U ]〉 =
∑
k

〈0|Ŝ(mn)|k〉 〈k|Ŝ(mn)†|0〉 e−tEk

∝ e−tV (r)

(22)

è E1 = V (r) ïðè r = a|m− n|.
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Îïðåäåëåíèå ìàñøòàáà ðåø¼òêè

ïàðàìåòð Çîììåðà

Âû÷èñëÿåòñÿ r2 dV (r)
dr è èñïîëüçóåòñÿ èçìåðåííîå ñîîòíîøåíèå:

r20
dV (r0)

dr
= 1, 65. (23)

Çàäà÷à ñâîäèòñÿ ê ôèòèðîâàíèþ ãðàôèêà V (r) = V0 + σr + α
r
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Ñòàòè÷åñêèé êâàðêîâûé ïîòåíöèàë

16/62



β a, ôì

1.8 0.044± 0.006

Òàáëèöà: Îïðåäåëåíèå ìàñøòàáà äëÿ êîíôèãóðàöèé ðåøåòêè ñ

çàòðàâî÷íîé ìàññîé ma = 0.0075
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Ñòàòè÷åñêèé êâàðêîâûé ïîòåíöèàë
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Ôèêñàöèÿ ìàñøòàáà

β a, ôì

1.725 0.052± 0.007

1.750 0.050± 0.007

1.800 0.045± 0.007

1.850 0.033± 0.009

1.900 0.034± 0.006

Òàáëèöà: Îïðåäåëåíèå ìàñøòàáà äëÿ êîíôèãóðàöèé ðåøåòêè ñ

çàòðàâî÷íîé ìàññîé ma = 0.005
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Êîððåëÿòîðû äëÿ ìåçîíîâ

Îïåðàòîð Cïèí-àðîìàò ñòðóêòóðà ÷àñòèöà

χχ 1× 1, γ4γ5 × γ4γ5 f0, π

η4ζ4χχ γ4 × γ4, γ5 × γ5 −, π
ηiεζiχχ γiγ5 × γiγ5, γiγ4 × γiγ5 a1, ρ

η4ζ4ηiεζiχχ γiγk × γiγk, γi × γi b1, ρ
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Cii(t) = A+ cosh

(
−m+(t− Nt

2
)

)
+ (−1)tA− cosh

(
−m−(t− Nt

2
)

)
,

(24)
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Áëàãîäàðíîñòè

Àâòîð âûðàæàåò áëàãîäàðíîñòü ëàáîðàòîðèè ðåø¼òî÷íûõ êà-

ëèáðîâî÷íûõ òåîðèé ïîëÿ ÍÈÖ ÊÈ � ÈÒÝÔ è ëè÷íî Áðàãóòå

Âèêòîðó Âàëåðèåâè÷ó è Íèêîëåâó Àëåêñàíäðó Àëåêñàíäðîâè-

÷ó çà ïîìîùü â íàïèñàíèè äàííîé ðàáîòû.

Ðàáîòà áûëà âûïîëíåíà ñ èñïîëüçîâàíèåì îáîðóäîâàíèÿ öåí-

òðà êîëëåêòèâíîãî ïîëüçîâàíèÿ ¾Êîìïëåêñ ìîäåëèðîâàíèÿ è

îáðàáîòêè äàííûõ èññëåäîâàòåëüñêèõ óñòàíîâîê ìåãà-êëàññà¿

ÍÈÖ ¾Êóð÷àòîâñêèé èíñòèòóò¿ è öåíòðà êîëëåêòèâíîãî ïîëü-

çîâàíèÿ ñâåðõïðîèçâîäèòåëüíûìè âû÷èñëèòåëüíûìè ðåñóðñà-

ìè ÌÃÓ èìåíè Ì. Â. Ëîìîíîñîâà.

Îòäåëüíî àâòîð áëàãîäàðèò Áîðíÿêîâà Âèòàëèÿ Ãåííàäüåâè÷à

çà ðåöåíçèþ íà äàííóþ ðàáîòó.
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