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Ñîàâòîðû:
Áðàãóòà Â. (ÈÔÂÝ è ÈÒÝÔ), Êîíîíåíêî À. (ÎÈßÈ è ÌÃÓ),
Ìèòðþøêèí Â. (ÎÈßÈ è ÈÒÝÔ)

Ìîòèâàöèÿ:
� âû÷èñëåíèå òåìïåðàòóðû ïåðåõîäà â ÊÕÄ
� ñâîéñòâà òåðìàëüíûõ ìîíîïîëåé â ôàçå êâàðê-ãëþîííîé ïëàçìû â
ÊÕÄ
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Ðåøåòî÷íûå êàëèáðîâî÷íûå òåîðèè

Êîìïüþòåðíûå ñèìóëÿöèè êàëèáðîâî÷íûõ òåîðèé â ðåøåòî÷íîé
ðåãóëÿðèçàöèè - íåïåðòóðáàòèâíûé ìåòîä âû÷èñëåíèé, íå
èñïîëüçóþùèé íåêîíòðîëèðóåìûõ ïðèáëèæåíèé

U (x)

U (x)ν

µ
x x+

x+ ν

µ

µ

ν

Aµ(x) −→ Ux ,µ ∈ SU(3)
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Ðåøåòî÷íûå êàëèáðîâî÷íûå òåîðèè∫
DψDψ̄ eψ̄M(U)ψ = det M(U)∫

DψDψ̄ ψ̄a
yψ

b
x eψ̄M(U)ψ = (M−1

x ,y (U))ab det M(U)

< O >=
1
Z

∫
DU O(U)e−Seff(U) ,

Z =

∫
DU e−Seff(U) ,

Seff(U) = SG
W (U)− Nf ln det M(U),

DU =
∏
x ,µ

dUµ(x),

< O >≈ 1
N

N∑
i=1

Oi(U) ,
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Îäíà èç ïîïóëÿðíûõ ìîäåëåé êîíôàéíìåíòà - äóàëüíûé
ñâåðõïðîâîäíèê
ò' Õóôò '75, Ìàíäåëüñòàì '76
Êîíôàéíìåíò â ÊÕÄ - ñëåäñòâèå êîíäåíñàöèè ìîíîïîëåé
Ýôôåêòèâíàÿ òåîðèÿ - äóàëüíàÿ àáåëåâàÿ ìîäåëü Õèããñà (äóàëüíûé
ñâåðõïðîâîäíèê)
Òðóáêà öâåòíîãî ïîòîêà ìåæäó òÿæåëûìè êâàðêàìè - äóàëüíûé
àíàëîã ñòðóíû Àáðèêîñîâà-Íèëüñåíà-Îëåñåíà

Ïðîáëåìà: â ÊÕÄ íåò ìîíîïîëüíûõ ðåøåíèé
Ðåøåíèå (ò' Õóôò '81):
×àñòè÷íàÿ ôèêñàöèÿ êàëèáðîâêè
SU(N) → U(1)N−1

g(x) îïðåäåëÿåòñÿ äèàãîíàëèçàöèåé Φ(x):
Φ′(x) = g(x)Φ(x)g†(x)

Ïðèìåðû Φ(x): F12(x);L(x)
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Ìîæíî îïðåäåëèòü òåíçîð fµν àáåëåâîãî ïîëÿ àíàëîãè÷íî ñëó÷àþ
ìîäåëè ñ ïîëåì Õèããñà
Êàëèáðîâî÷íîå ïîëå â îêðåñòíîñòè ñèíãóëÿðíîñòåé êàëèáðîâêè
èìååò âèä ìîíîïîëÿ
ÊÕÄ ïåðåõîäèò â òåîðèþ ñ ìîíîïîëÿìè, 'ôîòîíàìè' è
çàðÿæåííûìè ïîëÿìè ìàòåðèè - íåäèàãîíàëüíûå ãëþîíû è êâàðêè
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Âñå óñïåõè ýòîé èäåè ñâÿçàíû ñ ìàêñèìàëüíîé àáåëåâîé
êàëèáðîâêîé
äëÿ êàëèáðîâî÷íîé ãðóïïû SU(2)∑

l

(
∂µδkl + ϵk3lA3

µ(x)
)

Al
µ(x) = 0 , k = 1,2

ýêñòðåìóìû (ïî g) ôóíêöèîíàëà FMAG[Ag]

FMAG[A] =
1
V

∫
d4x

{
[A1
µ(x)]

2 + [A2
µ(x)]

2
}

Àáåëåâàÿ ïðîåêöèÿ:
çàìåíà Aa

µ(x)T a → A3
µ(x)T 3

íà ðåøåòêå

F (U) = 1
V
∑

x ,µTr
(

Uµ(x)σ3U†
µ(x)σ3

)
, Uµ(x) → uµ(x) ∈ U(1)
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Ãèïîòåçà àáåëåâîé äîìèíàíòíîñòè
Ezawa,Iwazaki '82

ôèçè÷åñêèå âåëè÷èíû, ñâÿçàííûå ñ èíôðàêðàñíûìè ñâîéñòâàìè
òåîðèè, ìîãóò áûòü âû÷èñëåíû ïðèáëèæåííî ñ ïîìîùüþ
îïåðàòîðîâ ïîñòðîåííûõ òîëüêî èç àáåëåâûõ ïåðåìåííûõ

< O >=
1
Z

∫
e−SO(Uµ)DUµ(s)

< O >Ab=
1
Z

∫
e−SO(uµ)DUµ(s)

äàþò çíà÷åíèÿ äëÿ ôèçè÷åñêèõ âåëè÷èí, õàðàêòåðèçóþùèõ
èíôðàêðàñíîå ïîâåäåíèå òåîðèè, ñîâïàäàþùèå ìåæäó ñîáîé ñ
õîðîøåé òî÷íîñòüþ.
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Íåïåðòóðáàòèâíàÿ ôèêñàöèÿ êàëèáðîâêè
Åñëè íåò ãðèáîâñêèõ êîïèé

⟨O⟩ = 1
Z

∫
DU e−S(U)O(Ug∗

)

ãäå Ug∗
- ðåøåíèå óðàâíåíèÿ f (U) = 0.

Éîíà-Ëàçèíèî-Ïàððèíåëëî'90, Öâàíöèãåð'90:

Z =

∫
DA e−S(A) I−1(A)

∫
Dg e−λF (Ag)

I(A) =
∫

Dg e−λF (Ag)

λ - êàëèáðîâî÷íûé ïàðàìåòð
Âàêóóìíîå ñðåäíåå

⟨O⟩ = 1
Z

∫
DA e−S(A) I−1(A)

∫
Dg e−λF (Ag)O(Ag)

Â ïðåäåëå λ→ ∞
∫

Dg → ñóììà ïî ãëîá. ìèí. F (Ag)
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Àáåëåâàÿ è ìîíîïîëüíàÿ äîìèíàíòíîñòü â SU(2) ðåøåòî÷íîé
êàëèáðîâî÷íîé òåîðèè

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

2 4 6 8 10 12 14 16

V
(R

)

R

V-V0
Vab-Vab

0

Àáåëåâûé è íåàáåëåâûé ïîòåíöèàëû. Áàëè, ÂÁ, Ìþëëåð-Ïðîéñêåð,

Øèëëèíã, 1996
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè
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Àáåëåâûé ïîòåíöèàë â ñðàâíåíèè ñ ôîòîííûì, ìîíîïîëüíûì è èõ ñóììîé
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Ðåçóëüòàòû:

σab/σ = 0.92(4)

σmon/σab = 0.95(2)

σab,2/σab = 2.23(5)

σab/σ âû÷èñëåíî â ïðåäåëå ñíÿòèÿ îáðåçàíèÿ

σab/σ âû÷èñëåíî äëÿ äðóãîãî ðåøåòî÷íîãî äåéñòâèÿ, ïðîâåðåíà
óíèâåðñàëüíîñòü àáåëåâîé äîìèíàíòíîñòè
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

îáíàðóæåíà äîìèíàíòíîñòü ïðîïàãàòîðà äèàãîíàëüíîãî ãëþîíà â
ÈÊ îáëàñòè

Ddiag(pmin)

Doffdiag(pmin)
= 50(5), pmin = 325 ÌýÂ

0 2 4 6p, GeV

1

10

100

R

Îòíîøåíèå ïîïåðå÷íûõ äèàãîíàëüíîãî è íåäèàãîíàëüíîãî ôîðìôàêòîðîâ

ÂÁ, Ìîðîçîâ, Ïîëèêàðïîâ, 2002
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Ñâîéñòâà ìîíîïîëüíûõ êëàñòåðîâ

jµ ≡ 1
4π
ϵµνρσ∂νΘρσ = −1

2
ϵµνρσ∂νmρσ

ÂÁ, Ìèòðþøêèí, Ìþëëåð-Ïðîéñêåð, 1992
Êîíäåíñàöèÿ ìîíîïîëåé îçíà÷àåò ïåðêîëÿöèþ ìîíîïîëüíîãî
êëàñòåðà
Ïåðâûé ðåçóëüòàò, äåìîíñòðèðóþùèé ïåðêîëÿöèîííûé ïåðåõîä ïðè
êîíå÷íîé òåìïåðàòóðå T , ñîâïàäàþùåé ñ Tc :

Êëàñòåðíàÿ âîñïðèèì÷èâîñòü êàê ôóíêöèÿ β.

Ïðè T = 0 âû÷èñëåíà ïëîòíîñòü ìîíîïîëåé â ïåðêîëèðóþùåì
êëàñòåðå ρperc ; îáíàðóæåíî, ÷òî ρperc êîíå÷íà â ïðåäåëå ñíÿòèÿ
îáðåçàíèÿ.
ÂÁ, Èëüãåíôðèòö, Ìþëëåð-Ïðîéñêåð, 2005
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Àáåëåâà è ìîíîïîëüíàÿ äîìèíàíòíîñòü â ðåøåòî÷íîé SU(3)
ãëþîäèíàìèêå è â ðåøåòî÷íîé ÊÕÄ

DIK (DESY-ITEP-Kanazawa) êîëëàáîðàöèÿ, 2001 :
Îáîáùåíèå ïîäõîäà, èñïîëüçîâàííîãî â SU(2) ãëþîäèíàìèêå íà
ñëó÷àé SU(3)
Âïåðâûå àáåëåâà è ìîíîïîëüíàÿ äîìèíàíòíîñòü èññëåäîâàëàñü â
ÐÊÕÄ (Nf = 2)
Âïåðâûå â àáåëåâîé ïðîåêöèè èçó÷àëàñü ñòðóêòóðà àäðîííîé
ñòðóíû ìåæäó ñòàòè÷åñêèìè êâàðêîì è àíòèêâàðêîì
Ðåçóëüòàòû:

mπ/mρ σab/σ σmon/σab δ, Ôì λ, Ôì
0.60(1) 0.89(4) 0.80(4) 0.29(1) 0.15

- 0.83(3) 0.84(3) 0.29(1) 0.17
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Photon Part
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Àáåëåâàÿ ïëîòíîñòü äåéñòâèÿ â 3-õ êâàðêîâîé ñèñòåìå â ÐÊÕÄ

Â.Ã. Áîðíÿêîâ (ÈÔÂÝ è ÈÒÝÔ) Ìîíîïîëè 28.09.06 16 / 32



school-logo

Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

DIK êîëëàáîðàöèÿ

� Nf = 2 ðåøåòî÷íàÿ ÊÕÄ ïðè T > 0

� Ðåøåòî÷íîå äåéñòâèå:

� Âèëüñîíîâñêîå äåéñòâèå äëÿ êàëèáðîâî÷íîãî ïîëÿ

� Óëó÷øåííîå âèëüñîíîâñêîå ôåðìèîííîå äåéñòâèå

SF = S(0)
F − i

2
κg cswa5

∑
s

ψ̄(s)σµνFµν(s)ψ(s)

� Lattice size 12 × (32)3

Â.Ã. Áîðíÿêîâ (ÈÔÂÝ è ÈÒÝÔ) Ìîíîïîëè 28.09.06 17 / 32
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Âîñïðèèì÷èâîñòü äëÿ ïîëÿêîâñêîé ïåòëè. DIK, 323 × 12
Â.Ã. Áîðíÿêîâ (ÈÔÂÝ è ÈÒÝÔ) Ìîíîïîëè 28.09.06 18 / 32
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Âîñïðèèì÷èâîñòü äëÿ êèðàëüíîãî êîíäåíñàòà. DIK, 323 × 12
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

I. Îêðåñòíîñòü ôàçîâîãî ïåðåõîäà
Ðåçóëüòàòû äëÿ SU(2), ðåøåòêà 483 × 6

 40

 60

 80

 100

 120

 0.85  0.9  0.95  1  1.05  1.1  1.15

χ c
l

T/Tc

SU(2), 483 x 6

Âîñïðèèì÷èâîñòü äëÿ ïåðêîëèðóþùåãî êëàñòåðà
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè
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Îòíîøåíèå ðàçìåðà ìàêñèìàëüíîãî êëàñòåðà ê ïîëíîìó ÷èñëó ìîíîïîëåé
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Ðåçóëüòàòû äëÿ ÊÕÄ, ðåøåòêà 323 × 12

 20
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 80

 0.1359  0.136  0.1361  0.1362

χ c
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mπ = 400 MeV

323 x 12

Âîñïðèèì÷èâîñòü äëÿ ïåðêîëèðóþùåãî êëàñòåðà
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè

Nwr =
1
Lt

∑
j4(x)∈cluster

j4(x)

ρ =
⟨
∑

clusters |Nwr | ⟩
L3

sa3

gMM(r) =
⟨ρM(0)ρM(r)⟩

ρ2
M

+
⟨ρA(0)ρA(r)⟩

ρ2
A

gAM(r) =
⟨ρA(0)ρM(r)⟩

ρAρM
+

⟨ρM(0)ρA(r)⟩
ρAρM

gMM,AM(r) = e−V (r)/T

V (r) =
αm

r
e−mDr
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè
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Ïëîòíîñòü òåðìàëüíûõ ìîíîïîëåé â SU2
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Àáåëåâàÿ ïðîåêöèÿ, ìîíîïîëè
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