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ÔÀÇÎÂÀß ÄÈÀÃÐÀÌÌÀ ÊÕÄ
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SU(3) ÊÕÄ

Z =
∫
DUDψ̄Dψ exp

(
−SG −

∫
d4xψ̄(D̂ + m)ψ

)
=

=
∫
DU exp

(
−SG

)
× det (D̂ + m)

Ñîáñòâåííûå ÷èñëà îïåðàòîðà D̂ : ±iλ⇒
det (D̂ + m) =

∏
λ(λ2 + m2) > 0

ò.å. ìîæíî èñïîëüçîâàòü ìåòîä ðåøåòî÷íîãî

ìîäåëèðîâàíèÿ

Ââîäèì õèìè÷åñêèé ïîòåíöèàë:

det (D̂ + m)→ det (D̂ − µγ4 + m)⇒
äåòåðìèíàíò ñòàíîâèòñÿ êîìïëåêñíûì, ìåòîä ðåøåòî÷íîãî

ìîäåëèðîâàíèÿ íå ðàáîòàåò (ïðîáëåìà çíàêà)

SU(2) ÊÕÄ

det (D̂ − µγ4 + m) > 0, ïðîáëåìà çíàêà îòñóòñòâóåò!
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Ëàãðàíæèàí èìååò ñèììåòðèþ SU(2Nf )
â îòëè÷èå îò SUR(Nf )× SUL(Nf ) äëÿ SU(3) ÊÕÄ
Ãîëäñòîóíîâñêèå áîçîíû (Nf = 2) π+, π−, π0, d , d̄
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Ìîæíî ïîñòðîèòü êèðàëüíóþ òåîðèþ âîçìóùåíèé äëÿ SU(2) ÊÕÄ

Ïðåäñêàçàíèÿ CHPT
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Ôàçîâàÿ äèàãðàììà ïðè Nc →∞
Àäðîííàÿ ôàçà ïðè µ < MN/3 (E ∼ O(Nc))

Ðàçðÿæåííûé ãàç áàðèîíîâ µ > MN/3 (Øèðèíà δµ ∼ Λ
N2
c

)

Quarkionic ôàçà µ > Λ (E ∼ Nc)

Íåò êèðàëüíîãî íàðóøåíèÿ ñèììåòðèè
Êîíôàéíìåíò
Ôåðìè ñôåðà (âíóòðè � êâàðêè, íà ïîâåðõíîñòè � áàðèîíû)

Äåêîíôàéíìåíò (E ∼ N2
c )
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Staggered fermions Nf = 4
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Wilson fermions Nf = 2
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Öåëü ðàáîòû:

Èçó÷èòü ôàçîâóþ äèàãðàììó SU(2) ÊÕÄ

Èñïîëüçóÿ ïîëó÷åííûå ðåçóëüòàòû, ïðåäñêàçàòü ñâîéñòâà

ôàçîâîé äèàãðàììû SU(3) ÊÕÄ

Ïàðàìåòðû ðàñ÷åòîâ:

Â ðàñ÷åòàõ èñïîëüçîâàëèñü äèíàìè÷åñêèå staggered Nf = 2

ôåðìèîíû

a = 0.12 fm, 163 × 36, T = 50 MeV

Â äåéñòâèå ââåäåí äèêâàðêîâûé èñòî÷íèê λ

Åäèíñòâåííàÿ â ìèðå ïðîãðàììà, êîòîðàÿ âûïîëíÿåò òàêèå ðàñ÷åòû!
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Äèêâàðêîâûé êîíäåíñàò

Cîãëàñèå ñ CHPT 〈ψψ〉/〈ψ̄ψ〉0 = 1−m4
π/µ

4

Ôàçîâûé ïåðåõîä ïðè µ ∼ mπ/2

BEC ôàçà µ ∈ (0.14, 0.2)
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Äèêâàðêîâûé êîíäåíñàò

Ôèòèðóåì 〈ψψ〉 = a + bλ1/3

Â òî÷êå ïåðåõîäà 〈ψψ〉 = λ1/3
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Äèêâàðêîâûé êîíäåíñàò

BCS ôàçà µ > 0.3, 〈ψψ〉 ∼ µ2
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Äèêâàðêîâûé êîíäåíñàò
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Êèðàëüíûé êîíäåíñàò

Ðàçóìíîå ñîãëàñèå ñ CHPT
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Êèðàëüíûé êîíäåíñàò

Ïðîâåðêà ïðåäñêàçàíèÿ 〈ψ̄ψ〉2 + 〈ψψ〉2 = const
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Êèðàëüíûé êîíäåíñàò

Ïðåäñêàçàíèå CHPT 〈ψ̄ψ〉 ∼ m2
π
µ2

Â ðåàëüíîñòè 〈ψ̄ψ〉 ∼ 1

µα , α ∼ 0.6− 1.0
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Êèðàëüíûé êîíäåíñàò (êèðàëüíûé ïðåäåë m→ 0)

Âûâîä: ïðè µ > mπ/2 êèðàëüíîãî íàðóøåíèÿ ñèììåòðèè íåò
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Áàðèîííàÿ ïëîòíîñòü

Cîãëàñèå ñ CHPT n ∼ µ− m4
π
µ3

Ôàçîâûé ïåðåõîä ïðè µ ∼ mπ/2
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Áàðèîííàÿ ïëîòíîñòü

n ∼ µ3

BCS ôàçà
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Áàðèîííàÿ ïëîòíîñòü
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Âûâîäû:

Ïðè µ < mπ/2 àäðîííàÿ ôàçà

Ïåðåõîä â ôàçó ñ íåíóëåâûì äèêâàðêîâûì êîíäåíñàòîì

µ ' mπ/2 (BEC)

Ïðè µ > mπ/2, µ < mπ/2 + 150 MeV ðàçðÿæåííûé ãàç

áàðèîíîâ

BCS ôàçà µ ∼ 600 MeV, ïåðåõîä èç BEC→BCS ïëàâíûé

Êèðàëüíûé êîíäåíñàò íàðóøàåò ïðåäñêàçàíèå CHPT

Â ôàçå µ > mπ/2 íåò êèðàëüíîãî íàðóøåíèÿ ñèììåòðèè

BCS î÷åíü ïîõîæà íà quarkionic�ôàçó

Íàøè ðåçóëüòàòû ñîãëàñóþòñÿ ñ ïðåäñêàçàíèÿìè Nc →∞
çà èñêëþ÷åíèåì:

Ìû íå âèäèì ïåðåõîä ñèñòåìû â äåêîíôàéíìåíò
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