
Èíòåãðàë ïî òðàåêòîðèÿì â êâàíòîâîé òåîðèè ïîëÿ

Óïðàæíåíèÿ

Óïðàæíåíèå 1. Òåîðåìà Âèêà (20 áàëëîâ)

Äèôôåðåíöèðîâàíèåì ïðîèçâîäÿùåãî ôóíêöèîíàëà äëÿ âåùåñòâåííîãî Ãàóññîâîãî èíòåãðàëà, ïðîäåìîíñòðèðóéòå ÿâíî,
÷òî âûðàæåíèå ñ ÷åòâåðíûì êîððåëÿòîðîì ⟨ϕiϕjϕkϕl⟩ âûðàæàåòñÿ ÷åðåç ïîïàðíûå ñïàðèâàíèÿ, êàê â òåîðåìå Âèêà.

Óïðàæíåíèå 2. Ìàòðè÷íàÿ òåîðèÿ ïîëÿ (30 áàëëîâ)

Ðàññìîòðèì òåîðèþ ñëó÷àéíûõ ìàòðèö Ĥ ðàçìåðà n×n ñî ñëó÷àéíûìè ýëåìåíòàìè Hij . Âåñ êàæäîé ìàòðèöû ïðîïîðöè-
îíàëåí P (H) ∼ exp

(
−α trH2

)
. Â çàäà÷å ðàññìîòðèòå äâà ñèììåòðè÷åñêèõ êëàññà: i) GUE - óíèòàðíûé êëàññ êîìïëåêñíûõ

ìàòðèö ñî ñâîéñòâîì: H+ = H, è ii) GOE -îðòîãîíàëüíûé êëàññ äåéñòâèòåëüíûõ ìàòðèö ñî ñâîéñòâîì HT = H . Äëÿ
îáîèõ íàéäèòå êîððåëÿòîð ⟨HikHkl⟩, è ñ åãî ïîìîùüþ âû÷èñëèòü ñëåäóþùèå ñðåäíèå:

⟨trAH · trBH⟩ , ⟨trAHBH⟩ ,

ãäå Â è B̂ ýòî ïðîèçâîëüíûå ìàòðèöû n× n.

Óïðàæíåíèå 3. Ïðîïàãàòîð ôîòîíà (50 áàëëîâ)

Èñïîëüçóÿ èíòåãðàë ïî òðàåêòîðèÿì, âû÷èñëèòå ïðîïàãàòîð ôîòîíà Dµν(x − y) = ⟨Aµ(x)Aν(y)⟩ äëÿ ýëåêòðîìàãíåòèçìà,
îïèñûâàåìîãî ñëåäóþùèì äåéñòâèåì:

S[Aµ] = −1
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�
d4xFµν(x)Fµν(x), Fµν(x) = ∂µAν(x)− ∂νAµ(x) (1)

Ñîîòâåòñòâóþùèé îïåðàòîð èìååò íóëåâóþ ìîäó, ÷òî ñâÿçàíî ñ êàëèáðîâî÷íîé ñèììåòðèåé äåéñòâèÿ S[Aµ + ∇α] ≡
S[Aµ], ïîýòîìó íåïîñðåäñòâåííî îáðàòèòü åãî íåâîçìîæíî. Äëÿ òîãî, ÷òîáû ¾îáîéòè¿ ýòó ïðîáëåìó, ìîæíî ââåñòè ¾ôèê-
ñèðóþùèé êàëèáðîâêó¿ (gauge �x) è íàðóøàþùèé êàëèáðîâî÷íóþ èíâàðèàíòíîñòü ÷ëåí â äåéñòâèå:

SGF [Aµ, ξ] = − 1
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d4x(∂µAµ)

2 (2)

(íàïðèìåð, ïðåäåë ξ → 0 ñîîòâåòñòâóåò êàëèáðîâêå Ëîðåíöà ∂µAµ = 0).

Ëèòåðàòóðà Îáñóæäåíèå òàêîãî ñïîñîáà ôèêñàöèè êàëèáðîâêè ìîæíî íàéòè íà àíãëèéñêîé Âèêèïåäèè https://en.

wikipedia.org/wiki/Gauge_fixing#R.CE.BE_gauges; îáñóæäåíèå ïðîáëåìû êâàíòîâàíèÿ ýëåêòðîìàãíèòíîãî ïîëÿ òàêæå
åñòü â ÏØ, ñòð. 93.
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