
1 Çàäà÷è 4. Òåîðåìà Í¼òåð, òîæäåñòâà Óîðäà, îïå-

ðàòîðíûå ðàçëîæåíèÿ

1. Òåîðèÿ Ëèóâèëëÿ.

• Íàéäèòå àíàëîã êîíôîðìíîé ñèììåòðèè ó òåîðèè äåéñòâèåì S[φ] =∫
d2x

(
1
2
∂φ∂̄φ+ µeφ/a

)
. (Ïîäñêàçêà: ïîïðîáóéòå ÷òî-òî ïðèáàâëÿòü â φ

ïðè ïðåîáðàçîâàíèè)

• Èñïîëüçóÿ òåîðåìó Í¼òåð, íàéäèòå òåíçîð ýíåðãèè èìïóëüñà T (z),
îòâå÷àþùèé ýòîìó ïðåîáðàçîâàíèþ.

• Ïîëîæèòå µ=0 è âû÷èñëèòå îïåðàòîðíîå ðàçëîæåíèå T (z)T (w): íóæ-
íî óáåäèòüñÿ, ÷òî ýòî òåíçîð ýíåðãèè-èìïóëüñà è âû÷èñëèòü öåí-
òðàëüíûé çàðÿä.

• Ïðè µ = 0 è a = 0 âû÷èñëèòå îïåðàòîðíîå ðàçëîæåíèå T (z) : eiαφ(w) :.
×åìó ðàâíà ðàçìåðíîñòü ýêñïîíåíòû?

• Òåïåðü óñëîæíèòå çàäà÷ó, óáðàâ óñëîâèå a = 0. Íàéäèòå ïîëÿ ñ ðàç-
ìåðíîñòüþ 1.

2. Âûðîæäåííûå ïîëÿ.

• Íàéäèòå ðàçìåðíîñòü ∆, ïðè êîòîðîé â ìîäóëå Âåðìà íà âòîðîé ïî-
ëî÷êå âîçíèêàåò ñòàðøèé âåêòîð |χ〉 = c1L

2
−1 + c2L−2|∆〉. Â ôèçè÷å-

ñêîé òåîðèè ïðàâèëüíî ñ÷èòàòü ýòîò âåêòîð ðàâíûì íóëþ, ò.ê. ìû
èíòåðåñóåìñÿ òîëüêî íåïðèâîäèìûìè ïðåäñòàâëåíèÿìè.

• Ïåðåïèøèòå ýòî óñëîâèå â òåðìèíàõ ãåíåðàòîðîâ àëãåáðû Âðàñîðî,
äåéñòâóþùèõ íà ïðîñòðàíñòâå ïîëåé â âèäå ∂2Φ∆(z)+κ

∮
z
dwT (w)Φ∆(z) =

0

• Ðàññìîòðèòå äàííîå ðàâåíñòâî ïîä êîððåëÿòîðîì 〈Φ∆1(z1)Φ∆2(z2)Φ∆(z)〉.
×òî îíî äà¼ò íåòðèâèàëüíîãî?

3. Áîçîííîå ïðåäñòàâëåíèå àëãåáðû Âèðàñîðî

• Ïîëüçóÿñü ôîðìóëîé Lk = 1
2

∑
m+n=k : aman :, âû÷èñëèòå [Ln, Lm]. an

� áîçîííûå îïåðàòîðû [an, am] = nδn+m

• Âû÷èñëèòå, ÷åìó ðàâåí âåêòîð |χ〉 â òåðìèíàõ áîçîííûõ îïåðàòîðîâ.
Êàê ýòî ìîæíî áûëî óãàäàòü ñðàçó?

4. bc-ñèñòåìà

• Ðàññìîòðèòå òåîðèþ ñ äåéñòâèåì S[b, c] =
∫
d2zb∂̄c + h.c.. Óáåäèòåñü,

÷òî îíà îáëàäàåò êîíôîðìíîé èíâàðèàíòíîñòüþ ïðè ïðèïèñûâàíèè
ëþáîé ðàçìåðíîñòè ïîëþ c. ×åìó ïðè ýòîì ðàâíà ðàçìåðíîñòü ïîëÿ
b?

• Äëÿ äàííîãî ïðåîáðàçîâàíèÿ íàéäèòå T (z)

• Âû÷èñëèòå öåíòðàëüíûé çàðÿä

• Óáåäèòåñü, ÷òî ýòà òåîðèÿ òàêæå îáëàäàåò íåêîòîðîé U(1) ãîëîìîðô-
íîé ñèììåòðèåé. Íàéäèòå òîê, îòâå÷àþùèé åé. Â êàêîì ñëó÷àå ýòîò
òîê ñòàíîâèòñÿ ïðèìàðíûì ïîëåì (âû÷èñëèòå îïåðàòîðíîå ðàçëîæå-
íèå ñ T (z))?
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