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×åðíûå äûðû1784: ×åðíàÿ çâåçäà Ìèò÷åëëà
Âòîðàÿ êîñìè÷åñêàÿ ñêîðîñòü:

v2
2c = 2GM/R

V > c ⇔ R <RH = 2GM/c2
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×åðíûå äûðû1915: ×åðíàÿ äûðà Øâàðäøèëüäà
RH

�åøåíèå ÎÒÎ:
RH - ãîðèçîíò ñîáûòèéÏóñòàÿ! Ñèíãóëÿðíîñòü?!Ñ.Õîêèíã, �.Ïåíðîóç:�èïîòåçà êîñìè÷åñêîãî öåíçà
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×åðíûå äûðûÀñòðî�èçè÷åñêèå ïðèëîæåíèÿ- îáðàçîâàíèå:âçðûâû ñâåðõíîâûõ
- ñâåðõíîâàÿ 1987à
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×åðíûå äûðûÀñòðî�èçè÷åñêèå ïðèëîæåíèÿ
- óñêîðåíèå ÷àñòèö
- Ñâåðõìàññèâíûå ÷åðíûå äûðûâ öåíòðå ãàëàêòèêÄ. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 5 / 20



×åðíûå äûðû1960-1970 ãã: ÷óäåñà
R

M

J

dQ

H

Áèðêõî�:Òåîðåìà îá îòñóòñòâèè âîëîñ(0 íà÷àëî)
Ïðîñòîé çàêîí?Áàðäèí, Êàðòåð, Õîêèíã: δQ = dM − ΩdJ (Ω - óãëîâàÿ ÷àñòîòà)?! I íà÷àëî òåîðìîäèíàìèêè: δQ = dE − Fdl
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×åðíûå äûðû1960-1970 ãã: ÷óäåñàÊëàññè÷åñêàÿ �îðìóëèðîâêà: dS > 0
S - ýíòðîïèÿÕîêèíã, Ïåíðîóç: dA > 0

A =
∑

i 4πR2
Hi

⇓

S ∝ AÀ êàê æå áûòü ñ îïðåäåëåíèåì
δQ = TdS?
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×åðíûå äûðû1975 ã: Èçëó÷åíèå ÕîêèíãàÊâàíòîâûå �ëóêòóàöèè:â âàêóóìå: âáëèçè ãîðèçîíòà:

Ñþðïðèç: n(ω) ∝ 1
1±e~ω/kTH

kTH = ~c3
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×åðíûå äûðûÝíòðîïèÿ ÷åðíîé äûðû
δQ = TdS ⇒ S = A/4l2pl

lpl =
√

G~/c3 ≈ 10−33ñì - äëèíà Ïëàíêà
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×åðíûå äûðû×åðíàÿ äûðà - ýòî êîñòåð!0 íà÷àëî: M, J1 íà÷àëî: TdS = dM − ΩdJ2 íà÷àëî: dS > 0¾Óðàâíåíèÿ ñîñòîÿíèÿ¿: kTH = ~c3

8πGM , S = A/4l2pl

M = Msun ⇒ RH = 3êì , TH = 10−8K

RHÄ. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 10 / 20



×åðíûå äûðûÎïÿòü ýíòðîïèÿÑòàòèñòè÷åñêàÿ èíòåðïðåòàöèÿ ýíòðîïèè:
Γ = eS - ÷èñëî ìèêðîñîñòîÿíèé

N
Γ ∼ 2N3

⇒ S ∝ N3 ∝ VÊàê îáúÿñíèòü S ∝ A?!Ïðåäåë Áåêåíøòåéíà: ñ�åðà ðàçìåðà R ⇒ S < AR/4l2plÌèð äâóìåðåí?Ä. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 11 / 20



×åðíûå äûðû�îëîãðà�èÿ Ïî îïòè÷åñêîé ãîëîãðàììåíåëüçÿ âîññòàíîâèòü E(~x , t), H(~x , t)!
Íî âåñü ìèð ìîæíî îïèñàòü ñ ïîìîùüþ �óíêöèé 2+1 ïåðåìåííûõ!
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×åðíûå äûðûAdS/CFT ñîîòâåòñòâèåÄæ. Ìàëüäà÷åíà, 1997:
z

N=4
SYM

CFT

SUGRA

AdS

quantum classical

Ñ. �óáñòåð, È. Êëåáàíîâ, À. Ïîëÿêîâ, Ý. Âèòòåí:
P ∝ |Ψ|2 ←→ êëàññè÷åñêèå ðåøåíèÿÄ. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 13 / 20



×åðíûå äûðûCFT Êîí�îðìíàÿ òåîðèÿ ïîëÿÊàê ñäåëàòü òàê, ÷òîáû äåâî÷êàíå ñìîãëà óçíàòü ñâîé ðàçìåð?Ñ�Ñ: ñì, ã, ñåê ⇒ ~, c è âñå!Âñå îñòàëüíûå ïàðàìåòðûáåçðàçìåðíû!
me = mp = lpl = 0�àñòÿíóòü äåâî÷êó: L =∞.- Â òåîðèè åñòü äîïîëíèòåëüíàÿ ñèììåòðèÿ!Ä. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 14 / 20



×åðíûå äûðûAdS Ïðîñòðàíñòâî Àíòè�Äå Ñèòòåðà
AdS

L

z

L  z = L  z
0 10 1

L→ cL
z → z/c

}- ñèììåòðèÿ!
⇓z=0 - ãðàíèöà AdSÄåâî÷êà ∞ ðàçìåðàÒîæå åñòü ìàñøòàáíàÿñèììåòðèÿ!Íàëîæèì åùå Ñóïåðñèììåòðèþ!Äæ. Ìàëüäà÷åíà:Ñèììåòðèè SUGRA íà AdS5 è SCFT íà M4 ñîâïàäàþò!Íåóæåëè óãàäàëè?Ä. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 15 / 20



×åðíûå äûðûAdS/CFTÑ. �óáñòåð, È. Êëåáàíîâ, À. Ïîëÿêîâ, Ý. Âèòòåí:
ρi(x , z) = Qiδ(x − xi)
ρ = ρ1 + ρ2

φ(x , z), ~A(x , z) - ý/ì ïîëå
S(x1, x2) - äåéñòâèåÏðåäïîëîæåíèå: P12 = |〈0|ρ̂(x1)ρ̂(x2)|0〉|2 ∝ |S(x1, x2)|

2
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×åðíûå äûðûAdS+÷åðíàÿ äûðà / CFT
�óáñòåð, Êëåáàíîâ, Ïèò, 1996:

φ(x , z), ~A(x , z)- ý/ì ïîëå
P12 = |〈ρ̂(x1)ρ̂(x2)〉|

2
∣

∣

∣

T=TH

∝ |S(x1, x2)|
2
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×åðíûå äûðûÑòðóíû â AdS/ CFTÝ. Âèòòåí, 1998:
Ñòðóíû â AdS N = 4 SYM

gs � ñòðóííàÿ êîíñòàíòà λ êîíñòàíòà ò'Õî�òà
T � íàòÿæåíèå ñòðóíû Nc ÷èñëî öâåòîâ

gs → 0 � ñâîáîäíûå ñòðóíû Nc →∞
T ≫ 1 � êëàññè÷åñêèå ñòðóíû λ≫ 1 � ñèëüíàÿ ñâÿçüÄ. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 18 / 20



×åðíûå äûðûÇà÷åì ýòî âñå íóæíî?ÊÝÄ: �àçëîæåíèå ïî êîíñòàíòå ñâÿçè α = e2/4π
f (α) = f (0) + αf ′(0) + . . .

ÊÕÄ: αQCD ∼ 1 - ðàçëîæèòüñÿ íåëüçÿ
⇓Ïîçîð äëÿ òåîðåòèêîâ: LQCDèçâåñòåí, ðåøèòü òåîðèþ íåëüçÿAdS/CFT: Ñëàáàÿ ñâÿçü ←→ ñëàáàÿ ñâÿçü!Ä. Ëåâêîâ (ÈßÈ �ÀÍ) AdS/CFT 7 îêòÿáðÿ 2010 ã. 19 / 20



×åðíûå äûðûAdS/QCD
Ä.Ò. Øîí, 2001: Îãðàíè÷åíèå íà âÿç-êîñòü ÿäåðíîé æèäêîñòè

µ < µ0Ýêñïåðèìåíò RHIC: µ ≈ µ0Øîí, Ñòåïàíîâ, 2005: Ñïåêòð àäðîíîâ(ïîêà � �åíîìåíîëîãè÷åñêèå ìîäåëè)
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