
Ôîêóñèðîâêà â óñêîðèòåëÿõ Ïðîáëåìà ïîïåðå÷íîé óñòîé÷èâîñòè

Ôîêóñèðîâêà â óñêîðèòåëÿõ
Ïðîáëåìà ïîïåðå÷íîé óñòîé÷èâîñòè

Îäíîðîäíîå ìàãíèòíîå ïîëå
−→
B ||Oz .

Àêñèàëüíàÿ óñòîé÷èâîñòü.

Ðàäèàëüíàÿ óñòîé÷èâîñòü.
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Ôîêóñèðîâêà â óñêîðèòåëÿõ Áåòàòðîííûå êîëåáàíèÿ

Áåòàòðîííûå êîëåáàíèÿ

Óñòîé÷èâîñòü âäîëü íàïðàâëåíèé z è r âûïîëíÿåòñÿ îäíîâðåìåííî, êîãäà ïîëå Bz

ñïàäàåò ïî ðàäèóñó, íî íå áûñòðåå ÷åì 1/r .

Fr =
mv 2

r
− evBz(r) ≈ mv 2

R0
− evB0 −

mv 2

R2
0

(r − R0)− ev
∂Bz

∂r
(r − R0) =

= −mv 2

R2
0

(
1 +

eR2
0

mv

∂Bz

∂r

)
(r − R0) (1)

Ïîêàçàòåëü ñïàäà ïîëÿ

n = −R0

B0

∂Bz

∂r
(2)

Àíàëîãè÷íî,

Fz = −mv 2

R0
nz . (3)

Óñëîâèå óñòîé÷èâîñòè

νr =
√

1− n, νz =
√
n ⇒ 1 > n > 0 (4)
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Ôîêóñèðîâêà â óñêîðèòåëÿõ Ïðèíöèï ñèëüíîé ôîêóñèðîâêè

Ïðèíöèï ñèëüíîé ôîêóñèðîâêè

ôîêóñèðîâêà â z-íàïðàâëåíèè, äåôîêóñèðîâêà â r -íàïðàâëåíèè, n > 0

äåôîêóñèðîâêà â z-íàïðàâëåíèè, ôîêóñèðîâêà â r -íàïðàâëåíèè, n < 0
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Ôîêóñèðîâêà â óñêîðèòåëÿõ ÔÎÄÎ-ñòðóêòóðà

ÔÎÄÎ-ñòðóêòóðà
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S-ìàòðèöà è òåîðèÿ ðàññåÿíèÿ

S-ìàòðèöà è òåîðèÿ ðàññåÿíèÿ
Îïåðàòîð ýâîëþöèè

Óðàâíåíèå Øðåäèíãåðà

i~ d

dt
|Ψ(t)〉 = Ĥ|Ψ(t)〉 (5)

Ïðåäñòàâëåíèå Ãåéçåíáåðãà

|Ψ(t)〉 = Û(t)|Ψ〉, i~ d

dt
Û(t) = ĤÛ(t). (6)

Àñèìïòîòè÷åñêèå ñîñòîÿíèÿ

|f 〉 = lim
t→+∞

Û(t)|Ψ〉, |i〉 = lim
t→−∞

Û(t)|Ψ〉 (7)

Ñèìâîëè÷åñêè,

|f 〉 = Ŝ |i〉. (8)

Çàäà÷à ðàññåÿíèÿ: íàéòè àìïëèòóäó ïåðåõîäà èç íà÷àëüíîãî àñèìïòîòè÷åñêîãî
ñîñòîÿíèÿ â êîíå÷íîå.
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S-ìàòðèöà è òåîðèÿ ðàññåÿíèÿ Ôóíêöèîíàëüíûé èíòåãðàë

Ôóíêöèîíàëüíûé èíòåãðàë

[âk , â
†
q] = δ(k − q), âk |α〉 = αk |α〉 (9)

Âîëíîâîé ôóíêöèîíàë ïîëÿ

〈f |α〉 = exp
(
− 1

2

∫
dkα(k)α(−k)−

−1

2

∫
dkωk f (k)f (−k)+

∫
dk
√

2ωkα(k)f (k)
)
(10)

Óñëîâèå ïîëíîòû

1 =

∫
Dα∗(k)Dα(k)exp

(
−
∫

dkα(k)α∗(k)
)
|α〉〈α|

(11)
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S-ìàòðèöà è òåîðèÿ ðàññåÿíèÿ Ôóíêöèîíàë äëÿ S-ìàòðèöû

Ôóíêöèîíàë äëÿ S-ìàòðèöû

〈β|S |α〉 = lim
tf→+∞

lim
ti→−∞

∫
DffDfiDfDφDgµνexp

(
iSgrav+i

∫
dtL[f ]+Bi (fi , α)+Bf (ff , β

∗)
)
,

(12)
ãäå

Bi (fi , α) = −1

2

∫
dkα(k)α(−k)e−2iωk ti − 1

2

∫
dkωk fi (k)fi (−k)+

+

∫
dk
√

2ωke
−iωk tiα(k)fi (k), (13)

Bf (ff , β
∗) = −1

2

∫
dkβ∗(k)β∗(−k)e2iωk tf − 1

2

∫
dkωk ff (k)ff (−k)+

+

∫
dk
√

2ωke
iωk tf β∗(k)ff (−k). (14)

- ãðàíè÷íûå ÷ëåíû.
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S-ìàòðèöà è òåîðèÿ ðàññåÿíèÿ Ôóíêöèîíàë äëÿ S-ìàòðèöû

Ôóíêöèîíàë äëÿ S-ìàòðèöû

Ñåäëîâàÿ òî÷êà ôóíêöèîíàëüíîãî èíòåãðàëà äàåòñÿ óðàâíåíèÿìè

ωk fi (k) + i ḟi (k) =
√

2ωke
−iωk tiα(−k), (15)

ωk ff (k)− i ḟf (k) =
√

2ωke
iωk tf β∗(k), (16)

Ïîäñòàâëÿÿ â íèõ ðàçëîæåíèå íà÷àëüíûõ è êîíå÷íûõ ñîñòîÿíèé ïî ÷àñòîòíîñòÿì

f (k) = f +(k)e−iωk t + f −(k)e iωk t , (17)

, ïîëó÷àåì ñîîòíîøåíèÿ

f +i (k) =
α(−k)√

2ωk

, f −f (k) =
β∗(k)√

2ωk

. (18)

Òàêèì îáðàçîì, ìû ïîëó÷àåì âûðàæåíèå äëÿ ïîëíîãî ãðàíè÷íîãî ÷ëåíà,
îïðåäåëÿåìîãî íà÷àëüíûì è êîíå÷íûì ñîñòîÿíèåì ïîëÿ.

B[f ] =

∫
dk

√
ωk

2

(
α(k)f −i (k) + β(k)f +f (k)

)
. (19)
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Äâóìåðíàÿ ãðàâèòàöèÿ íà ïðîñòðàíñòâå ñ ãðàíèöåé Ñôåðè÷åñêàÿ ðåäóêöèÿ è 1+1-ìåðíîå äåéñòâèå

Äâóìåðíàÿ ãðàâèòàöèÿ íà ïðîñòðàíñòâå ñ ãðàíèöåé
Ñôåðè÷åñêàÿ ðåäóêöèÿ è 1+1-ìåðíîå äåéñòâèå

Äåéñòâèå Ýéíøòåéíà-Ãèëáåðòà

SEH =
M2

Pl

2

∫
d2x
√
−gR (20)

äàåò òðèâèàëüíûå óðàâíåíèÿ â äâóìåðèè

Gµν ≡ 0. (21)

Ââîäèì ñôåðè÷åñêè-ñèììåòðè÷íóþ 1+3 ìåòðèêó

ds2 = gµνdx
µdxν +

e−2φ

λ2
(dθ2 + sin2 θdϕ2), (22)

ãäå φ - ïîëå äèëàòîíà, ïîëó÷àåì 1+1-ìåðíóþ ðåäóöèðîâàííóþ òåîðèþ

SEH =
2πM2

Pl

λ2

∫
d2x
√
−ge−2φ(R + 2(∇φ)2 + 2λ2e2φ

)
, (23)

Ðåøåíèå Øâàðöøèëüäà

φ = − ln (λr), ds2 = −
(

1− rg
r

)
(dt)2 +

(dr)2(
1− rg

r

) . (24)
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Äâóìåðíàÿ ãðàâèòàöèÿ íà ïðîñòðàíñòâå ñ ãðàíèöåé Ìîäåëü CGHS

Ìîäåëü CGHS

SCGHS =

∫
d2x
√
−ge−2φ(R + 4(∇φ)2 + 4λ2)− 1

2

∫
d2x
√
−g(∇f )2. (25)

Êîíôîðìíî-ïëîñêàÿ ìåòðèêà: gµν = e2ρηµν
Êâàçè-êðóñêàëîâñêèå êîîðäèíàòû: ṽ = 1

λ
eλ(t+r), ũ = − 1

λ
e−λ(t−r)

Ñèñòåìà óðàâíåíèé íà äèëàòîí

(e−2φ)ṽ ũ + λ2 = 0, (e−2φ)ṽ ṽ = −1

2
f 2ṽ , (e−2φ)ũũ = −1

2
f 2ũ (26)

Îáùåå ðåøåíèå

e−2φ = −λ2ṽ ũ + g(ṽ) + h(ũ), (27)
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Ìîäåëü CGHS

Ðåøåíèå ñ êîëëàïñîì

u′ = u +
E

λ3v0
.
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Ìîäåëü CGHS Äåéñòâèå äëÿ ïðîñòðàíñòâà ñ ãðàíèöåé

Äåéñòâèå äëÿ ïðîñòðàíñòâà ñ ãðàíèöåé

SCGHSφ0 =

∫
φ<φ0

d2x
√
−ge−2φ

(
R + 4(∇φ)2 + 4λ2

)
−

−1

2

∫
φ<φ0

d2x
√
−g(∇f )2 + 2

∮
φ=φ0

dσ
√
|h|e−2φ (K + 2λ) , (28)

ãäå
K = hµν∇µnν (29)

- âíåøíÿÿ êðèâèçíà ãðàíèöû φ = φ0 c èíäóöèðîâàííîé ìåòðèêîé

hµν = gµν − nµnν . (30)

Óñëîâèÿ Íåéìàíà íà ãðàíèöå φ = φ0

∇nf = 0, ∇nφ = λ. (31)
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Ìîäåëü CGHS Äâèæåíèå ñòåíêè

Ìîäåëü CGHSφ0
Äâèæåíèå ñòåíêè

Ãðàíè÷íûå óñëîâèÿ äàþò óðàâíåíèå

Ũṽ =
e2φ0

λ2
(gṽ − λ2Ũ)2. (32)

Åãî ðåøåíèÿ äëÿ ðàçëè÷íûõ ýíåðãèé
äåìîíñòðèðóþò íàëè÷èå äâóõ ðåæè-
ìîâ

Ìèíèìàëüíàÿ ìàññà ÷åðíîé äûðû:

M = λe−2φ0
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Ìîäåëü CGHS Äâèæåíèå ñòåíêè

Ìîäåëü CGHSφ0
Äâèæåíèå ñòåíêè
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