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×åòûðåõôåðìèîííîå âçàèìîäåéñòâèå

H = −q̄ (iγ∇ + im) q − q̄ taγµ q

∫
dy q̄′ tbγν q′ 〈Aa

µA
′b
ν 〉

〈Aa
µA
′b
ν 〉 = G δab δµν F (x − y)

F (x) = δ(x) (ÍÈË), F (p) = δ(p) (ÊÊÁ)

q(x) =

∫
d p̃

(2Ep)1/2
[
ap,Sup,Se

ipx + b+
p,Svp,Se

−ipx]

Ep =
(
p2 + m2

)1/2
, a |0〉 = 0, b |0〉 = 0, d p̃ = dp/(2π)3

Ïðåîáðàçîâàíèå Áîãîëþáîâà T =
∏

p,S

exp
[
ϕp(a+

p,Sb
+
−p,S + ap,Sb−p,S)

]

A = T a T † , |σ〉 = T |0〉 , E = min
ϕp
〈σ|H|σ〉
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×åòûðåõôåðìèîííîå âçàèìîäåéñòâèå

Ðàâíîâåñíûé óãîë θ = 2ϕ êàê
ôóíêöèÿ èìïóëüñà p â ÌýÂ.
Ñïëîøíàÿ ëèíèÿ îïèñûâàåò ìî-
äåëü ÍÈË, øòðèõîâàÿ ëèíèÿ ñî-
îòâåòñòâóåò ìîäåëè ÊÊÁ.

Òðè âåòâè ðåøåíèé äëÿ äèíàìè÷å-
ñêîé ìàññû êâàðêà â ÌýÂ äëÿ ìî-
äåëè ÊÊÁ, êàê ôóíêöèÿ èìïóëüñà
(ÌýÂ). Òî÷êàìè ïîêàçàíû ìíèìûå
÷àñòè ðåøåíèé.
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Êîððåëÿöèè è ñâÿçàííûå ñîñòîÿíèÿ

ìîäåëü ÊÊÁ. F (p) = δ(p)
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Γ̃(q;Q, p+q) = (2π)42iv(Q+q)+

∞∫

−∞

dk2v(k+q)πΓ(k , k+p+q)Γ̃(−k;Q, p+q)

ãäå πΓ(k, k + p + q) = Tr {S(k) Γ S(k + p + q) Γ} ïîëÿð. îï. â
êàíàëå Γ(1, iγ5, γµ, γ5γµ), S(k)�ôóíê. Ãðèíà, øòðèõ.�ôîðìô., q,
Q�èïóëüñû âõîä. è âûõîä. êâàðêîâ, p�èìïóëüñ âõîä. àíòè-êâàðêà,
v�çàòð. âåðø. v(p) = G δ(p), ðåøåíèå â âèäå

Γ̃(q;Q, p + q) = (2π)3 δ(Q + q) i Γ(p0 + q0;q,p)

Γ(p0+q0;q,p) = 2G+2G

∞∫

−∞

dk0
2π

i πΓ(k0,−q; k0+p0+q0,p) Γ(p0+q0;q,p)

Àíàëèç èòåð. ðÿäà ïîê., ÷òî çàâèñèìîñòü îò q0 è Q0 �ôîðìàëüíàÿ,



Êîððåëÿöèè è ñâÿçàííûå ñîñòîÿíèÿ
Ôàêòè÷åñêè â ðàññì. ìîäåëè îòñóòñò. ðàññåÿíèå, èìïóëüñû âõîä. è
âûõîä. êâàðê. òîæäåñòâ. îäèíàêîâû. Äëÿ ïñåâäîñê. (Γ = iγ5) è ñê.
(Γ = 1) êàíàëîâ ïîëÿð. îï.

Ππ,σ = 4Nc

∞∫

−∞

dk

2π
i

k(k − q) + pq∓MpMq

(k2 − E 2
q )((k − ε)2 − E 2

p )
=

= 2Nc
Ep + Eq

EpEq

pq− EpEq ∓MpMq

ε2 − (Ep + Eq)2

Mp = Mq(p), Ep = E (p) = [p2 + M2
p ]1/2, àíàëîãè÷íî äëÿ èìï. q.

Ýíåðã. ñâÿç. ñîñò. Π−1 − 2G = 0,

ε2π,σ = (Ep + Eq)2 − 2G
Ep + Eq

EpEq
(EpEq ±MpMq − pq)

Ïåðâîå ñëàã.�ýíåðã. ñâîá. ÷àñòèö. Âòîðîé ÷ëåí ñòðîãî ïîëîæ. ïðè
ëþáûõ p è q, è èãð. ðîëü ýíåðãèè ñâÿçè â êàíàëàõ π è σ. Â ñëó÷àå
ñê. êàíàëà, ïðè q = p, ýíåðãèÿ ñâÿçè îáðàùàåòñÿ â íîëü.



Êîðð. è ñâÿç. ñîñòîÿíèÿ. Âåêò. è àêñèàë-âåêò. êàíàëû

ΠV ,A
00 = 2Nc

Ep + Eq

EpEq

−EpEq − pq±MpMq

ε2 − (Ep + Eq)2

ΠV ,A
i0 = ΠV ,A

0i = 2Nc

(
pi
Ep

+
qi
Eq

)
ε

ε2 − (Ep + Eq)2

ΠV ,A
ij = 2Nc

Ep + Eq

EpEq

(−EpEq + pq∓MpMq)δij − piqj − qjpi

ε2 − (Ep + Eq)2
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Êîððåëÿöèè è ñâÿçàííûå ñîñòîÿíèÿ. Äèêâàðêîâûé êàíàë
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πΓ(k, k + p + q) = Tr {S(k) Γ ST (k + p + q)C Γ}, ãäå C = iγ0γ2,
ST�òðàíñïîíèðîâàííàÿ ìàòðèöà.

Π̃π,σ =
Ep + Eq

EpEq

EpEq − pq∓MpMq

ε2 − (Ep + Eq)2

Ïî ñð. ñ êâàðê àíòè-êâàðê. ïàðîé ïðèòÿæåíèå âîçí. â àíòè-òðèïë.
(3̄) êàíàëå1, ïðè÷åì êîíñò. ñâÿçè ýôô. âç. â Nc ðàç ñëàáåå ïî ñð. ñ
êâàðê àíòè-êâàðê. âç. Ýíåðãèè π è σ-ìåç.

ε2π,σ = (Ep + Eq)2 − 2G

Nc

Ep + Eq

EpEq
(EpEq ∓MpMq − pq)

1Ïîëÿð. îïåðàòîð èìååò çíàê, ïðîòèâîï. êâàðê-àíòè-êâàðê. êàíàëó.

Ïðîåêöèÿ êîìïîçèöèè öâåò. ãåíåðàò. íà àíòè-òðèïë. êàíàë âõîäèò ñ

îòðèöàòåëüíûì çíàêîì, â ðåç. ÷åãî âîçí. ïðèò.
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Ìîäåëü Êåëäûøà

Ë. Â. Êåëäûø, Äîêò. äèññåðòàöèÿ (ÔÈÀÍ, 1965);
E. V. Kane, Phys. Rev. 131 (1963) 79;
Â. Ë. Áîí÷-Áðóåâè÷, ñá. "Ôèç. òâ. òåëà" Ì., Èçä. ÂÈÍÈÒÈ, 1965.
Ì. Â. Ñàäîâñêèé, Äèàãðàììàòèêà, Ì.-Èæåâñê, 2010
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〈V (r)V (r′)〉 =

∫
dpe ip(r−r′)W 2δ(p) = W 2

Ã. Ì. Çèíîâüåâ, Ñ.Â. Ìîëîäöîâ (ÁÈÒÔ, ÎÈßÈ, ÈÒÝÔ)Êâàðêîâûå àíñàìáëè ñ áåñêîíå÷íîé êîððåëÿöèîííîé äëèíîéÄóáíà 23.04.2014 8 / 26



Ìîäåëü Êåëäûøà

〈V (r)V (r′)〉 =

∫
dpe ip(r−r′)W 2δ(p) = W 2

G (ε,p) = G0(ε,p)

{
1 +

∞∑

n=1

An W 2n G0(ε,p)

}

An = (2n − 1)!! =
1√
2π

∞∫

−∞

dt t2ne−t
2/2

G (ε,p) =
1√
2π

∞∫

−∞

dt t2ne−t
2/2 G0(ε,p)

1− tWG0(ε,p)

G (ε,p) =
1√
2πW

∞∫

−∞

dV e−V
2/(2W 2) 1

ε− p2/(2m)− V + iδ

îòñóòñòâèå ñèëîâîãî âîçäåéñòâèÿ. Òåîðèÿ íåóïîðÿäî÷åííûõ ñèñòåì
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×åòûðåõôåðìèîííîå âçàèìîäåéñòâèå

H = −q̄ (iγ∇ + im) q − q̄ taγµ q

∫
dy q̄′ tbγν q′ 〈Aa

µA
′b
ν 〉

〈Aa
µA
′b
ν 〉 = G δab δµν F (x − y)

F (x) = δ(x) (ÍÈË), F (p) = δ(p) (ÊÊÁ)

Ïðåîáðàçîâàíèå Áîãîëþáîâà

(Îäíî÷àñòè÷íîå) Ïðèáëèæåíèå ñðåäíåãî ïîëÿ

Àëüòåðíàòèâà? Äîïîëíèòåëüíîñòü? (ïðèìåíèìîñòü
îäíî÷àñòè÷íîãî ïðèáëèæåíèÿ äëÿ àíñàìáëÿ ÷àñòèö,
ñèëà�êîððåëÿöèè)

Ôàçîâûå ïåðåõîäû. Àëãåáðà (äîìèíèðóþùèõ) êîððåëÿòîðîâ.
Ðåíîðìãðóïïà. Óíèâåðñàëüíîñòü

Òî÷íàÿ èíòåãðèðóåìîñòü, 1 + 1 èçìåðåíèå (Òèððèíã,
Ëàòòèíæåð, Ëèá�Ìàòòèñ . . . )
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

S =

∫
dtdDx

[
q̄(i ∂̂ −m)q − g

2
jaµ

∫
dDy j ′aµ F (x , y)

]

Ìîäåëü â äâóìåðèè (Òèððèíã (1958))

L = q̄ (i ∂̂ −m) q − g (q+
1 q1 q′+2 q′2 + q+

2 q2 q′+1 q′1)

H = q+
1 p q1 − q+

2 p q2 + m (q+
1 q2 + q+

2 q1) +

+ g (q+
1 q1 q′+2 q′2 + q+

2 q2 q′+1 q′1) , p = i∂x

Îïîðíîå âàêóóìíîå ñîñòîÿíèå |0), q1x |0) = q2x |0) = 0
(Îñóøåííîå ìîðå Äèðàêà)

aik =
∫
dx e−ikx qix , qix =

∫
dk̃ e ikx aik , k̃ = k/(2π)

(m = 0) H0 =
∑

k

k a+
1ka1k −

∑

k

k a+
2ka2k ,

V = 2g
∑

k

a+
1ka1k

∑

l

a+
2la2l ,
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

H =
∫
dx H, H = H0 + V , H |0) = 0, H0 |0) = 0, V |0) = 0

"Çàðÿä" ñèñòåìû Q =
∫
dx
(
q+
1 q1 + q+

2 q2
)

=
∑
k

(
a+
1ka1k + a+

2ka2k
)
,

êîììóòèðóåò ñ ãàìèëüòîíèàíîì H.

|0〉 =
−P∏

k≥−Λ

a+
1k

Λ∏

l≥P
a+
2l |0)

H0 |0〉 =

(−P∑

−Λ

k −
Λ∑

P

k

)
|0〉 , V |0〉 = 2gL (Λ− P)2|0〉

ED = −Λ(Λ + 1̃) + P(P + 1̃) + 2gL (Λ− P)2 , 1̃ = 2π/L , 2gL > 1

Λ− Pmin =
1

2

2Λ + 1̃

2gL + 1̃
, Emin = −1

4

2Λ + 1̃

2gL + 1̃

(
2Λ + 1̃

)

âûðîæäåííîñòü âàêóóìí. ñîñò. Âîçá. âàêóóìà. Äîáàâë., óäàë. ÷àñò.
ñ èìï. ∼ Λ/2 ïðèâîäèò ê íåáîëüø. óâåë. ýíåðãèè ∼ dE/dP|P=Pmin
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

Ñèììåòðè÷íîå (íåéòðàëüíîå) ñîñòîÿíèå.

En = −Λ(Λ + 1̃) + P(P + 1̃) + (Λ− P)(Λ− P + 1̃) +

+ 4gL (Λ− P)2 = −(Λ− P) 2P + 4gL (Λ− P)2

âíå êèðàëüíîãî ïðåäåëà

H0 =
∑

k

k
(
a+
1ka1k − a+

2ka2k
)

+ m
(
a+
1ka2k + a+

2ka1k
)

Ã1k = cosϕm a1k + sinϕm a2k ,

Ã2k = − sinϕm a1k + cosϕm a2k

Çäåñü sin θm = m/k , cos θm = k/k0, k0 = (k2 + m2)1/2, θm = 2ϕm.

qjx =
∑

k

e ikx
[
Ũk(j) Ã1k + Ṽk(j) Ã2k

]
, j = 1, 2

Q =

∫
dx
(
q+
1 q1 + q+

2 q2
)

=
∑

k

(
Ã+
1k Ã1k + Ã+

2k Ã2k

)

ED = −2
Λ∑

k=P

k0 + 2gL (Λ− P)2
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

ÁÊØ ñîñòîÿíèå�Áîãîëþáîâ, Íàìáó�Èîíà-Ëèçèíèî

M. Faber and A. N. Ivanov, Eur. Phys. J. C 20 (2001) 723;
Phys. Lett. B563 (2003) 231

T. Fujita, M. Hiramoto, and H. Takahashi, Bosons after symmetry
breaking in quantum �eld theory, New York, 2009.

q1x =
Λ∑

k≥0
e ikxak +

0∑

k≥−Λ

e ikxb+
−k =

∑

k

e ikx
(
θ̃kak + θ̃−kb

+
−k

)
,

q2x =
0∑

k≥−Λ

e ikxak +
Λ∑

k≥0
e ikxb+

−k =
∑

k

e ikx
(
θ̃−kak + θ̃kb

+
−k

)

Çäåñü a+, a è b+, b�îïåðàòîðû ðîæäåíèÿ è óíè÷òîæåíèÿ êâàðêîâ
è àíòèêâàðêîâ, a |0〉 = 0, b |0〉 = 0.
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

|σ〉 = T |0〉, T =
∏

p

exp[ϕp (a+
p b

+
−p + apb−p)]

A = T a T † , B+ = T b+T †

q1x =
∑

k

e ikx
(
UkAk + U−kB

+
−k
)
,

q2x =
∑

k

e ikx
(
VkAk + V−kB

+
−k
)
,

〈σ| B−kB+
−k |σ〉 ,

〈σ| B−kAk A+
l B

+
−l F̃ (k − l) |σ〉 ,

〈σ| B−kB+
−kB−lB

+
−l F̃ (k − l)F̃ (0) |σ〉

U+
−kV−kUkV

+
k = −sin

2 θ

4

(
θ̃k + θ̃−k

)

〈σ|H|σ〉 =
Λ∑

k=0

(
−2k cos θ − g sin2 θ

)
, (m = 0)
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

sin θ (−k + g cos θ) = 0

Íåòðèâèàëüíîå ðåøåíèå ïîëó÷àåòñÿ äëÿ èìïóëüñîâ k < g

cos θ = k/g ,

〈σ|H|σ〉 = −4
3
g2 ,

〈σ|Q|σ〉 = 2gL

âíå êèðàëüíîãî ïðåäåëà

Ìîæíî ïîêàçàòü, ÷òî â äâóìåðèè ìû ïîëó÷èì íåçíà÷èòåëüíûå
ïîïðàâêè O(m), ïî ñðàâíåíèþ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè â
êèðàëüíîì ïðåäåëå. Íî óæå â òðåõìåðèè ñèòóàöèÿ ðàçèòåëüíî
èçìåíÿåòñÿ.
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

Ñðàâí. ìîäåëü Òèððèíãà ñ òî÷å÷. ôîðì. âç. F (x) = δ(x).
Ãàìèëüòîíèàí ìîäåëè ìîæíî äèàã. ïðè ïîìîùè ïîäñò. Áåòå (1931)

|k1, . . . , kN〉 =

∫ N1∏

i=1

dxie
ikixi

∫ N2∏

j=1

dyje
ikN1+jyj ×

×
∏

i ,j

[1 + λijε(xi − yj)]

N1∏

i=1

q+
1 (xi )

N2∏

j=1

q+
2 (yj)|0〉 ,

ε(x)�ôóíê. ñòóïåíüêè ε(x) = −1, ïðè x < 1, ε(x) = 1, ïðè x > 1,
ki�èìïóëüñ i-îé ÷àñòèöû, ôàçîâûé ôàêòîð λij = −g/2Sij ,
Sij = (kiEj − kjEi )/(kikj − EiEj − ε2), ε�áåñê. ìàëûé èíôðàêð. ðåã.,
Ei�ýíåðãèÿ ÷àñòèöû, (m=0, Ei = |ki |).

H|k1, . . . , kN〉 =
N∑

i=1

Ei |k1, . . . , kN〉 , N = N1 + N2
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

Ïåðèîä. ãðàí. óñë. ïðèâîäÿò ê èìïóëüñ. ÷àñòèö

ki =
2πni
L

+
2

L

N∑

j 6=i

arctan(gSij/2) ,

ãäå ni = 0,±1, . . . ,±N0, N0 = (N − 1)/2. Äëÿ "ñèìì." âàê. ñîñò.
ýòè óñëîâèÿ âûï. äëÿ ñëåäóþùåé ïîñë. èìïóëüñîâ ÷àñòèö

k0 = 0 , (n0 = 0),

ki =
2πni
L

+
2N0

L
arctan(g/2) , (ni = 1, 2, . . . ,N0),

ki =
2πni
L
− 2N0

L
arctan(g/2) , (ni = −1,−2, . . . ,−N0).

Äëÿ ýíåðãèè âàêóóìà ïîëó÷àþò

E sym
0 = −Λ

[
N0 + 1− 2N0

π
arctan(g/2)

]
, N0 =

L

2π
Λ

V. Mastropietro and D. C. Mattis, "Luttinger model. The First 50 Years and

Some New Directions" , Ser. on Direct. in Cond. Mat. Phys.�V. 20, 2014
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

3 + 1 (D + 1) qx =

∫
d p̃ e−ipx/(2p0)1/2

[
ap,sup,s + b+

−p,sv−p,s
]
,

q̄x =

∫
d p̃ e ipx/(2p0)1/2

[
a+
p,s ūp,s + b−p,s v̄−p,s

]

îäíîâðåìåíí�îå ïåðåñò. ñîîòíîøåíèå {qiαx, q̄jβy} = γ0αβ δij δx,y

V = g v , v =

∫
dxdy F (x−y) jaµ(x)jaµ(y) , jaµ(x) = q̄x Γ qx , Γ = γµt

a

[H,Q] = 0 , Q =

∫
dx q̄xγ0 qx , qx|0) = 0

|N) = q̄z1 q̄z2 . . . q̄zN χz1z2...zN |0)

H0|N) =
∑

k

k0 (a+
k
ak + b−kb

+
−k)|N) , k0 = (k2 + m2)1/2

[v , q̄1q̄2 . . . q̄N ]χ = 2N q̄1q̄2 . . . q̄N Γγ0 j χ+

+N(N − 1)q̄1 . . . q̄N−1Γγ0q̄NΓγ0χ+ Nq̄1 . . . q̄NΓγ0Γγ0χ
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

λ⊗ λ =
4

3
Λs −

8

3
Λa , Λs + Λa = EΛ

γγ0 =

∥∥∥∥
σ 0
0 −σ

∥∥∥∥ , γγ0 =

∥∥∥∥
0 σ
σ 0

∥∥∥∥ ,

σ ⊗ σ = Σs − 3Σa , Σs + Σa = EΣ

γµγ
0 ⊗ γµγ0 = Σs + Σa − (Σs − 3Σa) = 4 Σa

λ⊗ λ γγ0 ⊗ γγ0 =
16

3
Λs Σa

[v , q̄1 . . . q̄N ] χ |0) =
4

3
N
[
ΛsΣa(N−3)−2ΛaΣs

]
|N) , (ΛsΣa ≈ ΛaΣs)
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

E0 = −2Nc 4π

Λ∫

P

k2dk k

(2π)3
= −2Nc

2π2
1

4
(Λ4 − P4) ,

N = N L3 , N = 2Nc 4π

Λ∫

P

k2dk

(2π)3
=

2Nc

2π2
1

3
(Λ3 − P3) ,

ED = E0 + g
4

3
N (N − 1)− g

16

3
N

ïàðàìåòðîì âçàèìîäåéñòâèÿ ñëóæèò a = g L3 (a = g LD)
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

Ïë. ýíåð. ìîðÿ Äèðàêà êàê ôóíê. îáð. ïàð. Λ, ïðè a = 1.025 äëÿ
ðÿäà çí. ãðàí. èìï. P = 1, . . . 10.

Λ1 = P , Λ2 = P + ∆Λ ,

∆Λ ≈
(D + 1) P

D[aDPD−1 − (D + 1)/2]
≈ D + 1

aD2
P2−D ,

ED(Λ′) = − (D + 1)2PD+1

4D
[
aDPD−1 − D + 1

2

] ≈ −(D + 1)2

4aD2
P2, Λ′ ≈ (Λ1 + Λ2)/2
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Òî÷íàÿ (Òèððèíãà, Ëàòòèíæåðà) èíòåãðèðóåìîñòü

3 + 1 Λc ≈ 2/(9πgL L) , g ∼ 300 ÌýÂ

L îïðåäåëÿåòñÿ ÷åðåç ΛQCD

Λc íå ìîæåò áûòü áîëüøèì ÷èñëîì

Ñîñòîÿíèÿ, äîñòàâëÿþùåå îòíîñèòåëüíûé ìèíèìóì
äèðàêîâñêîãî ìîðÿ, ñèëüíî âûðîæäåíû.

Ñïàðèâàíèå ÷àñòèö êàê ìåõàíèçì ñíÿòèÿ âûðîæäåíèÿ.
Âûäåëåíû ïàðû ñ íóëåâûì ïîëíûì èìïóëüñîì.

ÁÊØ ñîñò. Äîìèíèðóþùèé âêëàä w0 = −
∫
d p̃ p0, êîò. â

ñëó÷àå D + 1 ïðîïîðö. −ΛD+1. Äëÿ ÁÊØ ñîñò. îïðåäåëåííî
ìîæíî ïîëó÷èòü çàìåòíî ìåíüø. ýíåð. ∼ −ΛD+1, (D > 1), ÷åì
âêëàä äèðàê. ìîðÿ ∼ −Λ2. Êîðð. âêëàä, êîòîðûé ïðèõîäèò îò
÷ëåíîâ, ñîäåðæ. sin(θ− θm), ñóùåñòâåííî ïîäàâëåí, ïî ñðàâí. ñ
âêëàäîì Λ6, (D = 3), äèðàê. ìîðÿ (Λ2D â ñëó÷àå D + 1), è äëÿ
íèõ íåàêòóàëüíà ïðîáëåìà ñóæåíèÿ ðàñïðåäåëåíèÿ ýíåðãèè.

êîíñòàíòà ñâÿçè
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Êîíñòàíòà âçàèìîäåéñòâèÿ

Ïåðâûå ÷ëåíû ðÿäà òåîðèè âîçìóùåíèé äëÿ íàáëþäàåìîé
êîíñòàíòû ñâÿçè.

Π̃π,σ = 4Nc

∫
d k̃

E

−2E 2 + M2 ∓M2

ε2/4− E 2

ãäå ε�ïåðåäàâàåìàÿ ýíåðãèÿ, E = [k2 + M2(k)]1/2�ýíåðãèÿ
êâàçè÷àñòèöû â ïåòëå. V�îáúåì.

Go = G + VG Π̃ + (VG Π̃)2 + · · ·

Π = Π̃− Π0

Gπ,σ
o =

G

1− VG 3Ππ,σ
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Êîíñòàíòà âçàèìîäåéñòâèÿ

Íàáëþäàåìàÿ êîíñòàíòà ñâÿçè Gσ
o êàê ôóíêöèÿ ïå-

ðåäàâàåìîé ýíåðãèè ε (â áåçðàçìåðíûõ ïåðåìåí-
íûõ). Øòðèõîâàÿ êðèâàÿ ïîëó÷åíà äëÿ m = 0.9.
Òî÷êàìè ïîêàçàí ñëó÷àé m = 0.6. Ñïëîøíàÿ ëèíèÿ
îòâå÷àåò ñëó÷àþ m = 0.4. Âñþäó ïàðàìåòð V = 1.
Òî÷êà O ïîêàçûâàåò ìåñòî, ãäå Gπ,σ

o = 0. Øòðèõî-
âàÿ êðèâàÿ ñ áîëüøèì øàãîì îòâå÷àåò m = 0.01.

Íàáëþäàåìàÿ êîí-
ñòàíòà ñâÿçè Gπ

o

êàê ôóíêöèÿ ïåðå-
äàâàåìîé ýíåðãèè
ε. Îáîçí. àíàëîãè÷-
íû ñëó÷àþ ñêàëÿð-
íîãî ìåçîíà.
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Ïîëÿ ßíãà�Ìèëëñà ðåëÿòèâèñòñêèõ çàðÿäîâ
Ðåëÿòèâèñòñêèå çàðÿäû (Ïîëÿ Âàéöçåêêåðà�Âèëüÿìñà,
ýêðàíèðîâàíèå ïîëåé ßÌ â âàêóóìå)

c̃
|f
ie
ld
|/m

2 π

0.01

0.1

1

10

t [fm/c]
0 1 2 3 4 5

√
< Ẽ2 >√
< B̃2 >√
< E2 > EM√
< B2 > EM

Âðåì. ýâîë. àá. è íåàá. ïîëÿ 〈|Ẽ |〉. 〈|B̃|〉 â öåíòðå îáëàñòè äëÿ Au+Au
(200 ÃýÂ) ñòîëê. ñ ïðèö. ïàðàìåòðîì b = 6 Ôì. Äëÿ ñðàâí. ïðåäñò.
òàêæå ñîîòâ. êîìï. ýëåêòðîìàã. ïîëÿ. Óñðåä. ïðîâåäåíî ïî 70 ñîáûòèÿì.

〈S〉 =
∫
d4x Ẽ

2
+ H̃

2

2 = N β, Ẽ
2

= N β
L4

= n β, β = 8π2/g2 = 10�20,

n = R̄−4, R̄ ∼ 3ρ̄, ρ̄ = 1 ÃýÂ−1, |Ẽ | ∼ 25 m2
π, E ∼ 12 ÃýÂ/ôì3
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