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Single particle density matrix

ρ̃(x) ∼ ρ(x; x)

ρ(x; x) ∼

∫

ρ(p; p′)e−iqxd3pd3p′;

q = p − p′

Measurable

Ω(p) ⇔ ρ(p; p)

Kielce 16 X 2004 – p.2/12



Symmetrized product and its invariance

Assuming that the n-particle density matrix can be
approximated by the symmetrized product of single particle
density matrices

Ωk(p1, . . . , pk) ⇔ ℜ [ρ(p1; p2)ρ(p2; p3) . . . ρ(pk; p1)] .

The predictions are unchanged when

ρ(p1; p2) ⇒ ρα(p1; p2) = eiα(p1,p2)(p1−p2)ρ(p1; p2),

provided that α(p1, p2)(p1 − p2) = f(p1) − f(p2), where
f = f∗. E.g.

α(p1, p2) = a + b(p1 + p2)
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Emission function

ρ(p1; p2) =

∫

d4XS(K,X)eiqX .

K =
1

2
(p1 + p2), X =

1

2
(x1 + x2).

ρα(p1; p2) =

∫

d4XS(K,X)eiq(X+α) =

∫

d4XS(K,X−α)eiqX .

Sα(K,X) = S(K,X − α).

X – K correlations

Kielce 16 X 2004 – p.4/12



Strategies

Derive S(K,X) from physics you trust.

Concentrate on the differences x1 − x2.

Constrain α.

I(K,X)=

∫

d4X1d
4X2S(K,X1)S(K,X2)e

∆Xq; ∆X = X1−X2.

I(K,X) =

∣

∣

∣

∣

∫

d4XS(K,X)eiqX

∣

∣

∣

∣

2

= |ρ(p1; p2)|
2,

I(K,X)=

∫

d4∆X

[
∫

d4XS(K,X+
∆X

2
)S(K,X−

∆X

2
)

]

eiq∆X .
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A model
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Kµ = λXµ; K2
0 − K2

q
= M2

T ; X2
0 − X2

q
= τ2; ⇒ λ =

MT

τ
.

S(K,X) = Sq(K0, Kq, X0, Xq)ST (KT , XT ,MT )
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Transverse emission function I

ST = exp

[

−
X2

T

2r2
T

−
(KT − MT

τ XT )2

2δ2
T

−
K2

T

2∆2

]

.

ST = exp

[

−
α2

T

2R2
D

−
(XT − αT )2

2R2
α

]

.

From fit to LEP data: rT ≈ 0.846 fm, τ ≈ 0.9 fm, ∆
δT

≈ 1.807

and

µ ≡
rT MT

τδt
≈

MT

0.248 GeV
.
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Transverse emission function II

Rα =
rT

√

1 + µ2
≈

0.846 fm
√

1 + µ2
.

αT = rT
µ

1 + µ2

KT

δT
≈ 0.846

µ

1 + µ2

KT

0.233 GeV
fm.

αT (p1 − p2) ∼ p2
1T − p2

2T

RD = Rα
µ

√

1 + ε(1 + µ2)
; ε ≡

δ2
T

∆2
≈ 0.306.

RT (µ) =
rT

√

1 + ε
1+εµ

2
≈

0.846 fm
√

1 + 0.234µ2
.
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Transverse emission function III
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Longitudinal emission function I

Shifts leading to

X2
0 − X2

q
6= τ2 forbidden.

Define

Y =
1

2
log

K0 + Kq

K0 − Kq

; η =
1

2
log

X0 + Xq

X0 − Xq

.

Then
X0 = τ cosh η; Xq = τ sinh η;

K0 = MT cosh Y ; Kq = MT sinh Y.

Sqαη
(MT , Y, τ, η) = Sq(MT , Y, τ, η − αη)
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Longitudinal emission function II

Sq = exp

[

1

2δ2
q

(

(K0 −
MT

τ
X0)

2 − (Kq −
MT

τ
Xq)

2

)]

.

Sq = exp

[

M2
T

2δ2
q

(1 − cosh(η − Y ))

]

.

αη = 0,

Sq = exp

[

M2
T

2δ2
q

(1 − cosh η)

]

Sq = exp

[

−

(

µτ

rT

)2
(

√

1 +
X q

2

τ2
− 1

)]
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Longitudinal emission function III
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