Normalization of the HBT correlation function

D. Miśkowiec, GSI S. Voloshin, Universität Heidelberg

In the literature there exist two definitions of the correlation function which differ by the normalization. Starting from these two different definitions, authors arrive at the same relation between the correlation function and the particle emission (source) function. This means that some of the derivations are wrong. The first definition [1] is

C_1(p_1, p_2) = σ d^6σ d^3p_1d^3p_2 d^3σ d^3p_1 d^3σ d^3p_2 = d^6n d^3p_1d^3p_2 d^3n d^3p_1 d^3n d^3p_2

, (1)

where d^3σ/d^3p and d^6σ/d^3p_1/d^3p_2 are the single-particle and the two-particle cross sections, respectively, and σ is the total (inelastic) cross section, while d^3n/d^3p and d^6n/d^3p_1/d^3p_2 are the particle and the pair yields per event, respectively. The relations between the cross sections and yields are d^3n/d^3p = 1/σ d^3σ/d^3p, d^6n/d^3p_1/d^3p_2 = 1/σ d^6σ/d^3p_1/d^3p_2.

The second definition [2, 3] differs from the first one by the normalization factor:

C_2(p_1, p_2) = ⟨n⟩^2 ⟨n(n − 1)⟩ d^6n d^3p_1d^3p_2 d^3n d^3p_1 d^3n d^3p_2 (2)

with ⟨n⟩ and ⟨n(n−1)⟩ being the mean number of particles and mean number of particle pairs per event, respectively.

The third definition [4] is

C_3(p_1, p_2) =

P (p1, p2) P (p1)P (p2)^{, (3)}

where P (p_1) and P (p_1, p_2) are called probabilities of observing a single particle with momentum p_1 and a pair of particles with momenta p_1 and p_2, respectively. The word ‘probability’ can be understood in two ways: 1)

P (p1)dp1 is the mean multiplicity of particles with mo-

mentum between p_1 and p_1 + dp_1 per event, in this case

P (p1) = d^3n/d^3p1, or 2) P (p1) is the probability density

for a given particle to have momentum p_1. In the last case P (p_1) = 1/⟨n⟩ d^3n/d^3p_1. Thus, depending on the interpretation of P (p_1) and P (p_1, p_2), the definition (3) becomes equivalent to (1) or (2). In the rest of this note we consider the difference between (1) and (2).

Using these two different definions, different authors arrive at the same expression relating the correlation function to the source function. The reason for this is that, in spite of declaring different normalizations at the beginning, everybody (except, probably, [2] where the normalization is kept through-out the paper) starts his/her calculation from the same expression: C = ⟨a^y_1a^y_2a_2a_1⟩ ⟨a^y_1a_1⟩⟨a^y_2a_2⟩

. (4)

For chaotic boson source this leads to

C(p1, p2) = 1 +^{|⟨ay1a2⟩|2}

⟨a^y_1a_1⟩⟨a^y_2a_2⟩

= 1 + |f(p_1, p_2)|^2 (5)

with the function f(p_1, p_2) depending on the shape of the boson source and asymptotically approaching zero for

|p2 − p1| → ∞. For the Fermi-Dirac statistics there is a

minus sign in front of the second term.

The equivalence of the definitions (1) and (4) can be shown using the expressions for one and two particle invariant distributions:

E_1 d^3n d^3p_1

= ⟨a^y_1a_1⟩, E_1E_2 d^6n d^3p_1d^3p_2

= ⟨a^y_1a^y_2a_2a_1⟩ . (6)

It also can be shown that the definition (2) and Eq. (5) are inconsistent. Indeed, combining them we obtain

d^6n d^3p_1d^3p_2 = ⟨n(n − 1)⟩ ⟨n⟩^2 d^3n d^3p_1 d^3n d^3p_2 ( 1 + |f(p_1, p_2)|^2 ) . (7) Let us integrate this equation over p_1 and p_2. Since the integral of d^6n/d^3p_1/d^3p_2 is equal to the mean number of pairs per event ⟨n(n − 1)⟩, and the integral of d^3n/d^3p is the mean multiplicity ⟨n⟩, the integration of (7) leads to ∫ d^3n d^3p_1 d^3n d^3p_2

|f(p1, p2)|^2 d^3p1d^3p2 = 0, (8)

which is not possible unless f(p_1, p_2) is identically equal to zero. Thus, a derivation starting from (2) and leading to (5) must contain an error.

We thank P. Braun-Munzinger, T. Csörgő, H. Feldmeier, U. Heinz, S. Pratt, R. Soltz, and W. Zajc for discussions.

References

[1] F.B. Yano and S.E. Koonin, Phys. Lett. 78 B, 556 (1978); G.F. Bertsch, P. Danielewicz, and M. Herrmann, Phys. Rev. C 49, 442 (1994); M. Gyulassy and S. Padula, Phys. Lett. B 217 (1988) 181; S.S. Padula, M. Gyulassy, and S. Gavin, Nucl.Phys.B329 (1990) 357; A.N. Makhlin and Yu.M. Sinyukov, Z.Phys.C 39,69 (1988); G. Bertsch, M. Gong, and M. Tohyama, Phys. Rev. C 37, 1896 (1988); S. Mrówczyński, Phys. Lett. B 345 (1995) 393.

[2] M. Gyulassy, S.K. Kauffmann, and L. Wilson, Phys.

Rev. C 20 (1979) 2267.

[3] T. Csörgő, B. Lörstad, and J. Zimányi, Z.Phys. C 71 (1996) 491; S. Chapman and U. Heinz, Phys. Lett. B 340, 250 (1994); U.A. Wiedemann, P. Scotto, and U. Heinz, Phys.Rev.C 53, 918 (1996).

[4] E.V. Shuryak, Phys. Lett. 44 B (1973) 387; S. Pratt, Phys. Rev. Lett. 53, 1219 (1984); S. Pratt, Phys. Rev. D 33 (1986) 72; S. Pratt, Phys. Rev. D 33 (1986) 1314; S. Pratt, Phys. Rev. C 42 (1990) 2646; M. Herrmann and G.F. Bertsch, Phys. Rev. C 51 (1995) 328.