arXiv:hep-ph/0001176 18 Jan 2000

HZPP-0001 Jan. 20, 2000

The Influence of Multiplicity Fluctuation on the Erraticity Behaviour in High Energy Collisions^1

Liu zhixiu, Fu Jinghua and Liu Lianshou

Institute of Particle Physics, Huazhong Normal University, Wuhan 430079 China

ABSTRACT

The influence of multiplicity distribution (fluctuation of multiplicity in the event space) on the erraticity behaviour in high energy collisions is investigated via Monte Carlo simulation and compared with the experimental results from NA27 data. It is shown that, the erraticity phenomenon is insensitive to the multiplicity fluctuation. When the average multiplicity is low, this phenomenon is dominated by the statistical fluctuations also in the case of multiplicities, fluctuating from event to event.

PACS number: 13.85 Hd Keywords: Erraticity, Multiplicity distribution, Dynamical fluctuations

1This work is supported in part by the NSFC under project 19975021.

Since the discovery of unexpectedly large local fluctuations in a high multiplicity event recorded by the JACEE collaboration [1], the investigation of non-linear phenomena in high energy collisions has attracted much attention [2]. An anomalous scaling of factorial moments, defined as

F_q = 1 M M∑ m=1 ⟨n_m(n_m − 1) · · · (n_m − q + 1)⟩ ⟨n_m⟩^q , (1)

at diminishing phase space scale or increasing partition number M of phase space [3]:

F_q ∝ M�^ϕq , (2)

called intermittency (or fractal) has been proposed for this purpose in multiparticle system and has been observed successfully in various experiments [4][5]. The average ⟨· · ·⟩ in Eqn.(1) is over the whole event sample and n_m is the number of particle falling into the mth bin.

Recently, Cao and Hwa [6] argued that besides the factorial moments F_q averaged over event sample, the fluctuation of single event factorial moments

F^{(e)}_q = 1 M M∑ m=1 n_m(n_m − 1) · · · (n_m − q + 1) ( 1 M M∑ m=1 n_m )q (3)

in the event space can also be ultilized to characterize the dynamical property of the hadronic system produced in the collisions.

The fluctuations of F^e_q from event to event can be quantified by its normalized moments as: C_{p,q} = ⟨Φ^p_q ⟩, Φ_q = F^{(e)}_q / ⟨F^{(e)}_q ⟩ , (4) and by dC_{p,q}/dp at p = 1:

Σ_q = ⟨Φ_q ln Φ_q⟩ (5)

If there is a power-law behavior of the fluctuation as the partition number goes to infinity (or as the resolution δ = Δ/M becomes very small), i.e.

C_{p,q}(M) ∝ M^ψq^{(p)}, (6)

the phenomenon is referred to as erraticity [7]. The derivative of the exponent ψ_q(p) at p = 1

μ_q = d dp ψ_q(p) | | | | | p=1 = ∂Σ_q ∂ ln M (7) describes the width of the fluctuation and is called the entropy index.

Wang et al. [8] have used this method to analyse the 400 GeV/c pp collision data from NA27 and really found evidences for the predicted erraticity phenomenon. Some physical conclusions have been drawn tentatively from this experimental finding.

However, it is well known that the obstacle of event-by-event analysis is the influence of statistical fluctuations caused by an insufficient number of particles. The big advantage [3] of sample factorial moments, Eqn.(1), in being able to eliminate the statistical fluctuations comes from the average over event sample. The same procedure cannot be applied to the event factorial moments of Eqn.(3) [9][10]. Since the number of particles in an event is always finite, event factorial moments cannot completely eliminate statistical fluctuations and therefore cannot represent the dynamical probability moments associated with it.

It has been shown [10] that a flat probability distribution with 9 particles in each event, distributed according to the Bernoulli distribution: B(n_1, . . . , n_M |p_1, . . . , p_M ) = N! n_1! · · · n_M !

p^{n1}_1 · · · p^nM_M , M∑ m=1 n_m = N, (8)

can reproduce the phenomenon observed in NA27 data [8]. This indicates that when multiplicity is low the fluctuation of factorial moments in event space is dominated by statistical fluctuations [9]. The erraticity phenomenon observed in NA27 data is mainly due to statistical fluctuations and has little to do with real physics.

However, in order to draw a more reliable conclusion, it should be noticed that the multiplicity in NA27 experiment is not a constant, but is fluctuating from event to event. How will this additional fluctuation in the event space influence the fluctuation in the same space of the factorial moment? To answer to this question is the main goal of this letter.

Let us parametrize the multiplicity distribution in 400 GeV/c pp collision from NA27 experiment [11] by means of a negative-binomail distribution (NBD) [12]:

P_n = ( n + k − 1 n ) ( ⟨n⟩/k 1 + ⟨n⟩/k )n 1 (1 + ⟨n⟩/k)^k . (9)

In Eqn.(9) the average multiplicity ⟨n⟩ is taken as 9.84, the parameter k is fitting to be 12.76, cf. Fig.1.

According to the NBD distribution, Eqn.(9), 60 000 events are obtained using Monte Carlo method. In each event the phase space region Ω is divided into M bins and the n particles of this event are allocated in these bins according to the Bernoulli distribution, Eqn.(8). The event factorial moments F^{(e)}_q and the corresponding C_{p,q}, Σ_q are then calculated according to Eqn’s.(3), (4), (5).

The results of lnC_{p,q} versus lnM (q = 2, 3, 4) are plotted in Fig.2 together with the experimental results [8] from NA27 data. Comparing the results of the present model with both statistical and multiplicity fluctuations with the results in Ref. [10] for fixed multiplicity

(n = 9), having only statistical fluctuations, we can see that the influence of multiplicity fluctuation is weak. When the average multiplicity is low, the erraticity phenomenon is still dominated by the statistical fluctuations, even in the case of multiplicities, fluctuating from event to event.

In order to show the dependence of erraticity behaviour on the width of multiplicity distribution, i.e. the strength of multiplicity fluctuation in the event space, in more detail, we have done the same calculation by fixing the average multiplicity to ⟨n⟩ = 9 while varying the distribution width through changing the NBD parameter k from 0.5 to 18, cf. Fig.3. The results for lnC_{p,q} and Σ are shown in Fig’s 4(a) and (b) respectively. It can be seen from Fig’s.3 and Fig.4 that, when the parameter k varies within the above-mentioned range the width of multiplicity distribution changes considerably while the erraticity phenomenon remains qualitatively the same. The corresponding curves are nearly parallel to each other at large M.

In conlusion, we have been able to reproduce the erraticity phenomenon observed in the experimental data from NA27, using a flat probability distribution with both statistical and multiplicity fluctuations. This means that when the average multiplicity is low, the erraticity phenomenon is dominated by the statistical fluctuations also in the case of multiplicities, fluctuating from event to event. Through varying the NBD parameter k over a large range, we have shown that the erraticity phenomenon is insensitive to the width of multiplicity distribution.

Acknowledgement The authors are grateful to Wu Yuanfang for valuable discussions.

References

[1] T. H. Burnett et al., Phys. Rev. Lett. 50 (1983) 2062. [2] E.A. De Wolf, I.M. Dremin and W. Kittel, Phys. Rep. 270 (1996) 1. [3] A. Białas and R. Peschanski, Nucl. Phys. B 273 (1986) 703; ibid 308 (1988) 857; [4] N.M. Agababyan et al. (NA22), Phys. Lett. B382 (1996) 305; ibid B431 (1998) 451; [5] S. Wang, Z. Wang and C. Wu, Phys. Lett. B 410 (323) 1997.

[6] Z. Cao and R. Hwa, Phys. Rev. Lett. 75 (1995) 1268; Z. Cao and R. Hwa, Phys. Rev. D 54 (1996) 6674; Z. Cao and R. Hwa, Phys. Rev. E 56 (1997) 326; Z. Cao and R. Hwa, Erraticity analysis of soft production by ECOMB, University of Oregon preprint OITS 666, 1999.

[7] R. C. Hwa, Acta Phys. Pol. B27 (1996) 1789.

[8] Wang Shaushun and Wang Zhaomin, Phys. Rev. D 57 (1998) 3036; HE&N Phys. 22 (1999) 873 (in Chinese); Shaushun Wang, Chong Wu and Zhaomin Wang, Phys. Lett. B 458 (505) 1999.

[9] Fu Jinghua, Wu Yuanfang and Liu Lianshou, The Influence of Statistical Fluctuations on the Erraticity Behavior of Multiparticle System, Phys. Lett. B in press.

[10] Liu Lianshou, Fu Jinghua and Wu Yuanfang, On the dominance of statistical fluctuation in the factorial-moment study of chaos in low multiplicity events of high energy collisions, Science in China, in press.

[11] Wang Shaushun et al., HE&N Phys. 13 (1989) 673 (in Chinese). [12] G. J. Alner et al. (UA5), Phys. Lett. B 160 (1985) 199.

Figure captions

Fig.1 The negative-binomial distribution (⟨n⟩ = 9.84, k = 12.76) fitting to the multiplicity distribution of 400 GeV/c pp collision. Data taken from [11].

Fig.2 The C_{p,q} of flat probability distribution with both statistical and multiplicity fluctuations as compared with that of 400 GeV/c pp collision. Data taken from [11]. Fig.3 The negative-binomial distribution with various values of parameter k. Fig.4 The C_{p,q} (a) and Σ_q (b) from flat probability distribution with statistical fluctuation and negative-binomial multiplicity distribution (with various values of parameter k).

Fig.1

Fig.2

Fig.3

(a) (b) Fig.4