arXiv:1307.0283v1 [hep-ph] 1 Jul 2013

Is elastic scattering at the LHC absorptive or geometric?

S.M. Troshin, N.E. Tyurin

Institute for High Energy Physics, Protvino, Moscow Region, 142281, Russia

Abstract

We discuss the role of the quantities differential over impact parameter for the clarification of the possible asymptotics from the available experimental data on elastic scattering at the LHC.

There is a general opinion that the upper (Froissart-Martin) bound for the total cross-sections would be saturated at asymptotics. The hopes to understand asymptotic behavior of strongly interacting particles always arise when the new particle machine starts to operate. But, after not so long time passed, it becomes evident that asymptotic limit is still elusive. Cosmic rays experiments probe much higher energies, but those have much lower statistics. Their use has even allowed to produce a claim that the solution of the asymptotic puzzle has already been found [1]. But, there are two reasons preventing acceptance of this conclusion as an only relevant reflection of the physics reality. These results are model-dependent and the the experimental data for the scattering in the forward direction were only used.

Despite that functional energy dependence of the total cross-section is considered in most cases to follow ln^2 s-dependence, the value of the numerical factor in front of ln^2 s remains obscure. This issue is closely related to the selection of the upper limit for the partial amplitude, namely, should this limit correspond to the maximum of the inelastic channel contribution to the elastic unitarity with asymptotics σ_{el}(s)/σ_{tot}(s) → 1/2 or it corresponds to a maximal value of the partial amplidudes allowed by unitarity and results in the asymptotics σ_{el}(s)/σ_{tot}(s) → 1. The assumption that the former case takes place allowed to improve an original Froissart-Martin bound for the total cross-sections [2]. The bound for the total inelastic cross-section reduced by factor 4^1 has also been derived. The latter ratio of the elastic to total cross-section corresponds to the energy increase of the total inelastic cross-section slower than ln^2 s.

Different asymptotic limits have been considered in [4] in almost modelindependent way, but also for the forward scattering data only.

The inclusion into the analysed data set of the elastic differential crosssection can provide new information on the possible asymptotics in hadron scattering. The main tool here is a reconstruction of the impact parameter dependent quantities from this experimental dataset.

It has been known for a long time (cf. [5]) that position operator (impact parameter) deprives of its unpleasant features related to the non-commutativity with the Hamiltonian with the energy increase. At the moment the highest

1Note, that such an energy dependence for the total inelastic cross-section has been obtained by Heisenberg [3].

available particle collision energy is provided at the LHC. It seems that at such high energies the impact parameter representation for the spinless particles can be used. One of the attractive features of this representation is diagonalization of the unitarity equation for the elastic scattering amplitude f(s, b), i.e. at high energies Imf(s, b) = h_{el}(s, b) + h_{inel}(s, b) with accuracy up to the terms O(1/s) [6]. The function h_{el}(s, b) ≡ |f(s, b)|^2 is the contribution of the elastic channel, while h_{inel}(s, b) takes into account contribution of the all inelastic channels, b is an impact parameter of colliding hadrons. This equation is instrumental for the reconstruction of h_{inel}(s, b) from the elastic scattering data^{2 3}.

It should be noted that unitarity implies an existence in of the two scattering modes - absorptive and geometric ones. Namely, the elastic scattering S-matrix (related to the elastic scattering amplitude as S(s, b) = 1+2if(s, b)) can be presented in the form S(s, b) = κ(s, b) exp[2iδ(s, b)] with thetwo real functions κ(s, b) and δ(s, b). The function κ (0 ≤ κ ≤ 1) is an absorption factor, κ = 0 corresponds to a complete absorption of the incoming channel. It seems that at the LHC energies the real part of the scattering amplitude can be neglected, and selection of the absorptive or geometric elastic scattering is governed by the phase δ(s, b). The usual approximation is that the function S(s, b) → 0 when the impact parameter b is fixed and s → ∞ . It corresponds to approaching black disk limit and the elastic scattering then is completely absorptive, i.e. it is just a shadow of all the inelastic processes.

There is another option, i.e. the function S(s, b) → −1 when b is fixed and s → ∞, i.e. κ → 1 and δ → π/2. This limiting behavior corresponds to a geometric scattering [9, 10]. The geometric phase is non-zero in this case, namely δ is equal to π/2.

Thus to find an answer to the question what kind of scattering takes place at asymptotics, absorptive or geometric, one can use the reconstruction of the impact parameter elastic scattering amplitude from the experimental data set which includes differential cross-section of the elastic scattering. We would like to point out the recent analysis performed in [11] which indicates that the amplitude f(s, b) can reach and even already crossed the black-disk

2Cf. e.g. [7] for an earlier analysis of h_{inel}(s, b) and [8] for the most recent one. 3The function h_{inel}(s, b) is not well suited for the studies of asymptotics due to an absence of the one-to-one correspondence between the two functions f(s, b) and h_{inel}(s, b).

limit at b = 0 and √ s = 7 TeV. If so, it would testify in favor of transition to the geometric elastic scattering at the LHC energies. This analysis also uses some particular models, but nevertheless it has a full potential to extract the impact parameter quantities.

The model-independent analysis of the LHC data devoted to the reconstruction of the impact parameter amplitude f(s, b) is desirable and instumental for the clarification of the hadron asymptotics^4.

Acknowledgement

We are grateful to E. Martynov for letting us to know results of the impact parameter analysis of the elastic scattering.

References

[1] M.M. Block, F. Halzen, Phys. Rev. Lett. 107, 212002 (2011).

[2] A. Martin, Phys. Rev. D 80, 065013 (2009).

[3] W. Heisenberg, Zeit. Phys. 133, 65 (1952).

[4] D.A. Fagundes, M.J. Menon, Nucl. Phys. A 880, 1 (2012).

[5] B.R. Webber, Nucl. Phys. B 87, 269 (1975).

[6] M.L. Goldberger, K.M. Watson, Collision Theory, John Wiley and Sons, Inc., New-York—London—Sydney 1964.

[7] U. Amaldi, K.S. Schubert, Nucl. Phys. B 166, 301 (1980).

[8] I.M. Dremin, V.A. Nechitailo, arXiv:1306.5384 [hep-ph].

[9] S.M. Troshin, N.E. Tyurin, Int. J. Mod. Phys. A 22, 4437 (2007).

[10] S.M. Troshin, N.E. Tyurin, arXiv:1305.6153 [hep-ph].

[11] A. Alkin, O. Kovalenko, E. Martynov, arXiv:1304.0850 [hep-ph].

[12] P. Giromini, Proc. of the Vth BLOIS Workshop, Elastic and Diffractive Scattering, Eds. H.M. Fried, K. Kang, C-I Tan, World Scientific, Singapore, 1994, p. 30.

4It should be noted here that the value of Imf(s, b) has increased from 0.36 (CERN ISR) to 0.492 ± 0.008 (Tevatron) and is very close to the black disk limit in this energy domain[12].