arXiv:1206.1541v2 [hep-ph] 14 Jun 2012

The EMC effect: local nuclear dynamics or quark-gluon dynamics?

Carlos A. García Canal^∗ and Tatiana Tarutina^† Laboratorio de Física Teórica, Departamento de Física, IFLP, CONICET, Facultad de Ciencias Exactas, Universidad Nacional de La Plata C.C. 67, 1900 La Plata, Argentina.

Vicente Vento^‡ Departamento de Fisica Teorica and Instituto de Física Corpuscular, Universidad de Valencia-CSIC, E-46100 Burjassot (Valencia), Spain. (Dated: June 15, 2012)

It has been recently confirmed that the magnitude of the EMC effect measured in electron deep inelastic scattering is linearly related to the Short Range Correlation scaling factor obtained from electron inclusive scattering. By using an effective nucleon mass approach we are able to understand the interplay between the quark-gluon and hadronic degrees of freedom in the discussion of the EMC effect.

PACS numbers: 24.85+p, 25.30.Mr, 12.38-t Keywords: EMC effect, Short Range Correlations, quark, gluon, hadron

Deep Inelastic Scattering (DIS) provides a tool for probing the quark momentum distribution in nucleons and in nuclei. Since the first indications that DIS structure functions measured in charged-lepton scattering off nuclei differ significantly from those measured in isolated nucleons [1, 2] there has been a continuous interest in fully understanding the microscopic mechanism responsible for the so called EMC effect and how it affects the momentum distribution of quarks in nuclei.

The experiment E03-103 at Jefferson Lab has provided precise measurements of the EMC effect at large x, in light nuclei,^3He,^4He,^9Be and^{12}C [3]. In Refs. [4– 6] it was shown that the EMC effect is linearly related to the short-range correlation (SRC) scale factor that is obtained from electron inclusive scattering and which relates pairs of nucleons with high relative momentum and low center of mass momentum relative to the Fermi one. The SRC is related to nucleon-nucleon correlations and contain no explicit quark-gluon effects. They represent the high momentum components of the nuclear wave function, which can be described in terms of nucleonic degrees of freedom. They are responsible (in medium and heavy nuclei) for 60 % of the kinetic energy of nucleons in the nuclei [7].

Let us show the mentioned dependence of the EMC effect by plotting its slope versus the SRC scale factor a_2(A/d). In Fig. 1a we show the overall fit using the data of columns 2, 4, 6, 7 and 8 of table I in Ref. [8], which correspond to data from Refs. [9], [10] and [11] for a_2(A/d), and Ref. [5] for dR/dx. Note that, as was done in Ref. [8], we have taken the data of Ref. [11] excluding their correction for the center of mass motion of the SRC-pair. We obtain a reasonably good linear fit but discover that the high A nuclei lie almost all above, and the low A nuclei almost all below, the line.

We proceed to fit two lines one for heavy and the other for light nuclei using^{12}C as the dividing point as shown in Fig. 1b. The fits are now very precise and the slope of the straight line is steeper for heavy nuclei (slope = 0.2255 ± 0.0744) than for light ones (0.0792 ± 0.0104). Therefore, we conclude that whatever physics governs these two observables has a drastic change around^{12}C. Nevermind this result, the fact that the EMC effect might be explained in terms of purely hadronic physics, is a matter of thought.

These developments moved us to reanalyze the data in terms of a formalism which had proven quite efficient in describing the EMC effect [12], where the phenomenon was explained by introducing an effective mass for the nucleon in nuclei as the only free parameter to fit the ratio of nucleon structure functions in nuclei with respect to the deuteron. This formalism was shown to be related to x-rescaling and perturbative QCD [13].

Let us remember the tools used in the analysis of experimental data in terms of the x-rescaling [13], recalling that this approach is entirely equivalent to the Q^2- rescaling mechanism [15]. A convolution model is used to account for Fermi smearing, as well as binding effects, and the Fermi momentum is taken from perturbative QCD. The effective nucleon mass is taken to be the only free parameter. The nuclear structure function reads

AF_2(x, Q^2) = ∫_{z2} z_1

dz f^A(z) F^N_2 (x/Az, Q^2), (1)

where F^N_2 is the free nucleon structure function and f^A(z) is the standard distribution function,

f^A(z) = 3mA^2 4k_F [ 1 − (m^2A^2/k^2_F ) (z − 1/ηA)^2 ] . (2)

FIG. 1. a) The EMC slopes extracted from Refs. [5] versus the a2(A/d) parameters extracted from [9–11] as described in Table I of Ref. [8]. b) The EMC slopes versus the effective mass parameter.The large-dashed straight line corresponds to light nuclei up to^{12}C, the small-dashed one to the heavy nuclei from^{12}C on.

FIG. 2. Ratio of the the^9Be to the deuteron structure functions versus x, the proton scaling variable. The solid line corresponds to η = 1.0125 in the formalism of Refs. [12, 13] .

TABLE I. For the measured nuclei the value of the effective mass parameter η = m^∗/m obtained by fitting the data of Ref. [2, 3] and use the pdfs of Ref. [16] with our formalism.

A^2H^3He^4He^9Be^{12}C^{56}Fe^{197}Au

η 1.0000 1.0040 1.0115 1.0125 1.0160 1.0255 1.0330

The limits of integration are z_{1,2} = 1/η A∓k_F /mA. Here z is the fraction of the nucleus momentum carried by the nucleon, k_F is the Fermi momentum and η = m/m^∗ is the ratio of the free nucleon mass to the effective one, and remains as the only free parameter. The binding energy of a nucleon in the nucleus considered is simply ϵ = m(1/η − 1). For the free nucleon structure function we have used the parametrization in Ref. [16].

The above formalism leads to fits of very good quality. We show in Fig. 2 an example of a standard fit for^9Be corresponding to a value η = 1.0125 restricted to the xregion of present interest. Similar quality was obtained for all the nuclei considered. In Table I we summarize the values of η obtained.

In order to compare with the SRC proposal [5], we take the values of the measured EMC slopes they quote in their Table I, corresponding to the range 0.3 ≤ x ≤ 0.7. With these experimental data and the η values obtained in the fit, we plot Fig. 3a that also shows a linear dependence of the EMC slopes with the effective mass parameter η.

We note in Fig. 3a that some heavy and light nuclei are outside the linear fit and proceed to produce two independent linear relations, one for the light nuclei and one for the heavy nuclei as shown in Fig. 3b. Note that we could have done similar plots of dR/dx as a function of confinement scales R^∗/R [13–15].

We discover again that the physics associated with the heavy nuclei is different from that of the light nuclei. The effective mass seems to grow faster with A for the light nuclei than it does for the heavy nuclei. In Ref. [13] it was shown that there is a direct connection between the x-rescaling approach and the Q^2-rescaling one [15] based on perturbative QCD. This analysis based on the renormalization group evolution is related to the perturbative quark-gluon structure of the nucleons [15].

Thus we arrive to an impasse, we find linear correlations between dR/dx both in the hadronic scheme with a_2(A/d), and in the quark-gluon scheme with η. Both schemes are able to explain the EMC phenomenon (0.3 < x < 0.7) and therefore we can associate it either to the effect of the local nuclear environment as characterized by the high momentum components of the nuclear wave function [3], as well as, to the effective mass (xscaling) through arguments based on perturbative QCD, but and this is important though the non perturbative effective mass parameter.

Evidently as shown in Fig. 4 we obtain low and high A linear relations between the parameter η and the SRC scale factor a_2(A/d), which implies that both treatments are related in an easy mathematical form.

FIG. 3. a) The EMC slopes extracted from Refs. [5] versus the effective mass parameter. b)The EMC slopes versus the effective mass parameter.The large-dashed straight line corresponds to nuclei up to^{12}C, the small-dashed one to the heavy nuclei from 12C on.

FIG. 4. Short Range Correlation scale factor a2(A/d) versus the nucleon effective mass parameter η. We see a low A (largedashed) and a high A (small-dashed) linear relation.

Is there a way of understanding this duality of treatments and its physical implications? Our point of view on the problem goes as follows. None of both treatments is purely QCD or hadronic. Both contain through their parametrization the other component. In the case of the x-scaling procedure the hadronic behavior arises through the fitting of the effective mass parameter, an in medium hadronic property. In the case of the SRC motivated relation one should recall Weinberg’s theorem [17] which implies that QCD in some kinematical regime can be understood in terms of purely hadronic degrees of freedom. The quark-gluon behavior arises through the fitting of the dynamical constants. These treatments are both highly non additive. Fig. 4 shows a very strong variation of a_2(A/d) with η for large A, which implies that hadronic effects are large for large A and therefore a hadronic treatment is best suited in this regime. On the contrary the slow growth at low A, implies that a QCD treatment is favored with some small hadronic dependence in the low A regime. The A dependence of the EMC contribution has been obtained in a microscopic treatment of the EMC effect which separates all the various components contributing to the process, i.e. nucleon structure, equivalent photon and the hadronic components [18]. In our treatment the various dependences are implicit. Note that their scaling variable is purely perturbative not like our effective mass which is non perturbative. A relation between both approaches would clarify some issues and provide the x dependence. We may speculate at this point based on preliminary calculations that the low A and low x (0.3 < x < 0.5) regime should be the best to see the x-scaling almost perturbative behavior.

The linear correlation between the different parameters shown in here allows one to conclude that in hadronic language, as it was suggested in [3], the nuclear dependence of the quark distributions are directly related to the local nuclear environment of the acted nucleon, and in terms of quark-gluon language the nucleons in the medium acquire an effective mass which is smaller than that in the vacuum. Both statements represent a dual view of the EMC effect.

ACKNOWLEDGEMENT

We acknowledge useful conversations with H. Fanchiotti. We thank O. Hen for a clarifying discussion regarding the linear fits. C.A.G.C. is thankful to R. Sassot for useful comments. C.A.G.C. and T.T. have been partially supported ANPCyT Argentina. V.V. has been funded by the Ministerio de Economía y Competitividad and EU FEDER under contract FPA2010-21750-C02- 01, by Consolider Ingenio 2010 CPAN (CSD2007-00042), by Generalitat Valenciana: Prometeo/2009/129, by the European Integrated Infrastructure Initiative Hadron- Physics3 (Grant number 283286).

∗ cgarciacanal@fisica.unlp.edu.ar † tarutina@fisica.unlp.edu.ar

‡ vicente.vento@uv.es [1] J. J. Aubert et al. [European Muon Collaboration], Phys.

Lett. B 123, 275 (1983).

[2] R. G. Arnold, P. E. Bosted, C. C. Chang, J. Gomez, A. T. Katramatou, G. Petratos, A. A. Rahbar and S. Rock et al., Phys. Rev. Lett. 52, 727 (1984).

[3] J. Seely, A. Daniel, D. Gaskell, J. Arrington, N. Fomin, P. Solvignon, R. Asaturyan and F. Benmokhtar et al., Phys. Rev. Lett. 103 (2009) 202301 [arXiv:0904.4448 [nucl-ex]].

[4] D. W. Higinbotham, AIP Conf. Proc. 1374 (2011) 85 [arXiv:1010.4433 [nucl-ex]].

[5] L. B. Weinstein, E. Piasetzky, D. W. Higinbotham, J. Gomez, O. Hen and R. Shneor, Phys. Rev. Lett. 106 (2011) 052301 [arXiv:1009.5666 [hep-ph]].

[6] E. Piasetzky, L. B. Weinstein, D. W. Higinbotham, J. Gomez, O. Hen and R. Shneor, Nucl. Phys. A 855 (2011) 245.

[7] L. Frankfurt, M. Sargsian and M. Strikman, AIP Conf.

Proc. 1056 (2008) 322 [arXiv:0901.2340 [nucl-th]]. [8] O. Hen, E. Piasetzky and L. B. Weinstein, Phys. Rev. C 85, 047301 (2012) [arXiv:1202.3452 [nucl-ex]].

[9] L. L. Frankfurt, M. I. Strikman, D. B. Day and M. Sargsian, Phys. Rev. C 48, 2451 (1993).

[10] K. S. Egiyan et al. [CLAS Collaboration], Phys. Rev.

Lett. 96, 082501 (2006) [nucl-ex/0508026].

[11] N. Fomin, J. Arrington, R. Asaturyan, F. Benmokhtar, W. Boeglin, P. Bosted, A. Bruell and M. H. S. Bukhari et al., Phys. Rev. Lett. 108, 092502 (2012) [arXiv:1107.3583 [nucl-ex]].

[12] C. A. Garcia Canal, E. M. Santangelo and H. Vucetich, Phys. Rev. Lett. 53, 1430 (1984).

[13] C. A. Garcia Canal, E. M. Santangelo and H. Vucetich, Phys. Rev. D 35, 382 (1987).

[14] F. E. Close, R. L. Jaffe, R. G. Roberts and G. G. Ross, Phys. Rev. D 31, 1004 (1985).

[15] F. E. Close, R. G. Roberts and G. G. Ross, Phys. Lett.

B 168, 400 (1986).

[16] A. D. Martin, W. J. Stirling, R. S. Thorne and G. Watt, Eur. Phys. J. C 63, 189 (2009) [arXiv:0901.0002 [hepph]].

[17] S. Weinberg, Physica A 96, 327 (1979).

[18] L. Frankfurt and M. Strikman, Int. J. Mod. Phys. E 21, 1230002 (2012) [arXiv:1203.5278 [hep-ph]].