hep-ph/9911358 15 Nov 1999

A DOUBLE PARTON SCATTERING BACKGROUND TO HIGGS BOSON PRODUCTION AT THE LHC

A. Del Fabbro and D.Treleani Università di Trieste; Dipartimento di Fisica Teorica, Strada Costiera 11, Miramare-Grignano, and INFN, Sezione di Trieste, I-34014 Trieste, Italy.

Abstract

The experimental capability of recognizing the presence of b quarks in complex hadronic final states has addressed the attention towards final states with bb̄ pairs for observing the production of the Higgs boson at the LHC, in the intermediate Higgs mass range. We point out that double parton scattering processes are going to represent a sizeable background to the process.

E-mail delfabbr@ts.infn.it

E-mail daniel@trieste.infn.it

I. INTRODUCTION

The problem of identifying the most convenient signatures for detecting the Higgs boson production at the LHC has been widely discussed in the literature [1]. Most results are summarized in ref. [2], where, in addition, various different backgrounds to the process are estimated. The bb̄ channel is the most favorite Higgs decay mode when the Higgs mass is below the W^+W � threshold [1]. The confidence in the capability of identifying efficiently the b quark jets [7] has therefore addressed towards the detection of bb̄ pairs to observe the Higgs boson production at the LHC, if the Higgs mass is in the range 80GeV < M_H < 150GeV . To reduce the huge QCD background to the bb̄ pair production, the bb̄ pair is detected in association with an isolated lepton from the decay of a W boson. The process of interest to detect the Higgs boson production through the bb̄ decay channel is therefore: p + p → W H + X, with W → lν_l, H → bb̄, where l = e, μ.

The purpose of the present note is to point out that the same l, bb̄ final state can be produced also by a different mechanism, namely by a double parton collision process, which represents therefore a further background to be taken into account in addition to the other background processes previously considered. In fact as a result of the present analysis we find that double parton scatterings may represent a rather sizeable source of background.

The possibility of hadronic interactions with double parton scattering collisions was foreseen on rather general grounds long ago [8]. The process has been recently observed by CDF [9]: In a hadronic interaction with a double parton scattering two different pairs of partons interact independently at different points in the transverse space, in the same inelastic hadronic event. The process is induced by unitarity and, as a consequence, it has been considered mostly in the regime where the partonic cross sections become comparable to the total inelastic hadronic cross section, namely large c.m. energy in the hadronic interaction and relatively low transverse momenta of the produced partons. Those are in fact also the conditions where the process was observed [9]. In such a kinematical regime one does not expect strong initial state correlations in the fractional momenta of the partons undergoing the double collision process and, with this simplifying hypothesis, the double parton scattering cross section is proportional to the product of two single scattering cross sections. All the new non perturbative information on the structure of the colliding hadrons provided by the process, in the specific case the information on the two-body parton correlation in transverse space, reduces to a scale factor with dimensions of a cross section (the ’effective cross section’ [10]). In the case of two identical parton interactions, as for producing four large p_t jets, the double parton scattering cross section assumes therefore the simplest factorized form σ_D(Jets) = 1 2 σ^2_J σ_{eff} (1) σ_J is the usually considered single parton scattering cross section:

σ_J = X ff^0 Z_{pt>pmint dxdx0d2ptGf (x)Gf 0 (x0)dσ̂ff 0d2pt (2)}

where G_f (x) is the parton distribution as a function of the momentum fraction x and at the scale p_t. The different species of interacting partons are indicated with the label f and dσ̂_{ff} 0 /d^2p_t is the elementary partonic cross section. σ_{eff} is the effective cross section and it enters as a simple proportionality factor in the integrated inclusive cross section for a double parton scattering σ_D. The value of σ_{eff} represents therefore the whole output of the measure of the double parton scattering process in this simplest scheme, which on the other hand has shown to be in agreement with the available experimental evidence [9]. In the case of two distinguishable parton scatterings A and B the factor 1/2 in Eq.1 is missing and one correspondingly writes σ_D(AB) = σ_Aσ_B σ_{eff} (3) The effective cross section is a geometrical property of the hadronic interaction, related to the overlap of the matter distribution of the two interacting hadrons in transverse space. The expectation is that it is independent on the c.m. energy of the hadronic collision and on the cutoff p^{cut}_t [10]. Moreover, although one may expect that different kinds of partons may be distributed in different ways in the transverse space, one does not expect a strong dependence of σ_{eff} on the different possible partonic reactions. The simplest possibility to consider is therefore the one where the scale factors in Eq.1 and in Eq.3 are the same.

In the intermediate Higgs mass range the partonic center of mass energy needed for producing the Higgs boson is relatively low, as compared to the overall energy involved in the hadronic collision at the LHC, and one may therefore expect that the factorization in Eq.3 may still be a good approximation when producing partonic states with values of the invariant mass of the order of the mass of the Higgs. We will therefore estimate the double parton scattering background to the process p + p → W H + X, with W → lν_l and H → bb̄, by using the simplest expression in Eq.3. We will also take the attitude of considering the value of σ_{eff} as a universal property of all double parton interactions and we will use the actual value which was measured by CDF [9]. In this respect one has to point out that in the experimental analysis of CDF the measure of the double parton scattering cross section has been performed by removing all triple parton collision events from the sample of inelastic events with double parton scatterings. The double parton scattering cross section measured in the experimental analysis does not correspond therefore to the inclusive cross section written here above and usually considered in the literature, which allows the simple inverse proportionality relation between σ_D and σ_{eff} . The double parton scattering cross section measured by the CDF experiment is in fact smaller as compared to the double parton scattering cross section discussed here. As a consequence the resulting value of the effective cross section, σ_{eff} |_{CDF} , is somewhat larger [10] with respect to the quantity suitable to the actual purposes. By using in the present note σ_{eff} |_{CDF} as a scale factor for the double parton scattering process, we will therefore underestimate the size of the background due to double parton scatterings to the Higgs boson production.

II. DOUBLE PARTON SCATTERING BACKGROUND PROCESS

A background to the process p + p → W H + X, with W → lν_l, H → bb̄ is represented by the double parton scattering interaction where the intermediate vector boson W and the bb̄ pair are produced in two independent parton interactions. The corresponding integrated rate is easily evaluated by combining the expected cross sections for W and bb̄ production at LHC energy with σ_{eff} as in Eq.3. If one uses σ(W ) × BR(W → lν_l) ≃ 40nb [6], σ(bb̄) ≃ 5 × 10^2μ and as a value for the scale factor σ_{eff} = 14.5mb (4) (the observed value is σ_{eff} |_{CDF} = 14.5 ± 1.7^{+1.7}�_{2.3}mb [9]) one obtains that the cross section for a double parton collision producing a W → lν_l and a bb̄ pair, is of the order of 1.4nb. The Higgs production cross sections, p + p → W H + X, with W → lν_l, H → bb̄, has been estimated to be rather of order of 1pb [2]. By integrating the double parton scattering cross section over the whole possible configurations of the bb̄ pair one then obtains a cross section three orders of magnitude larger that the expected signal from Higgs decay. Obviously, rather than the integrated cross sections, one is interested in comparing the two differential cross sections as a function of the invariant mass of the bb̄ pair.

In the calculations of the background and signal we used, for the matrix elements, the packages MadGraph [3] and HELAS [4], and the integration was performed by VEGAS [5] with the parton distributions MRS99 [6]. The cross section to produce W H, followed by W → lν_l, H → bb̄, is plotted in fig.1 for three different possible values of the Higgs mass, and it is compared with the double parton scattering cross section dσ_D/dM_b¯_b as a function of the invariant mass of the bb̄ system. The estimated signal of Higgs boson production in the invariant mass of the bb̄ pair [2] corresponds to the three possible values for the mass of the Higgs boson, 80, 100 and 120GeV . The curves refer to background double parton scattering process. The dashed line is obtained by estimating the cross section for bb̄ production at the lowest order in α_S and by using as a scale factor in α_S the transverse mass of the b quark. The continuous line is a rescaling of the lowest order result by a factor 1.8 and it corresponds to the expectations of the order α^3_S estimates of the bb̄ cross section according with ref. [11]. The estimated background from double parton scatterings is therefore a factor four of five larger than the expected signal.

In fig.2 we compare the signal and the background after applying all the typical cuts considered to select the Higgs signal:

- for the lepton: p^l_t > 20 GeV, |η^l| < 2.5 and isolation from the b’s, ΔR_{l,b} > .7 - for the two b partons: p^b_t > 15 GeV, |η^b| < 2 and ΔR_{b,}¯_b > .7 As in the previous figure the Higgs signal in the bb̄ invariant mass corresponds to three possible values for the mass of the Higgs boson, 80, 100 and 120GeV . The dotted line is the single parton scattering background, where the W bb̄ state is produced directly in a single partonic interaction. The dashed line is the expected background originated by double parton scattering process evaluated by estimating the bb̄ production cross section at O(α^3_S). The continuous line is the total expected background.

Fig.2 summarizes our result: also after using the more realistic cuts just described, the double parton scatterings process remains a rather substantial component of the background. The difference with the conventional estimate of the background is immediately evident comparing the total background estimate (continuous curve) with single scattering background (dotted curve).

III. CONCLUSIONS

In the present note we have discussed the background induced by double parton collisions to the detection of the Higgs in the W bb̄ channel. The large rate of production of bb̄ pairs expected at the LHC (the corresponding cross section is of order of 500μb) gives rise to a relatively large probability of production of a bb̄ pair in the process underlying the W production. As a consequence a very promising channel to detect the production of the Higgs boson, in the intermediate Higgs mass range, namely the final state with a bb̄ pair and with an isolated lepton, is affected by a sizable background due to double parton collision processes. Although the double parton collision cross section is a decreasing function of the invariant masses of the bb̄ pair, the relatively large value of the invariant mass required to the bb̄ pair to be assigned to the Higgs decay is not large enough, at LHC energies, to allow one to neglect the double parton scattering background.

It is rather obvious that the considerations above are not limited to the W bb̄ channel. Similar arguments can be repeated in several other cases. In addition to the obvious case of the Zbb̄ channel, a few examples where we expect that multiple parton scattering processes might give a non secondary effect are the following:

• W + jets, W b + jets and W bb̄ + jets, • tt̄ → llbb̄, • tb̄ → bb̄lν, • bb̄ + jets,

• production of many jets when p^{min}_t ≃ 25GeV

Although after the cuts the ratio signal to background is still a favorable number, the actual case discussed here shows that an evaluation of the background, without keeping into account the contribution of the double parton collision preocesses, may be rather unrealistic at the LHC and that, in some cases, the cuts to the final state considered so far are likely to be rediscussed.

Acknowledgments

We thank Stefano Moretti for many useful discussions and Giuseppe Ridolfi for the code to evaluate the bb̄ cross section at O(α^3_S). This work was partially supported by the Italian

Ministry of University and of Scientific and Technological Research by means of the Fondi per la Ricerca scientifica - Università di Trieste.

FIGURES

FIG. 1. Double parton scattering background to the Higgs boson production as a function of the bb̄ invariant mass compared to the expected Higgs signal for three possible values of the Higgs mass, 80, 100 and 120 GeV . The dashed line is the background at the lowest order in perturbation theory. The continuous line is the result for the double parton scattering background when computing the bb̄ cross section at order α^3_S [11]

FIG. 2. Backgrounds to Higgs production after the cuts (see main text). Dotted line: single scattering contribution to the W bb̄ channel. Dashed line: double parton scattering background. Continuous line: total estimated background.

REFERENCES

[1] J.F. Gunion, H.E. Haber, G.L. Kane and S. Dawson, “The Higgs Hunter Guide” (Addison-Wesley, Reading MA, 1990); Proceedings of the “Large Hadron Collider Workshop”, Aachen, 4-9 October 1990, eds. G. Jarlskog and D. Rein, Report CERN 90-10, ECFA 90-133, Geneva, 1990.

[2] Z. Kunszt, S. Moretti and W.J. Stirling, Z.Phys. C74 479 (1997).

[3] T.Stelzer and W.F.Long, Comp.Phys.Comm. 81 357 (1994).

[4] E.Murayama, I.Watanabe and K.Hagiwara, HELAS:HELicity Amplitude Subroutines for Feynman Diagram Evaluations, KEK report 91-11, January 1992.

[5] G.P.Lepage,Jou.Comp.Phys.27192 (1978).

[6] A.D.Martin, R.G.Roberts, W.J.Stirling and R.S.Thorne, hep-ph/9907231.

[7] J. Dai, J.F. Gunion and R. Vega, Phys. Rev. Lett. 71 2699 (1993); Solenoidal Detector Collaboration Technical Design Report, E.L. Berger et al., Report SDC-92-201, SSCL- SR-12; A. Stange, W. Marciano and S.S.D. Willenbrock, Phys.Rev. D49 1354 (1994); ibidem D50 4491 (1994); J.F. Gunion and T. Han, Phys. Rev. D51 1051 (1995); D. Froidevaux and E. Richter-Was, Z. Phys. C67 213 (1995); S. Moretti, hep-ph/9612310.

[8] P.V. Landshoff and J.C. Polkinghorne,Phys. Rev. D18 3344 (1978); Fujio Takagi Phys.

Rev. Lett. 43, 1296 (1979); C. Goebel, F. Halzen and D.M. Scott, Phys. Rev. D22, 2789 (1980); N. Paver and D. Treleani, Nuovo Cimento A70, 215 (1982); B. Humpert, Phys. Lett. B131, 461 (1983); M. Mekhfi, Phys. Rev. D32, 2371 (1985), ibid. D32, 2380 (1985); B. Humpert and R. Odorico, Phys. Lett. 154B, 211 (1985); T. Sjostrand and M. Van Zijl, Phys. Rev. D36, 2019 (1987); F. Halzen, P. Hoyer and W.J. Stirling Phys.Lett. 188B, 375 (1987); M. Mangano, Z. Phys. C42, 331 (1989); R.M. Godbole, Sourendu Gupta and J. Lindfors, Z. Phys. C47, 69 (1990); M. Drees and Tao Han, Phys. Rev. Lett. 77, 4142 (1996).

[9] F. Abe et al. (CDF Collaboration), Phys.Rev.Lett. 79 584 (1997); Phys. Rev. D56 3811 (1997).

[10] G. Calucci and D. Treleani, Phys. Rev. D57 (1998) p.503-511; ibid. D60 (1999) 054023.

[11] Mangano, Nason and Ridolfi, Nucl. Phys. B373 (1992) 295;