Two-photon mechanism production of the Higgs boson, SUSY particles, hadrons and lepton pairs in eA Collisions at HERA

Maria Krawczyk^a and B.B. Levtchenko^b

a Institute of Theoretical Physics, University of Warsaw, 00 681 Warsaw, Poland b Institute of Nuclear Physics, Moscow State University, 119899 Moscow, Russia

Abstract: We present prospects for the study of a light neutral Higgs boson, SUSYparticle, hadrons and leptons production in the two-photon coherent eA collisions.

1 Introduction

Particle production in the two-photon processes in lepton-lepton, hadron-hadron and nucleusnucleus collisions has been already discussed in the literature [1]-[5]. One of the goals of the present analysis is to study the discovery potential of electron-nucleus collisions at HERA in the case of coherent electromagnetic particle production. Preliminary results were presented in [6].

Requirement of coherency implies that the collision is quasi-elastic, the impact parameter b is larger than the nuclear radius and the nuclear charge acts as a whole. For such collisions the hadronic background from γ^∗q and γ^∗g (direct and resolved) subprocesses will be absent offering a better experimental environment for studying new particle production.

Due to the large charge Z of heavy ion and the strong contraction of the electromagnetic fields in a high-energy collision we expect in such an electron-nucleus interaction a large particle production rate by the two-photon fusion mechanism. It turns out that the cross sections, which is scaled with Z^2, are comparable or even large than the total cross sections expected in e^+e^− , ep and pp collisions of the same incident energy per particle.

An important characteristic of eA collider is its discovery range: how heavy produced particles can be and how large will be production cross sections for them. In the equivalent photon approximation the invariant mass squared of the two-photon system, denoted by W^2, is fixed by the photon energies ω_e and ω_A. As it well known [4], [5] that the time duration of the electromagnetic pulse, produced by a charge moving with a relativistic γ factor, corresponds to field frequencies of ω ≤ γ/b. In the case of a heavy-ion beam the largest photon energy is ω_A ≃ γ_A/R_A although for photons emerged from an electron beam the photon energy can be close to the electron energy ω_e ≤ E_e. Thus the discovery range of the eA HERA collider for coherent processes extends to masses:

W ≈ (4ω_eω_A)^{1/2} ≤ _{4 Ee Ep} m_pR_A !_{1/2}

. (1)

This means the invariant mass values accessible at HERA energies are up to 86 GeV, 71 GeV and 54 GeV for eC, eCa and eP b collisions, respectively.

The paper is organized as follows: In the next section we compare the discovery ranges of eA (HERA), e^+e^− (LEP2) and ep (HERA) colliders using the two-photon luminosity function . In Sect.3, we evaluate cross sections for coherent production of lepton and slepton pairs (e^+e^−, μ^+μ^−, τ^+τ^−, l̃^+l̃^−), charged pion pair, pseudoscalar (J^C = 0^+) resonances and 2HDM light Higgs boson. Conclusion is given in the last section.

2 Two-photon luminosity function

The equivalent photon approximation [1], [2], [7] allows to express the cross section for the production of a final state with the effective mass W in two photon collision as a product: dσ_{eA} = σ_{γγ} · dL_{γγ} dW dW, (2) where the cross section σ_{γγ} describes the γγ → f transition for real non-polarized photon and a differential two-photon luminosity function (TPL) dL_{γγ} /dW is introduced^1. Results presented here were obtained with use a particular form of dL_{γγ} /dW [6] derived for untagged scattered electron and nucleus dL_{γγ} dW = 2Z^2_A α^2 π f(t^∗) W ln _{seA} 4m^2_e ! , f(t^∗) = (ln t^∗ + √ 3 2 )^2 + (t^∗ − 4)^2 − 3 (3)

with t^∗ =^{RAW 2}_{2γA}√_{seA} . Eq. (3) is valid in the leading logarithm approximation.

Figure 1: Spectra of the two-photon luminosity function for e^+e^− (LEP, 200 GeV), ep(HERA, 300 GeV), and eA (HERA, 300A GeV) colliders.

In Fig. 1 shown the dependence of TPL on the two-photon invariant mass for different colliding beams. The TPL function for e^+e^− (LEP2 ) was calculated with using Eq.(6) of ref. [7], as for the ep collision (HERA) the elastic part of the photon spectra from the proton was taken from [8]. Because of the used approximation the range of allowed W values in (3) is narrow (see Fig.1) as compared to (1) and defined by the condition f(t^∗) ≥ 0.

The advantage of eA collisions over e^+e^− and ep collisions lies in the Z^2 factor, which enchances the photon flux up to a factor 10^4. This allow, in the range of W below 40 GeV, the study of ’new phenomena’ at HERA with large statistics.

3 Particle production processes

In this section we present a few examples of particle production in eA collisions through the twophoton mechanism. Processes with production of the ’old’ particles (light hadrons and leptons) will create a background at search of ’new’ particles (like Higgs bosons and sleptons). Cross sections presented here were calculated at E_e = 27 GeV and E_A = E_pA with E_p = 820 GeV. 1L γγ is a dimensionless quantity. To get the production rate Eq. (2) have to be multiplied by the machine luminosity L_{eA} [cm�^2sec�^1]. For ion beams L_{eA} ¸ A�^1L_{ep}.

Figure 2: Differential cross section for production of C-event pseudoscalar hadrons (a) and a π^+π^− pair (b) as a function of W and a nucleus size.

Resonances and pions

A region of the low mass in the two-photon system is the resonance region. C-even pseudoscalar hadrons - π^0, η, η^0 , η_c, χ_{c0} - will be produced copiously at W < 4 GeV. Their production cross section σ_{γγ} is well known [1]. Therefore, Eqs. (2) and (3) allows easily to evaluate dependence of the production rate on W . Fig. 2a shows a resonance structure of the differential cross section (2) in that region. As another example the cross section (2) for pair production of charged pions is plotted in Fig. 2b. What can be measured in the above processes and how is discussed in details in [1]. We note here only, that the study of the angular and energy correlations between pions allows, in principle, to extract components of the amplitude M_{ab} (a, b = +, −, 0) for the γγ → f transition.

Lepton pairs

The Bethe-Heitler process is a source of lepton pairs with extremely high yield (Fig. 3). Copious production of τ -leptons provide an opportunity to study QCD in τ decay [9]. However it will also to complicate the Higgs boson search in lepton decay modes because the main background above the τ threshold is due to γ^∗γ^∗ → τ^+τ^− (see below and Fig. 4c). How to suppress the Bethe-Heitler background is discussed in [10] (see also [14]).

SUSY particles

Non-strongly interacting sypersymmetric particles - sleptons and charginos- can be detected at the eA collider discussed here if their masses lies in the range M_{sl} < 30 GeV. Chargino couple to photons in the standard way of spin 1/2 fermions and sleptons are spin-zero particles. The two-photon cross section for production a pair of them can be found in [11], [1]. σ(γγ → l̃^+l̃^−) is not logarithmically enhanced thus the production rate for sleptons is significantly lower than the chargino rate. As an example , the total cross section for slepton production versus the mass of the produced particle is shown Fig. 4a. At an integrated luminosity of 10^3/A pb^{−1} only sleptons

Figure 3: Same as Fig. 2 for production of BH leptons in coherent eA collisions.

with masses not heavier 29 GeV, 25 GeV and 20 GeV can be detected in eC, eCa, eP b collisions respectively.

Light neutral Higgs boson

The current mass limits on the Higgs particles from LEP data [12] restrict a class of models of spontaneous symmetry breaking available for analysis at HERA. The SM Higgs scalar and the MSSM scalar and pseudoscalar Higgs particles should be heavier than 66 GeV and 45 GeV, respectively. Minimal extension of the standard model like the general two doublet model (2HDM) [13] may yet have a very light (∼< 40 GeV) scalar h or pseudoscalar A[12, 14, 15]. The model parameters tanβ and α regulate coupling of Higgs particle to the ”up” and ”down” components of fermion doublets. We further restrict ourselves to the scenario with a large tanβ ∼^{mt}_{mb} ≫ 1

Figure 4: Cross sections for slepton (a) and 2HDM light Higgs boson (b) production through two-photon fusion. The cross sections are plotted versus the mass of the produced particle. Also shown (c) the partial decay widths for h for tan β = 30 (α = β).

and α = β. This leads to the enhancement of the coupling to down-type fermions by factor tanβ^2 for both h and A. We focus here on the resonant production of very light Higgs scalar h in the two-photon eA collisions^2.

The cross sections for the production of the h decaying into leptons versus the Higgs boson mass are presented in Fig. 4b. A specific structure of the curves is due to the variation of the h branchings (Fig.4c) with increasing the mass. Fig. 4b shows that at an integrated luminosity of 10/A pb^{−1} there is a chance to observe the Higgs boson at HERA for M_h ∼< 5 GeV, 8 GeV, 10 GeV in eC, eCa and eP b collisions respectively. However, at L_{eA} ∼ 1/A pb^{−1} only ions with A ∼ 200 produce sufficient photon flux for h production with mass ∼ 2M_τ .

4 Conclusion

Analysis of the last section shows that in the two-photon coherent eA collisions a number of the traditional processes (with hadron and lepton production) can be studied at HERA with high statistics. However, at L_{eA} ∼ 1/A pb^{−1} only the restricted mass range M~_l < 13 GeV can be explored in processes with SUSY particle production [6].

The general two Higgs doublet model provide a chance to study the Higgs production at HERA, since in framework of 2HDM light neutral Higgs particle is not rule out by present data. Therefore the search for the Higgs in the two-photon coherent eA interactions should be performed. Taking into account all results presented above it seems at an intergated luminosity ∼ 10/A pb^{−1} and higher beams of light-to-medium size ions (A ∼ 40) will produce photon flux sufficient for study new phenomena in eA collisions at HERA .

Acknowledgment. We are grateful to W. Krasny for stimulating discussions and help.

References

[1] V.M. Budnev, I.F. Ginzburg, G.V. Meledin, V.G. Serbo, Phys. Rep. C15 (1975) 181 [2] P. Kessler, Acta Phys. Austriaca, 41 (1975) 141 [3] J.H. Field, in Lecture Notes in Physics: Photon Photon Collisions, v. 191 (1983) 270 [4] G. Baur, C.A. Bertulani, Phys. Rep. C163 (1988) 299 [5] E. Papageorgiu, Nucl. Phys. A498 (1989) 593c; Phys. Rev. D40 (1989) 92 [6] B.B. Levtchenko, Preprint INP 96-71; hep-ph/9608295 [7] J.H. Field, Nucl. Phys. B168 (1980) 477 [8] N. Arteaga-Romero, C. Carimalo, P. Kessler, Z. Phys. C52 (1991) 289 [9] G. Altarelli, QCD at Colliders, Preprint CERN-TH-95/196

Proceedings of tau ’94, Nucl. Phys. B(Proc.Suppl.) (1995) 1 [10] P.J. Bussey, B. Levtchenko, A. Shumilin, These Proceedings [11] J. Ohnemus, T.F. Walsh, P.M. Zerwas, Preprint DESY 93-173, hep-ph/9402302 [12] P. Maettig, talk at ICHEP’96 [13] J.F. Gunion, H.E. Haber, G. Kane, S. Dawson, The Higgs Hunter’s Guide, Addison-Wesley, Reading 1990 [14] A.C.Bawa, M. Krawczyk ,Phys.Lett. B 357 (1995)637; M. Krawczyk, talk at Moriond’96;

M. Krawczyk contr. to this proceedings [15] J. Kalinowski, M. Krawczyk, Phys. Lett. B361 (1995) 66; Acta phys. Polon. B 27 (1996) 961 [16] D. Choudhury, M. Krawczyk, NLC Workshop, Hamburg, 30 August-1 September 1995;

MPI-PTh/96-46, IFT-96/13(hep-ph/9607271), submitted to Phys.Lett.B

2A light neutral Higgs particle production at the low energy γγ collider was discussed in [16] and in the gluon-gluon fusion at the ep HERA collider in [14].