Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11

LEPTOQUARKS SEARCHES AT HERA∗

Jolanta Sztuk

On behalf of the H1 and ZEUS Collaboration

Institute of Physics, University of Łódź Pomorska 149/153, 90-236 Łódź, Poland

(Received July 1, 2002)

Results from the leptoquark searches at HERA using the reaction e^±p → e^±(ν)X, are reported. The data was collected by the H1 and ZEUS experiments from 1994 to 2000, at c.m. energies of 300 and 318 GeV and correspond to a total integrated luminosity ∼ 120 pb^{−1} for each experiment. No signal was seen and limits were set on leptoquark Yukawa couplings for leptoquark masses both above and below √ s. The results are compared to those obtained in direct and indirect searches at other colliders.

PACS numbers: 14.80.–j

1. Introduction

The ep collider HERA is an unique place to search for new particles coupling to a lepton–quark pair. Such particles, called leptoquarks (LQ), appear in many extensions of the Standard Model (SM). They carry both colour and a fractional electric charge as well as a lepton and baryon number. The general classification of leptoquark states proposed by Buchmüller, Rückl and Wyler (BRW) [1] is used. There are 7 scalar and 7 vector leptoquarks states. All of them can couple to an eq pair and can contribute to NC DIS events. In addition 4 states couple to both eq and νq and so can contribute to CC DIS.

This note reviews results for the leptoquarks searches at HERA based on the data collected by H1 and ZEUS from 1994 to 2000.

∗ Presented at the X International Workshop on Deep Inelastic Scattering (DIS2002) Cracow, Poland, 30 April–4 May, 2002.

(3893)

2. Leptoquark production

At HERA, LQ may be produced directly from s-channel e^±–quark fusion with subsequent decay into e^±–quark, or ν(ν̄)–quark yielding peaks in the lepton-jet invariant mass spectrum for the e^±p → e^±(ν)X reactions. LQ may also be exchanged in the u-channel, which effects the high Q^2 cross section for NC (CC) DIS, mainly due to the interference with the SM t-channel exchange of Z^0/γ (W^±). The diagrams are shown in Fig. 1. Resonant LQ

Fig. 1. Processes with eν -jet final states in e^±p collisions. A scalar (S) or vector (V) intermediate state can contribute to such final states via (a) s-channel or (b) u-channel exchange. DIS processes (c) form the primary background to these processes.

production for masses up to √ s dominates the cross section if the LQ is produced from a valence quark (production of F = 2 leptoquarks in e^−p scattering and F = 0 in the e^+p case). In the narrow-width approximation, which is valid for small Yukawa coupling λ, the LQ production cross section is given by [1]:

σ^{NWA} = (J + 1) π 4s λ^2q(x_0, μ) , (1)

where J represents the spin of the LQ, q(x_0, μ) is the quark density evaluated at x_0 = m^2_{LQ}/s and with the scale set to μ = m^2_{LQ}.

The u-channel exchange and interference terms become important for large leptoquark masses, m_{LQ} > √ s, and result in deviation of high-x NC and CC DIS cross section from the SM predictions. Either, increase or decrease of the cross section is possible, depending on the sign of the interference term.

3. Event reconstruction

Assuming no QED or QCD radiation, the invariant mass M of the scattered lepton–quark pair and the scattering angle in the lepton–quark centerof-mass system θ^⋆ can be calculated from the kinematics of DIS events, as:

M^2 =

Q^2_e y_e , y_e = 0.5 (1 − cos θ^⋆) , (2)

where, the kinematic variables are obtained using the electron information. This method is used by H1 [2]. In the ZEUS analysis the invariant mass is calculated from the measured four-momenta of the outgoing lepton and of the hadronic final state [3]. In case of CC DIS events, the energy and angle of the scattered ν is reconstructed assuming energy-momentum conservation [4]. The mass distributions for NC and CC DIS events measured by H1 and ZEUS, respectively, are shown in Fig. 2. The more details has been reported in [5, 6] The data are in good agreement with the Standard Model predictions.

(a) (b)

Fig. 2. (a) — the e-jet mass distribution for the data (points) and SM expectation (histograms) for H1. (b) — the ν-jet mass distribution for the data (points) and SM expectation (histograms) and the ratio of the number of events observed to the number expected, N^{obs}/N^{exp} for ZEUS.

4. Results

Since there is no evidence for a resonant production, or cross section deviations at high masses, limits on LQ couplings were derived for different BRW LQs. Both collaborations extract the limits on the Yukawa coupling λ as a function of the LQ mass using the two-dimensional distribution in the plane M_{LQ} − cos θ^⋆ of the NC and CC events. The limit setting procedure has been described in [5, 6].

Fig. 3 shows for a scalar and vector LQ species with fermion number F = 0, the 95% CL exclusion limits in the mass-coupling plane as obtained by H1 and ZEUS. The areas above the curves are excluded.

Fig. 3. Coupling limit as a function of LQs mass for F = 0 BRW LQ. The limits on scalar LQs are shown in the upper plot while the limits on vector LQs in the lower one.

Fig. 4 compares the H1 and ZEUS results for two selected scalar leptoquarks (S^L_0 and S^R_{1/2}), with limits from other experiments. The coupling independent limits come from pp̄ collision at the Tevatron [8], where leptoquark pairs can be produced via the standard gauge couplings (pp̄ → LQL̄QX). The S^L_0 (S^R_{1/2}) scalar leptoquarks with masses 213 (245) GeV are excluded at 95% confidence level. Indirect limits on leptoquarks from LEP [7] have been obtained by t-channel and u-channel contribution to quark-pair production (e^+e^− → qq̄). The leptoquark limits at HERA are complementary to Tevatron limits and better than LEP limits.

Fig. 4. Comparison of excluded regions in the mass-coupling plane for the S^L_0 and S^R_{1/2} leptoquarks from HERA, Tevatron and LEP. Constraints on LQs with masses above √ s obtained from H1 Contact Interaction analysis, are shown as a dashed line in the rightmost part of each plot.

5. Conclusion

Results for the leptoquark searches at HERA, with the ZEUS and H1 experiment, from the reaction e^± → e^±(ν)X, are reported. The data correspond to a total integrated luminosity ∼ 120 pb^{−1} for each experiment. No evidence for a signal was found. Limits were set on leptoquark Yukawa couplings for leptoquark masses below and above √ s. The results are compared to those obtained in direct and indirect searches at other colliders.

None of the research reported here would have been possible without the dedicated efforts of the HERA crew, and of all those who contributed to design, construction, maintenance and operation of the detectors. I would like to thank my colleagues of the working groups for particle searches in H1 and ZEUS.

REFERENCES

[1] W. Buchmüller, R. Rückl, D. Wyler, Phys. Lett. B191, 442 (1987); Erratum Phys. Lett. B448, 320 (1999).

[2] C. Adloff et al. (H1 Collaboration), Eur. Phys. J. C11, 477 (1999). [3] J. Breitweg et al. (ZEUS Collaboration), Eur. Phys. J. C16, 253 (2000). [4] J. Breitweg et al. (ZEUS Collaboration), Phys. Rev. D63, 052002 (2001). [5] T. Junk, Nucl. Instrum. Methods Phys. Res. A434, 435 (1999). [6] ZEUS Collaboration, EPS2001 Contribution Paper 600. [7] G. Abbiendi et al. (OPAL Collaboration), Eur. Phys. J. C6, 1 (1999). [8] CDF and D0 Collaboration, hep-ex/9810015.