• 1 Electron channel

The analysis follows what has already been published [1][2] and is schematically described in the following.

The preselection requires events with a charged multiplicity ≥ 8 (except if the recoiling system from the electron candidate pair is made of two jets, each with a charged multiplicity lower than or equal to 3 and with a mass below 2 GeV), a total energy above 0.12 √ s and a pair (at least) of electron candidates above 10 GeV. In addition, in order to reduce the Bhabha contamination, events where one electron has energy above 65 GeV and is below 25^∘ to the beam axis or where both electrons are above 40 GeV and their acoplanarity below 3^∘ are rejected.

After this preselection step, progressive cuts are applied. First a “tight” electron selection is applied, that is at most one electron candidate is allowed in the insensitive calorimeter regions and the electron candidates must have opposite charge. The energy of the slower/faster electron is required to be above 15/20 GeV. Electron isolation angles with respect to the closest jet are required to be more than 20^∘ for the most isolated electron and more than 8^∘ for the other. Global kinematic fits [18] are performed, imposing energy and momentum conservation, and loosely constraining the invariant mass of the e^+e^− system to m_Z ; for details see [2]. As the search is restricted to high mass Higgs bosons produced in association with a Z particle, the sum of the masses of the electron pair and of the recoiling system as given by the kinematic fit is required to be above 150 GeV/c^2 and the difference in the range from -100 GeV/c^2 to 50 GeV/c^2. The fitted recoil mass and the global b-tagging variable x_b are used for the two-dimensional calculation of the confidence levels.

Table 1 shows the effect of the cuts on data, simulated background and signal events for the different cuts (including a final cut on x_b that is not used for the confidence levels calculations since x_b is one of the variables entering in the two-dimensional method). Data taken at different energies (and the corresponding simulations) at are shown separately. There is generally an excess of real data at preselection level. A significant fraction of this excess is associated to low charged multiplicities as shown in Figure 1. This means that a spill from leptonic events, produced by fake tracks, is not completely reproduced by the simulations. The remaining excess is not peaked in any observed variable. The next selection, i.e. the stronger requirement on the electron identification, rejects the spurious events and at that level the Monte Carlo expectations are in good agreement with the data. The general agreement between data and background simulation is illustrated at preselection level in Figure 2 and in Figure 3 for data at 196 and 200 GeV respectively. These show the distributions of the main analysis variables, namely, the electron energies, the fitted mass of the jet system, the probability of the kinematical fit, the electron isolation angle and the global event b-tagging variable x_b.

Table 2 shows the selection efficiency for different Higgs boson masses. Among the events selected in data, three have a high x_b value; their masses are respectively 92.8, 91.7 and 88.2 GeV/c^2, so well compatible with Z pair production.

Selection Data Total qq̄(γ) e^+e^−qq̄ other 4 fermion γγ background Electron channel at 192 GeV 25.9 pb^{−1} Preselection 202 205.6± 3.1 150.3 3.00 45.4 2.02 e^+e^−id. 48 45.3± 1.4 24.1 2.17 16.0 0.90 Electr.energy 28 17.0± 0.9 7.3 1.87 6.1 0.22 5C fit prob. 5 6.43±0.48 3.02 1.38 1.72 0.11 Electron isol. 1 2.41±0.27 0.50 1.26 0.44 0.00 Mass selection 0 1.58±0.14 0.30 1.03 0.25 0.00 B tagging 0 0.56±0.06 0.05 0.38 0.13 0.00 Electron channel at 196 GeV 76.9 pb^{−1} Preselection 627 552.6± 5.2 389.0 8.77 134.6 5.99 e^+e^−id. 145 129.2± 2.8 66.6 6.35 47.6 2.66 Electr.energy 59 49.0± 1.9 19.6 5.47 18.9 0.67 5C fit prob. 23 16.9± 0.9 6.98 4.03 5.02 0.33 Electron isol. 9 5.96±0.62 0.43 3.70 1.26 0.00 Mass selection 5 4.06±0.17 0.34 3.01 0.70 0.00 B tagging 2 1.40±0.07 0.00 1.11 0.30 0.00 Electron channel at 200 GeV 84.3 pb^{−1} Preselection 625 588.1± 4.8 405.7 9.50 151.5 6.70 e^+e^−id. 122 140.6± 2.7 70.5 6.92 53.8 2.98 Electr.energy 58 53.5± 1.9 20.1 6.06 22.1 0.74 5C fit prob. 16 18.9±0.88 7.50 4.54 5.85 0.37 Electron isol. 7 7.24±0.65 1.08 4.18 1.36 0.00 Mass selection 4 4.83±0.18 0.66 3.43 0.74 0.00 B tagging 1 1.78±0.10 0.16 1.32 0.30 0.00 Electron channel at 202 GeV 41.1 pb^{−1} Preselection 322 278.9± 2.8 189.6 4.61 74.1 3.27 e^+e^−id. 71 68.1± 1.6 33.7 3.34 26.6 1.45 Electr.energy 32 27.2± 1.1 10.6 2.92 11.2 0.36 5C fit prob. 7 9.08± 0.5 3.62 2.24 2.69 0.18 Electron isol. 3 3.74±0.34 0.55 2.06 0.83 0.00 Mass selection 1 2.52±0.12 0.33 1.72 0.47 0.00 B tagging 0 1.04±0.07 0.16 0.66 0.22 0.00

Table 1: Effect of the selection cuts on data and simulated background.

Selection mH = 85 GeV 90 GeV 95 GeV 100 GeV 105 GeV 110 GeV 115 GeV Electron channel efficiency at 192 GeV Presel. 0.807�0.009 0.804�0.009 0.804�0.009 0.790�0.009 0.818�0.009 - -

e+e�id. 0.693�0.010 0.683�0.010 0.693�0.010 0.685�0.010 0.710�0.010 - -

El.ene. 0.672�0.011 0.663�0.011 0.668�0.011 0.656�0.011 0.676�0.010 - - Fit prob. 0.641�0.011 0.626�0.011 0.621�0.011 0.621�0.011 0.631�0.011 - - El.isol. 0.613�0.011 0.604�0.011 0.594�0.011 0.578�0.011 0.604�0.011 - - Mass sel. 0.601�0.011 0.594�0.011 0.587�0.011 0.571�0.011 0.587�0.011 - - B tag 0.530�0.011 0.519�0.011 0.511�0.011 0.498�0.011 0.516�0.011 - -

Electron channel efficiency at 196 GeV Presel. 0.824�0.009 0.806�0.009 0.818�0.009 0.824�0.007 0.795�0.009 - -

e+e�id. 0.718�0.010 0.688�0.010 0.717�0.010 0.712�0.008 0.691�0.010 - -

El.ene. 0.692�0.010 0.665�0.011 0.694�0.010 0.690�0.008 0.660�0.011 - - Fit prob. 0.649�0.011 0.630�0.011 0.641�0.011 0.650�0.009 0.618�0.011 - - El.isol. 0.626�0.011 0.597�0.011 0.614�0.011 0.614�0.009 0.589�0.011 - - Mass sel. 0.620�0.011 0.595�0.011 0.610�0.011 0.609�0.009 0.584�0.011 - - B tag 0.550�0.011 0.529�0.011 0.533�0.011 0.536�0.009 0.508�0.011 - -

Electron channel efficiency at 200 GeV Presel. 0.793�0.013 0.796�0.009 0.814�0.009 0.811�0.009 0.794�0.007 0.811�0.009 0.807�0.009

e+e�id. 0.668�0.015 0.695�0.010 0.707�0.010 0.691�0.010 0.684�0.008 0.691�0.010 0.687�0.010

El.ene. 0.644�0.015 0.677�0.010 0.686�0.010 0.671�0.011 0.655�0.009 0.660�0.011 0.647�0.011 Fit prob. 0.608�0.015 0.636�0.011 0.643�0.011 0.631�0.011 0.611�0.009 0.612�0.011 0.590�0.011 El.isol. 0.578�0.016 0.614�0.011 0.616�0.011 0.601�0.011 0.575�0.009 0.577�0.011 0.558�0.011 Mass sel. 0.569�0.016 0.610�0.011 0.612�0.011 0.598�0.011 0.573�0.009 0.572�0.011 0.550�0.011 B tag 0.494�0.016 0.531�0.011 0.533�0.011 0.517�0.011 0.493�0.009 0.487�0.011 0.476�0.011

Electron channel efficiency at 202 GeV Presel. 0.811�0.009 0.820�0.009 0.816�0.009 0.831�0.008 0.807�0.007 0.796�0.009 0.841�0.008

e+e�id. 0.714�0.010 0.707�0.010 0.710�0.010 0.725�0.010 0.697�0.008 0.693�0.010 0.729�0.010

El.ene. 0.697�0.010 0.687�0.010 0.690�0.010 0.700�0.010 0.673�0.009 0.664�0.011 0.695�0.010 Fit prob. 0.652�0.011 0.646�0.011 0.649�0.011 0.660�0.011 0.626�0.009 0.624�0.011 0.630�0.011 El.isol. 0.630�0.011 0.622�0.011 0.619�0.011 0.628�0.011 0.594�0.009 0.589�0.011 0.601�0.011 Mass sel. 0.627�0.011 0.616�0.011 0.616�0.011 0.625�0.011 0.592�0.009 0.586�0.011 0.592�0.011 B tag 0.568�0.011 0.534�0.011 0.553�0.011 0.546�0.011 0.511�0.009 0.503�0.011 0.513�0.011

Table 2: Effect of the selection cuts on the signal efficiency for the different energies and masses.

References

[1] DELPHI Collaboration, P. Abreu et al., E. Phys. J.C10 (1999) 563. [2] DELPHI Collaboration, P. Abreu et al., in preparation. [3] LEP Higgs working group report, CERN-EP 99-060, April 1999. [4] DELPHI Collaboration, P. Aarnio et al., Nucl. Instr. Meth. 303 (1991) 233. [5] T. Sjöstrand, Comp. Phys. Comm. 39 (1986) 347.

[6] S. Jadach, B.F.L. Ward, Z. Was, Comp. Phys. Comm. 79 (1994) 503. [7] F.A. Berends, R. Pittau and R. Kleiss. Comp. Phys. Comm. 85 (1995) 437. [8] S. Nova, A. Olchevski and T. Todorov, in CERN Report 96-01, Vol. 2, p. 224 (1996). [9] F.A. Berends, P.H. Daverveldt and R. Kleiss, Nucl. Phys. B253 (1985) 421;

Comp. Phys. Comm. 40 (1986) 271, 285 and 309.

[10] F.A. Berends, R. Kleiss, W. Hollik, Nucl. Phys. B304 (1988) 712. [11] P. Janot, in CERN Report 96-01, Vol. 2, p. 309 (1996).

[12] DELPHI Collaboration, P. Abreu et al., Nucl. Instr. Meth. A378 (1996) 57. [13] G. Borisov, Nucl. Instr. Meth. A417 (1998) 384.

[14] M. Boonekamp, b-tagging with high p_t leptons, DELPHI note 98-54 PHYS 779 [15] G. Borisov, C. Mariotti, Performance of b-tagging in DELPHI at LEP2, DAP- NIA/Spp Report 97-06 and INFN/ISS Report 97-03.

[16] DELPHI Collaboration, P. Abreu et al., Eur. Phys. J. C2 (1998) 1. [17] LEPHF/98-01, ALEPH note 98-062 PHYSIC 98-027, DELPHI 98-118 PHYS 789, L3 Note 2320, OPAL Technical Note TN557.

[18] DELPHI Collaboration, P. Abreu et al., Eur. Phys. J. C2 (1998) 581 (see Sect. 5.2.) [19] P. Abreu, D. Fassouliotis, A. Grefrath, R.P. Henriques and L. Vitale, SPRIME, A Package for estimating the Effective √ s^′ Centre of Mass Energy in qq̄(γ)Events, DELPHI note 96-124 PHYS 632 (1996), unpublished.

[20] A.L. Read, Optimal statistical analysis of search results based on the likelihood ratio and its application to the search for the MSM Higgs boson at 161 and 172 GeV, DELPHI note 97-158 PHYS 737.

[21] T. Sjöstrand, Comp. Phys. Comm. 28 (1983) 227.

[22] E. Gross, B.A. Kniehl, G. Wolf, Zeit. Phys. C63 (1994) 417; err. ibid. C66 (1995) 32. [23] A. Djouadi, M. Spira and P.M. Zerwas, Zeit. Phys. C70 (1996) 427.

A. Djouadi, J. Kalinowski and P.M. Zerwas, DESY Report 95-211. [24] DELPHI Collaboration, P. Abreu et al., Zeit. Phys. C73 (1996) 1. [25] M. Carena, M. Quiros and C. Wagner, Nucl. Phys. B461 (1996) 405. [26] S. Heinemeyer, W. Hollik and G. Weiglein, DESY 99-120 or hep-ph/99-060. [27] M. Carena, S. Heinemeyer, C.E.M. Wagner and G. Weiglein, CERN-TH/99-374. [28] P. Janot, HZHA version 3.0, release of end December 1999, http://alephwww.cern.ch/ janot/Generators.html.

[29] DELPHI Collaboration, P. Abreu et al., Zeit. Phys. C67 (1995) 69-79 [30] Electroweak Baryogenesis and Higgs Physics, M. Carena and C.E.M. Wagner, hepph/9704347, April 1997.

[31] LEP limits on CP-Violating Non-Minimal Higgs Sectors,

J.F.Gunion, B.Grzadkowski, H.E.Haber and J.Kalinowski, UCD-97-11, April 1997. [32] Interpretation of the search for Neutral Higgs Bosons in two–Doublet Models, DEL- PHI Collaboration, 98-117 Vancouver 1998.

[33] L3 Collaboration, CERN-EP/99-080 (only SM Higgs), Subm. to Phys. Lett. B [34] OPAL Collaboration, CERN-EP/99-096, Subm. to E. Phys. J. C

Figure 1: Charged multiplicity distributions for data and simulations at the different energies.

Figure 2: Distributions of some analysis variables, as described in the text, at 196 GeV.

Figure 3: Distributions of some analysis variables, as described in the text, at 200 GeV.