arXiv:hep-ph/0101263 23 Jan 2001

PM/01–04 hep-ph/0101263

Production of MSSM Higgs Bosons at Future flfl Colliders

M.M. Mühlleitner

Laboratoire de Physique Mathématique et Théorique, UMR5825–CNRS, Université de Montpellier II, F–34095 Montpellier Cedex 5, France

Abstract. Future γγ colliders allow the production of the heavy neutral MSSM Higgs bosons H and A as single resonances. The prospects of finding these particles in the bb̄ and the neutralino-pair final states have been analysed. The H, A bosons can be discovered for medium values of tan β with masses up to 70–80% of the initial e�e� c.m. energy. This production mode thus covers parts of the supersymmetric parameter space that are not accessible at other colliders.

1. The discovery of Higgs bosons [1] is the experimentum crucis of the electroweak sector of the Standard Model and its supersymmetric extensions. The minimal supersymmetric model (MSSM) includes five physical Higgs states [2], two neutral CP-even (h, H), a CP-odd (A) and two charged (H�) scalars. The light scalar Higgs boson h with a theoretical upper mass bound of about 130 GeV [3] can be found at existing and future pp̄/pp and e^+e� colliders. Apart from a small region in the supersymmetric parameter space, the heavy states H, A, however, might escape discovery at the LHC for moderate values of tan β and masses beyond ∼ 200 GeV [4]. At 500 GeV e^+e� linear colliders, where heavy MSSM Higgs bosons are produced in the associated channel [5], e^+e� → HA, they can be discovered only for masses below ∼ 250 GeV.

Photons produced by Compton scattering off the incoming e�e� beams can reach c.m. energies of 70–80% of the initial collider energies and high degrees of polarization [6]. By resonant production of the neutral Higgs bosons [7], γγ → h, H, A, future γγ colliders extend the Higgs discovery to higher mass regions. With integrated annual luminosities of 300 fb�^1 [8], sufficiently high signal rates can be achieved so that photon colliders provide a powerful instrument for the search of Higgs bosons in regions of the parameter space not accessible elsewhere [9].

2. We have analysed the H and A production in their most promising decay channels, H, A → bb̄ and χ̃_0χ̃_0 [9]. Fig. 1 shows the branching ratios of H, A [10–12] for tan β = 7 and M_{H,A} > 200 GeV, a parameter region not covered by LHC discovery modes. The higgsino and gaugino MSSM parameters have been set μ = M_2 = 200 GeV with a universal gaugino mass at the GUT scale. Squarks and sleptons are assumed to be so heavy that they do not affect the results significantly.

FIGURE 1. Branching ratios of the heavy Higgs bosons H, A as a function of the corresponding Higgs mass. χ̃χ̃ represents the sum of all supersymmetric particles except the LSP pair. The gaugino and neutralino masses are m_~Ø�_{1;2} = 141, 270 GeV, m_~Ø0_{1;2;3;4} = 85, 148, 208, 271 GeV.

Due to the enhancement of the MSSM Higgs boson couplings to bb̄ at large tan β, the bb̄ decay is sizeable and dominates for moderate masses. Beyond the corresponding thresholds, the decays into neutralino and chargino pairs become the most important channels. The branching ratios into τ^+τ � and into tt̄ pairs are of O(10%) or less.

3. bb̄ Channel. Fig. 2a shows the result for γγ → bb̄ and polarized e�e� and photon beams. Assuming that evidence for a Higgs boson has been found in a preliminary rough scan of the γγ energy, we choose the maximum of the γγ luminosity spectrum to lie at the mass M_A. This maximum for equal photon helicities is at 70–80% of the e�e� c.m. energy [6,13]. A cut Δ = ±3 GeV [14] of the photon spectrum around √s_{γγ} = M_A accounts for the limited energy resolution in the final state. The NLO QCD corrections to the signal [11,15], background [16] and interference term [9] are included. In order to increase the significance of the signal, the final states have been restricted to the two-jet configurations [for details, see Ref. [9]]. Higher order corrections that become important in the two-jet final states have been taken into account by (non-)Sudakov form factors [17]. A cut in the production angle θ of the b-quarks leads to a further enhancement of the significance of the signal.

As can be inferred from Fig. 2a, heavy Higgs bosons can be discovered up to about 70–80% of √ s_{ee}. Thus, at a 500 GeV collider, scalars with masses up to ∼ 400 GeV can be found, while above a c.m. energy of 800 GeV the mass reach can be extended to about 600 GeV before the signal becomes too small for detection.

Due to the finite experimental energy resolution both resonances H and A are included in the signal peak [M_H − M_A ∼ 1 GeV]. Fig. 2b shows that at least in parts of the supersymmetric parameter space the two resonances can be separated by performing a fine scan of the resonance region with Δ = ±2 GeV.

FIGURE 2. (a) Cross sections for the resonant H, A production in γγ fusion as a function of MA with final decays into bb̄, and the corresponding background cross section. The SUSY parameters are chosen tan β = 7, M_2 = �μ = 200 GeV. For comparison the signal cross section in the case of vanishing SUSY-particle contributions is also shown. (b) Threshold scans for H, A production as a function of the e�e� c.m. energy for bb̄ final states.

4. χ̃_0χ̃_0 Channels. The significant branching ratios into SUSY particles, cf. Figs. 1, lead to quite sizeable signal cross sections for chargino and neutralino pair final states, as can be inferred from Fig. 3. Because of the integer chargino charge the background cross section, however, is an order of magnitude larger. At leading order neutralino pair production is not possible in γγ collisions so that this channel provides an additional mode for the H, A discovery [9,18]. Below the chargino threshold this is evident. As soon as the chargino channel opens, the different topologies of neutralino and chargino cascade decays have to be exploited in order to separate the neutralino signal from the background charginos.

FIGURE 3. Same as Fig. 2a, but for chargino and neutralino final states.

5. In summary. The neutral heavy Higgs bosons of the MSSM, H, A, can be discovered for medium values of tan β at future γγ colliders with masses up to 400 GeV at a c.m. energy of 500 GeV of the initial e�e� beams. At a TeV collider the mass reach can be extended beyond 600 GeV. The Higgs discovery via γγ fusion thus enters parameter regions neither accessible in the respective e�e� mode of linear colliders nor at the LHC.

Acknowledgements. I am grateful to my collaborators M. Krämer, M. Spira and P.M. Zerwas for fruitful discussions. I thank the organizers of the Linear Collider Workshop at Fermilab Oct 2000 for the stimulating atmosphere. This work is supported by the European Union under contract HPRN-CT-2000-00149.

REFERENCES

1. P.W. Higgs, Phys. Lett. 12 (1964) 132; F. Englert and R. Brout, Phys. Rev. Lett.

13 (1964) 321; G.S. Guralnik et al., Phys. Rev. Lett. 13 (1964) 585. 2. J.F. Gunion and H.E. Haber, Nucl. Phys. B272 (1986) 1 and B278 (1986) 449. 3. M. Carena et al., Nucl. Phys. B580 (2000) 29, and references therein. 4. ATLAS Coll., Technical Design Report, CERN–LHCC 99–14 (May 1999); CMS Coll., Technical Proposal, CERN–LHCC 94–38 (Dec. 1994).

5. E. Accomando et al., Phys. Rep. 299 (1998) 1; P.M. Zerwas, Proc., 1999 Cargèse Lectures, hep-ph/0003221; A. Djouadi, Int. J. Mod. Phys. A10 (1995) 1.

6. I.F. Ginzburg et al., Nucl. Inst. Meth. 219 (1984) 5.

7. D.L. Borden et al., Phys. Rev. D48 (1993) 4018; J.F. Gunion and H.E. Haber, Phys. Rev. D48 (1993) 5109; M. Krämer et al., Z. Phys. C64 (1994) 21; G. Jikia and S. Söldner-Rembold, Nucl. Phys. Proc. Suppl. 82 (2000) 373; E. Asakawa et al., Eur. Phys. J. C14 (2000) 335; J. Illana, hep-ph/9912467; G.J. Gounaris et al., hep-ph/0010006; K. Hagiwara, hep-ph/0011360.

8. V. Telnov, hep-ex/0010033.

9. M.M. Mühlleitner, PhD thesis, DESY-THESIS-2000-033, hep-ph/0008127;

M.M. Mühlleitner, M. Krämer, M. Spira and P.M. Zerwas, hep-ph/0101083. 10. A. Djouadi, J. Kalinowski and P.M. Zerwas, Z. Phys. C57 (1993) 569; A. Djouadi, P. Janot, J. Kalinowski and P.M. Zerwas, Phys. Lett. B376 (1996) 220.

11. A. Djouadi, M. Spira and P.M. Zerwas, Z. Phys. C70 (1996) 427. 12. A. Djouadi, J. Kalinowski and M. Spira, Comput. Phys. Comm. 108 (1998) 56. 13. J.H. Kühn, E. Mirkes and J. Steegborn, Z. Phys. C57 (1993) 615. 14. H.J. Schreiber (TESLA Coll.), private communication.

15. A. Djouadi et al., Phys. Lett. B257 (1991) 187; A. Djouadi et al., Phys. Lett. B311 (1993) 255; K. Melnikov and O. Yakovlev, Phys. Lett. B312 (1993) 179; M. Inoue et al., Mod. Phys. Lett. A9 (1994) 1189; M. Spira et al., Nucl. Phys. B453 (1995) 17; E. Braaten and J.P. Leveille, Phys. Rev. D22 (1980) 715; N. Sakai, Phys. Rev. D22 (1980) 2220; T. Inami and T. Kubota, Nucl. Phys. B179 (1981) 171; S.G. Gorishny et al., Sov. J. Nucl. Phys 40 (1984) 329; M. Drees and K. Hikasa, Phys. Rev. D41 (1990) 1547, Phys. Lett. B240 (1990) 455 and (E) ibid. B262 (1991) 497.

16. B. Kamal et al., Phys. Rev. D51 (1995) 4808 and (E) ibid. D55 (1997) 3229; G. Jikia and A. Tkabladze, Phys. Rev. D54 (1996) 2030 and hep-ph/0004068.

17. V.S. Fadin et al., Phys. Rev. D56 (1997) 484; M. Melles and W.J. Stirling, Phys. Rev. D59 (1999) 094009, Eur. Phys. J. C9 (1999) 101 and Nucl. Phys. B564 (2000) 325.

18. G. Bélanger, Talk at the ECFA/DESY Workshop Oxford 1999.