arXiv:hep-ph/0109182 v1 20 Sep 2001

SELECTRON PAIR PRODUCTION IN E^−E^− SCATTERING

C. BLÖCHINGER, H. FRAAS AND T. MAYER University of Würzburg, Am Hubland, 97074 Würzburg, Germany E-mail: bloechi@physik.uni-wuerzburg.de, fraas@physik.uni-wuerzburg.de, mayer@physik.uni-wuerzburg.de

We investigate pair production of selectrons in e^− e^− scattering with subsequent decay into an electron and the LSP including ISR and beamstrahlung. This process can be used at a linear collider to measure the selectron masses and the gaugino mass parameter M_1 very precisely.

1 Introduction

The determination of the masses and couplings of supersymmetric particles will be one of the main aims of linear colliders in the 500 GeV - 3 TeV range

1,2,3,4. For a precission measurement of the selectron masses the e−e− mode

is of particular interest^{5,6,7}. The main advantage is the β dependence of the total cross sections near threshold for the production of two selectrons associated to the same helicity in contrast to the β^3 behavior in e^+e^− annihilation. A further advantage is the higher polarization of e^− beams compared to e^+ beams.

The production process e^−e^− → ẽ^−_{L/R}ẽ^−_{L/R} proceeds via exchange of all four neutralinos in the t-channel. Since at least for M_1 < 1 TeV one neutralino mass depends strongly on M_1 this process can be used to determine the gaugino mass parameter M_1^8.

2 Mass Determination at Threshold

In fig. 1a we show the total cross section σ_{ee} (summed over all kinematical reachable selectron combinations) of the process e^−e^− → ẽ^−_{L/R}ẽ^−_{L/R} → χ̃^0_1χ̃^0_1e^−e^− for longitudinal beam polarizations P_{e1} = P_{e2} = 80%, supersymmetric parameters M_2 = 152 GeV, μ = 316 GeV and tan β = 3 and selectron masses m_{ẽR} = 137.7 GeV, m_{ẽL} = 179.3 GeV. The steep rise with β of σ_{ee} at the ẽ^−_Rẽ^−_R threshold is not substantially flattened if we include ISR^9 and beamstrahlung^{10}. For this choice of polarization ẽ^−_Rẽ^−_L and ẽ^−_L ẽ^−_L production is suppressed. For the same parameters and beam polarizations the cross section at the threshold for the production of two right selectrons including ISR and beamstrahlung corrections is shown in fig. 1b. For the chosen parameter point the right selectron decays completely into an electron and the

√ s/GeV σee/pb

√ s/GeV σee/pb (a) (b)

Figure 1. (a) Total cross section σ_{ee} of the process e^−e^− → ẽ^−_{L/R}ẽ^−_{L/R} → χ̃^0_1χ̃^0_1e^− e^− with longitudinal polarizations P_{e1} = P_{e2} = 80%, supersymmetric parameters M_2 = 152 GeV, μ = 316 GeV, tan β = 3 and selectron masses m_{ẽR} = 137.7 GeV, m_{ẽL} = 179.3 GeV without (- - -) and with (—-) ISR and beamstrahlung. (b) Same as (a) at the ẽ^−_R ẽ^−_R threshold with ISR and beamstrahlung. The error bars are calculated assuming L = 1 fb^{−1} for each point. The dotted lines are the total cross sections for m_{ẽR} ± 100 MeV.

LSP. If we assume, that the cross section will be measured at ten points between √ s_{ee} = 276 GeV and √ s_{ee} = 286 GeV, c.f. fig. 1b, with a luminosity L = 1 fb^{−1} at each point, the right selectron mass can be determined with a statistical error < (±100 MeV). This can be seen in fig. 1b, where the total cross section for selectron masses m_{ẽR} ± 100 MeV is shown as dotted lines.

3 M_1 Determination

If we assume unification of the gaugino masses at the GUT-scale the relation M_1 = 5/3 tan^2 θ_W ×M_2 can be derived by solving renormalisation group equations. This relation can be tested with selectron pair production and decay, because the masses and couplings of the four exchanged neutralinos strongly depend on M_1^{8,11}. In fig. 3a we show the M_1-dependence of the total cross section σ_{ee} of the process e^−e^− → ẽ^−_{L/R}ẽ^−_{L/R} → χ̃^0_1χ̃^0_1e^−e^− for longitudinally polarized beams P_{e1} = P_{e2} = 80% and supersymmetric parameters M_2 = 152 GeV, μ = 316 GeV, tan β = 3, m_{ẽR} = 137.7 GeV and m_{ẽL} = 179.3 GeV at √ s = 500 GeV. The high values of the cross section and the strong dependence on M_1 for M_1 < 1 TeV can be used to determine M_1 very precisely with an ambiguity, however. Note that the strong M_1 dependence of σ_{ee} is not substantially modified by ISR and beamstrahlung. The ambiguity can be resolved by measuring the polarization asymmetry A_{pol} = σ_{ee} ( P_{e1/2} = 80% ) − σ_{ee} ( P_{e1/2} = −80% ) σ_{ee} ( P_{e1/2} = 80% ) + σ_{ee} ( P_{e1/2} = −80%

) (1)

shown in fig. 3b, which again includes ISR and beamstrahlung and also shows a strong dependence on M_1. Since both observables show a strong and clear M_1-dependence in a large region the e^−e^− mode is more appropriate for the determination of M_1 than other linear collider modes^8.

M1/GeV σee/pb

M1/GeV

Apol (a) (b)

Figure 2. (a) Dependence of the total cross section σ_{ee} of the process e^−e^− → ẽ^−_{L/R}ẽ^−_{L/R} → χ̃^0_1χ̃^0_1e^− e^− with longitudinal polarizations P_{e1} = P_{e2} = 80%, supersymmetric parameters M_2 = 152 GeV, μ = 316 GeV, tan β = 3 and selectron masses m_{ẽR} = 137.7 GeV, m_{ẽL} = 179.3 GeV at √ s = 500 GeV without (- - -) and with (—-) ISR and beamstrahlung. (b) Polarization asymmetry A_{pol} with ISR and beamstrahlung as defined in (1) for the same parameters as in (a).

Acknowledgments

This work was supported by the Deutsche Forschungsgemeinschaft, contract FR 1064/4-1 and the Bundesministerium für Bildung und Forschung, contract 05 HT9WWa 9.

References

1. TESLA-N Study Group (J. A. Aguilar-Saavedra et al.), TESLA: The Superconducting Electron Positron Linear Collider with an Integrated X- Ray Laser Laboratory. Technical Design Report, DESY-01-011, DESY-

2001-011, DESY-TESLA-2001-23, DESY-TESLA-FEL-2001-05, ECFA- 2001-209, 2001.

2. American Linear Collider Working Group (T. Abe et al.), Linear Collider Physics Resource Book for Snowmass 2001, SLAC-570, SLAC-0570, SLAC-R-570, SLAC-R-0570, BNL-52627, CLNS-01-1729, FERMILAB- PUB-01-058-E, LBNL-47813, UCRL-ID-143810-DR, 2001.

3. JLC-I, http://www-jlc.kek.jp/JLC.prposal-e.html.

4. The CLIC Study Team, A 3 TeV Linear Collider based on CLIC Technology, CERN-2000-008; http://CLICphysics.web.cern.ch/CLICphysics/.

5. M. E. Peskin, Int. J. Mod. Phys. A13 (1998) 2299. 6. M. E. Peskin, J. L. Feng, hep-ph/0105100.

7. A. Freitas, D. J. Miller, P. M. Zerwas, Eur.Phys. J. C21 (2001) 361. 8. C. Blöchinger, H. Fraas, T. Mayer, G. Moortgat-Pick, Proceedings of the Conference on Physics and Experiments with future linear colliders (2001) 447.

9. M. Skrzypek, S. Jadach, Z. Phys. C49 (1991) 577. 10. K. A. Thompson, P. Chen, SLAC-PUB-8230;

M. Peskin, LCC-0010; M. E. Peskin, pandora 2.1, http://wwwsldnt.slac.stanford.edu/nld/new/Docs/Generators/PANDORA.htm.

11. C. Blöchinger, H. Fraas, hep-ph/0001034.