arXiv:hep-ph/0404049 v2 26 Apr 2004

April 26, 2004 hep-ph/0404049

Top squark mass: current limits revisited and new limits from Tevatron Run-I

Siba Prasad Das^{a,},^1 Amitava Datta^{a, 2} and Manas Maity^{b, 3}

a Department of Physics, Jadavpur University, Kolkata 700032,India

b Department of Physics, Visva-Bharati, Santiniketan 731235 India.

Abstract

Analyzing the ℓ + n-jets + E/_T ( where n ≥ 2 ) data from Run-I of the Tevatron using the Bayesian technique, we obtain model independent limits on the product BR(~t_1 → be^+ν_e ~χ^0_1)×BR(~t^∗_1 → b̄qq̄^′ ~χ^0_1) for different values of the lighter top squark ( ~t_1) mass and the lightest supersymmetric particle ( ~χ^0_1) mass. The signal events have been simulated by interfacing the 4-body decay of ~t_1 at the parton level with the event generator PYTHIA. These limits have been translated into exclusion plots in the m~_{t1} -m~_χ0_1 plane, which also turn out to be fairly model independent for fixed values of the BR of the competing loop decay mode ~t_1 → c ~χ^0_1. Assuming the loop decay BR to be negligible and using the leading order cross section for ~t_1~t^∗_1 pair production, we obtain conservatively m~_{t1} ≥77.0 (74.5) GeV for m~_χ0_1 =5(15) GeV, while for BR(~t_1 → c ~χ^0_1)=20%, the corresponding limits are m~_{t1} ≥68.0 (65.0) GeV. Using the larger next to leading order cross-section stronger limits are obtained. For example, if BR(~t_1 → c ~χ^0_1)=20%, m~_{t1} ≥73.0 (72.7) GeV for m~_χ0_1 =5(15) GeV. Our limits nicely complement the ALEPH bounds which get weaker for low m~_χ0_1 .

PACS numbers: 11.30.Pb, 13.85.-t,14.80.Ly

1spdas@juphys.ernet.in 2adatta@juphys.ernet.in 3iam manas maity@yahoo.co.in

The Minimal Supersymmetric Standard Model (MSSM)[1] is a well motivated extension of the Standard Model(SM), but there is no evidence of it as well as it has not been ruled out by the electroweak precision measurements at LEP[2]. Unfortunately, we are not equipped with any theoretical guideline about the range of superparticle masses since the exact SUSY breaking mechanism is unknown yet, although several interesting suggestions exist[1]. From unsuccessful searches at LEP [3] and Tevatron Run-I [4, 5] some experimental lower bounds on superparticle masses exist.

The second phase of experiments at the Tevatron, the Run-II, is in progress. It is expected that an integrated luminosity of at least 2 fb^{−1} per experiment at 2 TeV center of mass energy will be accumulated. This is about ten times larger than the acquired luminosity in Run-I with center of mass energy 1.8 TeV.

However, in view of the existing limits on the masses of the strongly interacting sparticles (squarks and gluinos) [4, 5] and the rather marginal increase in the center of mass energy, most of the unexplored parameter space in this sector is likely to be beyond the kinematic reach of Run-II as well. Since this is the only currently available machine for direct SUSY searches until the LHC starts, it is important to identify the sparticles with reasonable production cross sections which may be within the striking range of the Tevatron.

The lighter top squark mass eigenstate ~t_1 could be an interesting possibility. This is because the large top quark mass induces a large mixing term in the top squark mass matrix [6]. When the matrix is diagonalized, one of the mass eigenvalues may turn out to be rather small over a large region of the MSSM parameter space. In fact, it is quite conceivable that ~t_1 is the next lightest supersymmetric particle (NLSP), the lightest neutralino ~χ^0_1 being the lightest supersymmetric particle (LSP) by assumption in most R-parity(R_p) conserving models.

Since the ~t_1 could be the only strongly interacting sparticle within the kinematic range of Run-II, it is important to carefully plan the strategy for searching it. The existing limits on m~_{t1} may provide important guidelines for this plan. In the first part of this letter we shall critically re-examine the existing limits. Since we do not want to commit ourselves to any specific SUSY breaking mechanism we shall discuss only the limits which are valid in the most general R_p conserving MSSM. In the second part of this paper we shall derive some new limits using Run-I data.

The collider signatures, however, crucially depend on whether the top squark is the NLSP or not. In this letter we shall be mainly concerned with the scenarios with a top squark NLSP with m~_{t1} below the top quark mass. It is further assumed that all three body decays like ~t_1 → bW ~χ^0_1, where ~χ^0_1 is the only superparticle in the final state, are kinematically forbidden. In this case the only allowed decay modes in the R_p conserving MSSM are the following:

(i)The flavour changing loop decay into a charm quark and the LSP, ~t_1 → c ~χ^0_1, [7] ; (ii) The 4-body decay into a b quark, the LSP and two approximately massless fermions , ~t_1 → b ~χ^0_1ff̄^′, where ff̄^′ = qq̄^′ or lν̄_l( ℓ = e, μ) [8].

We note in passing that if m_W +m~_χ0_1 <∼ m~_{t1} <∼ m_b +m_W +m~_χ0_1 , then the decay ~t_1 → qW ~χ^0_1, where q = d or s, can occur in principle. Of course the BR of this mode could be suppressed by a mixing angle expected to be very small if the quark and the squark mass matrices are aligned. The magnitude of this parameter, however, is very much model dependent and the possibility that this mode may compete with the decays (i) and (ii) also having small widths, can not be apriorily ruled out. The resulting signal consisting of W + light hadrons + E̸_T may be difficult to detect, especially so if m~_χ0_1 and consequently the E̸_T is small. To the best of our knowledge this signal has not been studied so far. This decay mode, which could be a test of alignment of the quark and squark mass matrices, is not of particular interest for this paper since Run-I data is sensitive to m~_{t1} <∼ m_W only.

Until very recently most of the limits on the top squark NLSP, derived from unsuccessful searches at LEP and Tevatron, were based on the assumption that the former decay occur with 100% branching ratio (BR). Moreover these limits have additional dependence on SUSY parameters in the following way.

At hadron colliders the leading order (LO) cross section for pair production of top squarks depends on m~_{t1} only since it is a pure QCD process[9]. The dependence on other SUSY parameters, e.g., the gluino mass m~_g, the masses of the other squarks, the mixing angle cos θ~_t ( where, θ~_t is the mixing angle in top squark sector ), etc., arise only through the next to leading order (NLO) corrections, which yield somewhat larger cross sections[10]. The efficiency of the kinematical cuts required to isolate the top squark signal from the SM background, on the other hand, strongly depends on the lightest neutralino mass m~_χ0_1 . The existing conservative limits from Tevatron based on the LO cross section [11, 12] and the assumption of 100% BR’s of the loop decay, are presented as exclusion plots in the m~_{t1} -m~_χ0_1 plane (see Fig.(2) of [11]). The most stringent bound, from Tevatron experiments, puts a lower limit of m~_{t1} ≥ 119 GeV for m~_χ0_1 =40 GeV. This limit becomes considerably weaker for higher value of m~_χ0_1 , e.g, m~_{t1} ≥ 102 GeV for m~_χ0_1 =50 GeV [11]. Thus, even if we temporarily set aside the questionable assumption of 100% BR’s for the loop decay, the existing limits from Tevatron on m~_{t1} could be rather weak for relatively large ~χ^0_1 mass.

Using the model dependent assumption of the complete dominance of the loop decay limits on m~_{t1} have also been obtained at LEP[13]. At e^+e^− colliders the electroweak ~t_1~t^∗_1 production cross section has an additional dependence on the θ~_t. The cross section is maximum for θ~_t = 0^∘ while it is minimum for θ~_t = 56^∘, when ~t_1 decouples from the Z . For larger values of θ~_t the cross section is essentially the same as that for θ~_t = 56^∘ [14], particularly so for relatively high m~_{t1} kinematically accessible to LEP . This behavior of the cross section ensures that the limits corresponding to θ~_t = 56^∘ are valid to a very good approximation for higher values of θ~_t. The efficiency of the kinematical cuts also depends on m~_χ0_1 although the dependence is somewhat different from that in the case of Tevatron data. For θ~_t >∼ 56^∘ and m~_{t1} >∼ 78.0 GeV, no exclusion is possible for low m~_χ0_1 , although for higher m~_χ0_1 better limits are obtained even if m~_χ0_1 ≈ m~_{t1} (see Fig.2(a) of [15]). It should be emphasized that it is precisely for these low m~_χ0_1 the CDF limits using the same assumption of the dominance of the loop decay are more stringent and limits extending beyond the kinematical reach of LEP are obtained. Thus the limits from LEP and Tevatron complement each other.

It has been known for some time that in a wide region of the MSSM parameter space the BR’s of the 4-body decay can be substantial and may even dominate over the loop decay. The dependence of the 4-body decay rate on SUSY parameters has been studied in great detail both in the MSSM and the minimal Supergravity (mSUGRA) [8, 16]. Especially for large values of θ~_t and small values of tan β this mode can be the dominant one. Thus the limits discussed above may require significant revision. The dependence on other MSSM parameters will be reviewed later and some new points will be discussed.

Very recently both ALEPH [15] and D0 collaborations [17] have analyzed respectively LEP and Tevatron data using special assumptions for the 4-body decay. D0 has obtained cross section limits as a function of m~_{t1} assuming 100% BR’s for the leptonic 4-body decay[17]. This assumption, however, is unrealistic. As has already been noted this BR’s does not exceed the 20% level considering both the e and μ modes [16].

For the first time the ALEPH collaboration has analyzed the data taking into account both the competing decay modes. One set of realistic limits have been obtained by assuming that the 4-body decay overwhelms the loop decay and the relative BR’s of the 4-body leptonic and hadronic decays of ~t_1 closely follow that of the W^∗ ( see Fig.3(a) of [15] ). The exclusion plot in the m~_{t1} -m~_χ0_1 plane shows that for low m~_χ0_1 , m~_{t1} > 78.0 (84.0) GeV is allowed for θ~_t= 56^∘ (0^∘).

Another set of limits has been obtained by varying both the loop decay and the 4-body semileptonic decay BR’s as free parameters. They have then checked whether a particular m~_{t1} can be excluded via any one of the two competing decay modes. As already discussed, these limits also depend on m~_χ0_1 and θ~_t. Unfortunately the numerical values of the semileptonic 4-body decay BR’s used in deriving the limits are not always realistic. For example the absolute lower limit of m~_{t1} > 63.0 GeV at 95% confidence level has been obtained for the loop decay BR’s = 22%, the semileptonic 4-body BR’s = 55%, ΔM = m~_{t1} − m~_χ0_1 = 5 GeV and θ~_t = 56^∘. The assumed semileptonic 4-body BR’s, however, is unrealistic. We have checked that for m~_{t1} within the kinematic reach of LEP the hadronic 4-body BR’s is much larger than the semileptonic one over the entire MSSM parameter space. Higher values of m~_{t1} are excluded for lower values of m~_χ0_1 , ( see Fig.4(a) and 4(b) of Ref.[15]). For example fixing the loop decay BR’s at 22% the strongest limit m~_{t1} >∼ 95.0 GeV is obtained for ΔM = 25 GeV. However for still larger values of ΔM, the limits get weaker as can be seen from the limit m~_{t1} >∼ 89.0 GeV for ΔM = 45 GeV. No limit for still higher values of ΔM has been presented. In summary the ALEPH limits become weaker for θ~_t >∼ 56^∘ and relatively low m~_χ0_1 .

The purpose of this letter is to show that precisely in these regions of the MSSM parameter space, the data from Tevatron Run-I [18] already gives almost model independent, stronger limits inspite of the rather modest integrated luminosity. The conservative limits using the LO production cross section can be further improved if somewhat larger NLO cross sections are employed. For most of the parameter space σ_{N LO} ( pp̄ → ~t_1~t^∗_1 ) is 30% higher than the σ_{LO} ( pp̄ → ~t_1~t^∗_1 ) [10]. More importantly, this analysis outlines a strategy using which the Run-II search at slightly higher production cross section and much higher integrated luminosity can spectacularly enrich the information about the top squark NLSP in a fairly model independent way.

We looked into the existing CDF and D0 data and tried to identify the one which can be best utilized to constrain the 4-body decay modes of ~t_1. In principle the classic jets+missing E_T (E/_T ) data [4] used for squark-gluino searches can be used to constrain the 4-body decay of the top squark in the all hadronic mode which has the largest BR’s. Unfortunately the stiff E/_T cut used to extract the existing data suitable for heavy superparticle searches give rather poor selection efficiency for the light ~t_1 accessible at Tevatron Run-I. We, therefore, analyzed the CDF data[18] used for a different search channel, ~t_1 → bℓ^+ ~ν_ℓ, leading to the signal ℓ + n-jets + E/_T , where n ≥ 2. The same signal also arises from the 4-body decay of top squark when one ~t_1 decays leptonically and the other decays hadronically. Our analysis, however, will be handicapped due to the rather modest branching ratio of the semileptonic mode and the kinematical cuts optimized for a different decay channel. Nevertheless some useful conclusions emerge.

The 4-body decay has been simulated at the parton level using CTEQ4M parton distribution function [19], where one of the ~t_1 decays leptonically while the other decays hadronically^4: pp̄ −→ ~t_1~t^∗_1 −→ bℓ̄ν_ℓ ~χ^0_1b̄qq̄^′ ~χ^0_1 ( ℓ = e or μ ) PYTHIA is then used for hadronization of the partons from ~t_1 decays. The final state particles have been passed through a toy detector simulation ( using tools in PYTHIA ) which mimics the effect of the CDF detector. The events are characterized by considerable E/_T , due to the ~χ^0_1, more than one energetic jets, displaced secondary vertices due to the b-quark jets and an isolated high p_T lepton from the top squark decay. Jet reconstruction, tagging of b-jets and lepton (e, μ) identification have been done following the CDF analysis using the same parameters and efficiencies. In particular, efficiency for tagging individual b-jets has been assumed to be 0.24 [20].

The important event selection criteria following CDF are as follows:

1. Considerable E/_T due to the two ~χ^0_1’s and a ν from the decays of ~t_1~t^∗_1 : E/_T ≥ 25 GeV

2. At least 2 jets where the jets are reconstructed within |η| ≤ 2.4 with cone algorithm (ΔR = √ (Δη)^2 + (Δϕ)^2 < 0.7) : E^{jet,1}_T > 12 GeV and E^{jet,2}_T > 8 GeV, where the jets are ordered in descending E/_T .

3. At least one isolated lepton : electrons with E_T > 10 GeV and |η_e| < 1.1 and muons p_T > 10 GeV and |η_μ| < 0.6 are selected.

4. Events with opposite sign di-lepton were removed to reduce Drell-Yan background.

5. At least one secondary vertex tagged jet from one of the b-jets.

To test the reliability of our simulation and analysis, tt events generated by PYTHIA have been passed through the same simulation and analysis chain. The number of tt events passing our selection is 17.38 which compares favourably with the number of tt events passing CDF selection, i.e. 17.8 ± 4.5 [18]. This validates the simulation and analysis chain used for deriving the new limits. Evidently the efficiency increases with increasing m~_{t1} and for the same m~_{t1} increases with decreasing m~_χ0_1 , (see Fig.1). Thus limits better than that obtained by the ALEPH Collaboration[15] for low m~_χ0_1 is expected.

From 88 pb^{−1} data a total of 87.3± 8.8 background events(N_b) were expected from SM processes. Significant contributions come from the W + jets, where W decays leptonically,

4Charge conjugate interactions have been assumed unless otherwise stated.

tt, bb, tb̄, Z + n-jets, where n ≥ 2 and fake lepton events. Number of data events (N_{data}) passing the selection is 81 (see Ref.[18]).

Figure 1: Selection efficiency of the signal plotted as a function of m~_χ0_1 for different values of the top squark mass (m~_{t1} ).

Since no excess over the expected SM background is observed in the data, 95% CL upper limits on the product of the branching ratios = BR(~t_1 → be^+ν_e ~χ^0_1) × BR(~t^∗_1 → b̄qq̄′ ~χ0_1)=BR(~t_1 → bμ+ν_μ ~χ0_1) × BR(~t∗_1 → b̄qq̄′ ~χ0_1), where q and q′ correspond to all flavours kinematically allowed, are obtained for different values of m~_{t1} and m~_χ0_1 . Hereafter this product of branching ratios will be denoted by PBR. For determining the 95% CL limits, posterior probability distributions for each m~_{t1} and m~_χ0_1 were obtained using the Bayesian technique[21] assuming the following: error on the luminosity ±4pb^{−1}, error on the total expected number of SM background events ±8.8 ( taken from Ref.[18] ) and ±10% error on the estimated acceptance of the signal events. We have not taken into account the error in the cross section due to the uncertainties in the choice of the parton distribution functions, but we have checked that even if we take into account this uncertainty no appreciable change in the limits occur. For each value of the PBR 1000 Monte Carlo experiments were performed to determine the corresponding probability.

Upper limits on the PBR have been calculated using σ(pp̄ → ~t_1~t^∗_1) both in the LO and NLO approximation. These limits are shown in Fig.2. For any given combination of m~_{t1} and m~_χ0_1 the limits obtained by using the relatively low LO production cross section are weaker as expected. We shall follow the prescription of Ref.[10] and estimate the possible impact of the NLO cross section on our limits by using the LO cross sections scaled by a factor of 1.3 as an input to the limit calculation. The resulting stronger limits are presented in Fig.2. We have concentrated on low values of m~_χ0_1 because in this region of the parameter space

Figure 2: The upper limit on the product of branching ratios ( PBR, see text) as a function of m~_{t1} for different values of m~_χ0_1 . Limits for both leading order(LO) and next to leading order(NLO) ~t_1~t^∗_1 production cross-section are presented.

Figure 3: The PBR as a function of BR(~t_1 → c ~χ^0_1) for m~_{t1} =75 GeV. The modest spread in PBR for a fixed BR(~t_1 → c ~χ^0_1) is due to the variation of the MSSM parameters (see text).

our analyses lead to limits better than those obtained by ALEPH[15].

The regions of the MSSM parameter space, where the theoretical expectation of the PBR is above the 95% CL upper limit are excluded by this analysis. We shall now show that a significant region of the MSSM parameter space which was not excluded by the previous analyses are excluded in a fairly model independent way.

Figure 4: The excluded region in the m~_{t1} −m~_χ0_1 plane from Tevatron Run-I assuming the BR(~t_1 → c ~χ^0_1) to be negligible. The regions below the dotted (solid) lines are excluded using the LO (NLO) production cross sections.

In Fig.3, we plotted the PBR as a function of the loop decay BR for m~_{t1} =75 GeV. The two BR’s in the product are calculated by randomly varying all other MSSM parameters, taking into account the direct limits from LEP and Tevatron[3, 12, 13]. In particular the following ranges have been considered: the common slepton mass m~_{lL} =m~_{lR} = [120 - 500] GeV, the common mass for the squarks m~_{qL} =m~_{qR} =[300 - 800] GeV, cos θ~_t=[0.01 - 0.90 ] ( θ~_t=[89.43^∘ - 25.84^∘] ) , the trilinear soft breaking term in the b sector A_b=[150 - 750 ] GeV , the trilinear soft breaking term in the τ sector A_τ =[150 - 350 ] GeV, the U(1) gaugino mass M_1=[5 - 50] GeV, the SU(2) gaugino mass M_2=[110 - 300] GeV, the higgsino mass parameter μ=[50 - 500 ] GeV, the ratio of the vacuum expectation values of the two neutral Higgs fields tan β=[5 - 50 ] and the pseudoscalar Higgs boson mass M_A=[300 - 900] GeV. It should be noted that we have not invoked the model dependent assumption of gaugino mass unification. On the other hand the common mass for the first two generations of squarks as suggested by the absence of flavour changing neutral currents has been used. We have also checked that the PBR remain almost unchanged if we consider the range μ=[(-500) - (-50)] GeV. Hence, the figure is drawn only for positive μ.

A cursory look into the Feynman diagrams [8] for each of the 4-body decay mode of ~t_1 would suggest that the theoretical prediction of the above product depends on many free parameters. An important result of this letter is to establish that inspite of this apparent

Figure 5: The excluded regions in the tan β − cos θ~_t plane for m~_{t1} =75 GeV and m~_χ0_1 =10 GeV. The dots represent excluded points where the PBR exceeds its upper limit for this combination of m~_{t1} and m~_χ0_1 . M_1, M_2 and μ are varied such that the m~_χ0_1 is fixed. The other MSSM parameters, which affects the result mildly (see text) are m~_{lL} =m~_{lR} = 300 GeV, m~_{qL} =m~_{qR} =500 GeV, A_b=300 GeV , A_τ =200 GeV, M_A=300 GeV.

model dependence, a fairly model independent approach for extracting the limits is possible. For a fixed BR(~t_1 → c ~χ^0_1), the PBR lies in a rather narrow range even if all model parameters are arbitrarily varied. This is not difficult to understand. For top squark masses sensitive to the data we are examining and chargino and slepton masses above the current LEP limits, both the semileptonic and the hadronic 4-body BR’s follow the corresponding W^∗ BR in most cases. For a given loop decay BR’s, the overall 4-body BR’s is fixed. Now the PBR lies in a narrow range even if the MSSM parameters are widely varied subject to the above constraints. We have found the same behaviour of the PBR for other value of m~_{t1} relevant for our analysis ( 65.0 <∼ m~_{t1} <∼ 85.0GeV ).

Some numerical examples are given below. When the loop decay BR is negligible (<∼ 0.5%), the theoretical PBR lies between 0.069 - 0.073. This range reflects the uncertainty in the MSSM parameters, cos θ~_t being the most important one among them. In this particular case if 0.01 < cos θ~_t < 0.18 (89.43^∘ > θ~_t > 79.63^∘ ), the BR of the loop decay is negligible. For LSP mass 5 (15) GeV the limit is m~_{t1} > 76.5 - 77.5 GeV ( 74.0 - 75.0 GeV ) if the limiting PBR ( see Fig.2) corresponding to the LO production cross section is used. For the purpose of quoting limits we shall use the central value of each range.

Using the NLO cross section as discussed above the corresponding limits become stronger: 83.0 - 84.2 GeV ( 81.5 - 82.5 GeV) for m~_χ0_1 = 5(15) GeV. Thus most of the narrow region of the parameter space corresponding to large θ~_t and low m~_χ0_1 allowed by the ALEPH analysis ( see Fig.3(a) of Ref.[15]), is disallowed by Run-I data if the NLO cross section is used.

If on the other hand the loop BR’s is fixed at 20 %, for LSP mass 5 (15) GeV, the limit is m~_{t1} > 67.5 - 68.5 GeV ( 64.2 - 66.1 GeV ) using the LO cross section. Stronger limits 72.5 - 73.5 GeV ( 72.2 - 73.2 GeV ) emerge corresponding to the NLO cross section. This should be compared with Fig.4(b) of Ref.[15].

Assuming that the loop decay BR’s is negligible and fixing the PBR at 0.073, a number motivated by Fig.3, we present the constraints in the m~_{t1} − m~_χ0_1 plane in Fig.4. This may be compared with the limits in Fig.3(a) of [15]. Although the improvement using the leading order cross section is rather modest, the NLO cross section leads to significant improvement in the large θ~_t and small m~_χ0_1 scenario. Our results, therefore, nicely complements the ALEPH limits.

Some comments on the importance of the parameter cos θ~_t are now in order. It has already been noted in Ref.[8] that the parameter ϵ, as defined in [7], plays a crucial role in the loop decay. By adjusting various SUSY parameters the magnitude of ϵ can be suitably reduced leading to a vanishingly small loop decay BR. In some regions of the parameter space this may require a fair amount of fine-tuning. This is illustrated in Fig.5 in the cos θ~_t − tan β plane for m~_{t1} = 75 GeV and m~_χ0_1 =10 GeV, where the dots correspond to the PBR greater than or equal to its limiting value. The parameters M_1, M_2 and μ have been varied such that the m~_χ0_1 is fixed. The choice of the other MSSM parameters are given in the figure caption. It is seen that for large tan β the PBR is sensitive to the data for a very narrow range of cos θ~_t values, where as for small tan β this happens for a much larger range of cos θ~_t. The dominance of the 4-body is, therefore, more probable at small tan β. For example in Fig.5, the PBR is greater than or equal to its limiting value for 0.07 < cos θ~_t < 0.1(85.98^∘ > θ~_t > 84.26^∘) and tan β=45. Even if all MSSM parameters are randomly varied keeping m~_{t1} and tan β fixed, the above range marginally changes to 0.01 < cos θ~_t < 0.1(89.43^∘ > θ~_t > 84.26^∘). On the other hand for tan β=5 the range for the above set of MSSM parameters is 0.01 < cos θ~_t < 0.35(89.43^∘ > θ~_t > 69.51^∘), see Fig.5 . These features have been noted for all m~_{t1} sensitive to the data we are using.

This letter sketches a fairly model independent strategy for top squark search including its 4-body decays. This approach can be easily extended to anayles using Run-II data. There are reasons to be optimistic about the prospect of ~t_1 search via the 4-body decay channels at Tevatron Run-II. Firstly the ~t_1~t^∗_1 production cross-section at √ s=2 TeV will be slightly higher and the total integrated luminosity much larger. Moreover kinematical cuts can be specially designed for the 4-body decay channel. For example, jets + E/_T data at a relatively low E/_T will improve the search prospect via the hadronic decay mode of both the top squarks, which has the largest BR’s. Instead of using a very stiff E/_T cut, the background can be suppressed by efficient b-tagging and utilizing the large number of jets in the signal. With good τ detection efficiency 4-body final states with τ -leptons may also lead to further improvements.

Acknowledgements : AD acknowledges financial support from BRNS(INDIA) under the project number 2000/37/10/BRNS. SPD acknowledges the grant of a senior fellowship by CSIR, India. the authors thank N.K.Mondal, S.Chakrabarti and S.Jain for helpful discussions.

References

[1] For reviews of Supersymmetry, see, e.g., H. P. Nilles, Phys. Rep. 1 ( 1984) 110 ; H. E.

Haber and G. Kane, Phys. Rep. 117 ( 1985) 75 ; M. Drees and S.P. Martin, CLTP Report (1995) and hep-ph/9504324.

[2] G. Altarelli, F. Caravaglios, G. Giudice, P. Gambino G. Ridolfi, JHEP 0106 (2001) 018.

[3] For a summary see the website, http://lepsusy.web.cern.ch/lepsusy.

[4] T. Affolder et al. , The CDF collaboration, Phys. Rev. Lett. 88 (2002) 041801 , hep-ex/0106001; B. Abbott et al. , The D0 collaboration, Phys. Rev. Lett. 83 (1999) 4937 , hep-ex/9902013 and references therein.

[5] For a summary of Run-I results see , e.g., S.Abel et al. , Report of the “SUGRA working group for Run-II at the Tevatron”, hep-ph/0003154 and references therein.

[6] J. Ellis and S. Rudaz, Phys. Lett. B 128 (1983) 248 ; M. Drees and K. Hikasa, Phys.

Lett. B 252 (1990) 127 .

[7] K.I. Hikasa and M. Kobayashi, Phys. Rev. D 36 (1987) 724 .

[8] C. Boehm, A. Djouadi and Y. Mambrini, Phys. Rev. D 61 (2000) 095006 ; A. Djouadi and Y. Mambrini, Phys. Rev. D 63 (2001) 115005 ; A. Djouadi, Y.Mambrini and M.Guchait Phys. Rev. D 64 (2001) 095014 .

[9] G.L. Kane and J.P. Leveille, Phys. Lett. B 112 (1982) 227 ; P.R. Harrison and C.H. Llewellyn Smith, Nucl. Phys. B 213 (1983) 223 and Erratum ibid.; E. Reya and D.P. Roy, Phys. Rev. D 32 (1985) 645 ; S. Dawson, E. Eichten and C. Quigg, Phys. Rev. D 31 (1985) 1581 ; H. Baer and X. Tata, Phys. Lett. B 160 (1985) 159 .

[10] W. Beenakker, R. Höpker, M. Spira, and P.M. Zerwas, Phys. Rev. Lett. 74 (1995) 2905 ;

Z. Phys. C 69 (1995) 163 and Nucl. Phys. B 492 (1997) 51 ; W. Beenakker, R. Höpker, and M. Spira, hep-ph/9611232; W. Beenakker, M. Kramer, T. Plehn, M. Spira and P. M. Zerwas, Nucl. Phys. B 515 (1998) 3 .

[11] CDF Collaboration (T. Affolder et al. ), Phys. Rev. Lett. 84 (2000) 5704 ,

hep-ex/9910049.

[12] D0 Collaboration (S. Abachi et al. ), Phys. Rev. Lett. 76 (1996) 2222 ; For a summary on top squark searches at the Tevatron, see: A. Savoy-Navarro for the CDF and D0 Collaborations, Report FERMILAB-CONF-99-281-E (Nov. 1999).

[13] ALEPH Collaboration, Phys. Lett. B 413 (1997) 431 , Phys. Lett. B 434 (1998) 189 , Phys. Lett. B 469 ( 1999) 303 , Phys. Lett. B 488 (2000) 234 , Phys. Lett. B 499 (2001) 67 ; DELPHI Collaboration,Phys. Lett. B 489 (2000) 38 ; L3 Collaboration, Phys. Lett. B 471 (1999) 308 ; OPAL Collaboration,Phys. Lett. B 456 (1999) 95 .

[14] A. Bartl et al. , Z. Phys. C 73 (1997) 469 , hep-ph/9603410.

[15] ALEPH Collaboration, Phys. Lett. B 537 (2002) 5 , hep-ex/0204036.

[16] S.P.Das, Amitava Datta and M. Guchait, Phys. Rev. D 65 (2002) 095006 ,

hep-ph/0112182.

[17] D0 Collaboration (V.M. Abazov et al. ), Phys. Lett. B 581 (2004) 147 .

[18] CDF Collaboration (T. Affolder et al. ), Phys. Rev. Lett. 84 (2000) 5273 ,

hep-ex/9912018.

[19] H. L. Lai, J. Houston, S. Kuhlman, F. Olness, J. Owens, D. Soper, W. K. Tung and H.

Weerts, Phys. Rev. D 55 (1997) 1280 .

[20] CDF Collaboration, Phys. Rev. Lett. 74 (1995) 2626 , hep-ex/9503002.

[21] See, e.g. , Iain Bertram, G. Landsberg, R. Partridge, M. Paterno, H.B. Prosper, and J. Linnemann, ”A Recipe for the Construction of Confidence Limits” – D0 Note 2775a ; Harrison Prosper, ”Statistical Issues in Data Analysis”, lectures at the NATO/ASI St. Croix Summer School, 1996; G. D^′ Agostini , Rept. Prog. Phys 66 (2003) 1383,

physics/0304102.