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We present the results of a search for pair production of scalar bottom quarks (b;) and scalar
third-generation leptoquarks (LQ3) in a data sample of 5.2 fb~! collected by the DO experiment
at the Tevatron, the pp collider at Fermilab. We assume that sbottoms decay to a neutralino ()Z?)
and a b quark, and we set 95% C.L. lower limits on their production in the (ml;l, mZ?) mass
plane such that mj, > 247 GeV for My = 0 and myo > 110 GeV for 160 < mj <200 GeV. The
leptoquarks are assumed to decay to a tau neutrino and a b quark, and we set a 95% C.L. lower
limit of 247 GeV on the mass of a charge-1/3 third-generation leptoquark.
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Search for scalar bottom quarks and third-generation leptoquarks at DO

In this search performed at the DO experiment [1], we look for particles predicted by exten-
sions of the Standard Model (SM) [2]: scalar bottom quarks in the framework of the Minimal
Supersymetric Standard Model (MSSM) with R-parity conservation, and leptoquarks predicted
by grand unified theories (GUT) and composite models. In this analysis, we consider the region
of parameter space where the only possible decay of the lighter sbottom quark b, is: b; — bx?.
x? is assumed to be the lightest supersymmetric particle and is therefore stable. Consequently,
we look for: pp — bx?gx?. Charge—% third-generation leptoquarks (LQ3) are predicted to de-
cay to bv with the branching fraction B, and to ¢t with the branching fraction 1-B. We look for:
pp — LQ3LQ5 — bbVV.

The signal for both searches is two b-jets of high transverse momentum (pr) and missing
transverse energy () from escaping neutrinos or neutralinos (see figure 1).
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Figure 1: Feynman diagrams of the signals.

The main backgrounds come from processes with real £, such as decays of W and Z bosons
with unidentified leptons, which are evaluated from Monte-Carlo simulations and normalized with
a W enriched sample of data. Other backgrounds come from multijet processes with instrumen-
tal f; arising from energy mismeasurements and are evaluated from data with a QCD enriched
sample.

We first select events with at least two jets each with pr > 20 GeV, and with an angle between
the two leading jets of less than 165°. A veto is applied on events with isolated leptons to reduce the
background from W decays. The background coming from multijet processes is reduced by apply-
ing a cut at 40 GeV on the £, and requiring it to be non-collinear with any jet. It is also required to
have a high significance with respect to the resolution of the measured energies. To further reduce
that same background, a cut is applied on the angle between £ and the missing p7 computed from
the tracks, which tend to be aligned in events with real £;. At least two jets must be identified as b-
jets, with one satisfying tight quality requirements. Additional variables are used to reduce the con-
tribution from events with poorly measured £r, like the asymmetry o = (K7 —Hy) / (Er +Hr)
which has to be in the range [—0.1,0.2], where Hr =Y. ,,; pr and iy = | ¥ ;1 P7|. The final selec-
tion consists of cuts on £, the leading jet pr, Hr and X;; = (p’f” +p¥t2) /Hr, which is used
to reduce the background coming from top-quark processes. The set of cuts depends on m; ¢, and
my, and is optimized to yield the smallest expected limit on the cross section.

The main systematic uncertainties come from the uncertainty on the luminosity (6.1%), the jet
energy calibration and reconstruction (3% for signal, 2 to 7% for background), the b-tagging (6 to
17% for signal, 5 to 11% for background), the theoretical cross sections for the SM processes (10%
for the top background, and 6% for W/Z bosons with an additional 20% for heavy flavor content)
and the contribution from the multijet background (25%).
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FProcess Pretag b-tag —01<.4<02 X;; > 0.75 X;;>09
Ad(Erjets) > 06 pith > 20 GeV pEY 5 50 GeV

Er>40 GeV  Er > 150 GeV
Hyp > 60 GeV Hp > 220 GeV

Dihkoson 2,060 38 35 31 0.3

W (— Iv) + light jets 49,250 130 119 105 0.5

W ez, Wb 7.792 353 325 261 1.9

Z(— 1) + light jets 17,663 11 9 8 a

ZeE, Zbb 4.526 256 247 217 1.

Top 2,019 348 301 190 2.2

MJ 30,243 444 205 157 ]

Total backzground 113,553 1,579 £ 230 1,242 £+ 188 971 £ 152 6.9 4+ 1.7

# data events 113,553 1,463 1,131 901 7

Signal (acceptance, %)
(m,—“,mﬂ»):(ﬂﬁlﬂ.D) GeV 145 + 11 (38.7)
(mg,m0)=(130.85) GeV 1,928 + 158 (10.9)

433 + 6.4 (11.4)
544 4 85 (3.1)

42.0 + 6.2 (11.1) -
529 £ 77 (3.0)

10.5 + 1.9 (2.8)
481 + 66 (2.7) -

Table 1: Predicted and observed number of events at different steps of the selection.

Using 5.2 fb~! of data, the number of events with the expected topology is consistent with the
number of events predicted from SM processes (see Table 1).

Figure 2(a) shows the 95% C.L. upper limits on the cross section with respect to my o, and
the theoretical cross section assuming B = 1. The limit on the mass obtained in this case for the
production of leptoquarks of third-generation is mzp, > 247 GeV. Also shown is the theoretical
cross section when couplings to the bv and ¢7 channels are identical. In that case, the mass limit is
238 GeV. Figure 2(b) shows the excluded region in the (m,;l, mz?) plane. For Mo = 0 the limit is
my, > 247 GeV at 95% C.L. For 160 < mj, < 200 GeV, the limit is mgo > 110 GeV. These limits

significantly extend previous results.
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Figure 2: (a) The 95% C.L. limits on 6B? as a function of mp g, for the pair production of LQ3. (b) The
95% C.L. exclusion contour in the (m;)l , mz?) plane.
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