Fermilab

FERMILAB-Conf-03/312-E October 2003

Search for Top and Bottom Squarks
Carsten Rott
(for the ALEPH, CDF, DELPHI, L3, and OPAL Collaborations)
Purdue University, West Lafayette, Indiana 47907, USA, e-mail: carott@physics.purdue.edu
October 6, 2003
Searches for the lightest scalar
top quark t~1 and scalar bottom quark ~b1 performed
p
ps =at1:8LEP2
with a center-of-mass energy
of
up
to
s
=
209
GeV
and
at
Tevatron
using
data
collected
at
TeV
p
during Run I and at s = 1:96 TeV during Run II, are discussed. Di erent possible decay modes were
considered and no evidence for any such signal was observed. Exclusion limits were extracted.

Abstract.

PACS.

14.80.Ly Supersymmetric partners of known particles

1 Introduction
Supersymmetric (SUSY) extensions of the Standard Model
(SM) predict for each SM particle the existence of a SUSY
partner. The states q~L and q~R are the partners of the lefthanded and right-handed quarks. They form squark mass
eigenstates (~
q1 and q~2), which are orthogonal combinations of them. The mixing angle q~ is de ned in such a
way that q~1 = q~L cos(q~) + q~R sin(q~) is the lighter squark.
Since the o -diagonal elements of the mass matrix are
proportional to the mass of the corresponding SM partner, mq (Aq ), the mixing is expected to be relevant
for the fermions of the third family. In that expression 
is the Higgs mass parameter, Aq the trillinear coupling
to the Higgs sector and  = tan for down-type quarks
1 for up-type quarks. Therefore the sbottom
and  = tan
quark could be light if tan , the ratio of the vacuum expectation values of the two Higgs doublet elds, is large.
A light stop could be realized due to large mass splitting
due to the large top mass.

2 Searches for third generation squarks
In this section the direct searches for squarks of the third
generation performed at LEP and Tevatron are described.
In R-parity conserving scenarios SUSY particles are pair
produced and the lightest supersymmetric particle (LSP)
is stable. R-parity Rp = ( 1)2S +3B +L is a discrete, multiplicative symmetry de ned by the spin S , baryon number
B, and lepton number L of the particle. For the searches
reported here, Rp is conserved unless explicitly stated otherwise. At hadron colliders stops or sbottoms would be
produced via the strong interaction, while at lepton colliders electroweakly. The coupling of the stop and sbottom to
the Z depends on the mixing angle t~, and ~b respectively.
Hence, at lepton colliders the production cross-section is

not only a function of the squark mass, but also of the
corresponding mixing angle. This coupling and therefore
the production cross-section are maximal for t~ = 0Æ . The
stop decouples from the Z for t~ = 56Æ (similar for the
sbottom for ~b = 68Æ ) and the production cross-section is
minimal.
2.1 Searches for top squarks

The decay t~1 ! t~01 is expected to be dominant if kinematically allowed. Due to the large top mass and limits
on ~01 , this mode is currently experimentally not accessible
and is therefore not considered.
Then the three-body decay t~1 ! bl~ via chargino would
become the dominant decay mode if kinematically allowed.
This yields two acoplanar jets, two acoplanar leptons and
missing energy. Searches for this decay mode were performed at LEP2 and at the Tevatron. In 107 pb 1 of CDF
/ Run I data [2], no evRun I data [1] and 108 pb 1 of DO
idence for the existence of stop was found and exclusion
limits were set. The results are shown in Figure 1 and
compared to the combined limit from the LEP2 experiments [3]. If the chargino is Higgsino-like, the branching
fraction of the decay t~1 ! b ~ is considerably enhanced.
For this case ALEPH [4], L3 [5] and OPAL [6] obtained
limits slightly below or similar to those for requiring similar branching ratios for all leptonic species.
If the three-body decay is not allowed kinematically,
then the loop suppressed avor changing two body decay
t~1 ! c~01 is expected to be the dominant decay channel.
This decay results in events with two acoplanar jets and
missing energy. Searches for the two body decay in the
non-degenerate state (Mass degenerate and nearly mass
degenerate searches are discussed in section 2.3) of the
stop were performed ALEPH [7], DELPHI [8], L3 [5], and
OPAL [6]. Table 1 summarizes some of the results obtained in these searches.
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/ and
C.L. excluded region as hatched area compared to DO
LEP2, for the three-body stop decay, t~1 ! l~b .
Limits given here are for the decay t~1 ! c~01 for
the case in which t~1 decouples from the Z. m is de ned as
m = mt~1 m~01 .
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Table 1.

Experiment
ALEPH
DELPHI
L3
OPAL

m [ GeV=c2 ]
>8
> 10
15 25
> 10

Limit [ GeV=c2 ]
92
92
90
95:7

Stop could also decay in a four-body decay mediated
by virtual chargino and W or virtual chargino and sfermion
to t~1 ! b~01 f f0 . The presence of jets, b-jets, leptons and
missing energy is the signature for this decay. A multi-jet
analysis was performed at ALEPH [4] that was combined
with the acoplanar jet analysis (two body decay). This
allows constraints to be set under the more general hypothesis that both the t~1 ! b~01 f f0 and t~1 ! c~01 decay
channels contribute to that stop decay and the results are
shown in Figure 2.
An Rp violating analysis was performed with 106 pb 1
of CDF Run I data. It was assumed stops are pair produced and then decay t~1 ! b , with one of the  's sequentially decaying hadronically and the second leptonically. A
stop upper mass limit of 122 GeV=c2 was set [9].
2.2 Searches for bottom squarks

Sbottom quarks ~b1 are expected to decay into b~01 , yielding
two acoplanar jets and missing energy. Searches in this

decay channel follow an approach similar to the one in
the stop two body decay. In the case of the ~b1 analyses
b-tagging of jets is often required. Figure 3 compares the
limit obtained by OPAL [6] with the CDF Run I [10] limit
(which used b-tagging). ALEPH [4], DELPHI [8], and L3
[5] which used b-tagging obtain exclusion limits similar to
OPAL.
The sbottom pair production cross-section is small compared to the gluino pair production cross-section at hadron
colliders. If the sbottom is lighter than the gluino, the
decay g~ ! ~b1b is expected to be dominant. In a sequential decay the sbottom would then decay to ~b1 ! b~01 .
Sbottom quarks from gluino decays yield a very distinctive signature of 4 b-jets and missing energy. A search
for sbottom quarks from gluino decays was performed
with 38:4 pb 1 of CDF Run II data. In the preselection,
events were selected with three jets (ET > 15 GeV and
jj < 2) and missing transverse energy E6 T > 35 GeV.
Speci c cuts were applied to reduce contributions from
the QCD background. The signal region was de ned by
E6 T > 50 GeV and by vetoing events containing isolated
leptons, to reduce the background from tt, W+jets, and Z
+ jets. In addition, one or two b-tagged jets were required.
b-jets were identi ed using a secondary vertex tagging algorithm. Tracks with large impact parameter were selected
and a vertex tting algorithm was used to reconstruct a
displaced vertex. In the signal region four events were observed with a single b-tag, which is in good agreement with
the predicted SM contribution of 5:6  1:4 events. Similarly, one double b-tag event was observed with 0:5  0:1
expected. No evidence for sbottom quarks from gluino de-
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2.3 Search for long lived particles

The decay width of the stop two body decay t~1 ! c~01

2
OPAL
b→b
is proportional to mt~1 1 m2~0 =m2t~1 . Hence, for the
1
80
nearly mass degenerate case, for m = mt~1 m~01 
θ ∼b = 0.0
6 GeV=c2 the lifetime of the stop becomes sizable and must
be taken into account. If m is so small that t~1 ! c~01 is
60 θ ∼b = 1.17
kinematically closed then t~1 ! u~01 becomes the dominant
decay channel and the stop can be considered stable for
experimental purposes. Searches for stable and metastable
40
hadrons were performed by ALEPH [11] and a lower stop
mass limit of 63 GeV=c2 was obtained. In a search for staCDF
ble squarks DELPHI [12] excluded t~ in the mass range of
20
2 80 GeV=c2 and ~b for the range 5 38 GeV=c2 . A search
for charged massive stable particles was conducted using
0
53 pb 1 CDF Run II data, making use of CDF's time of
80
100
120
140
ight detector [13]. Events were selected with an isolated
∼
m ( b1 ) [ GeV ]
high transverse momentum, a long time of ight, and an
anomalously large ionization energy loss (indication of a
slow moving heavy particle). Seven events were observed
Fig. 3. 95% C.L. excluded regions in the (m~
b1 ,m~01 ) plane aswith 2:9  0:8(stat)  3:1(sys) expected events from SM
0
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2
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to
be
set
on
the
mass
of
a
stable
stop
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Searches for pair production of stop and sbottom quarks
were performed at LEP2 and Tevatron. No evidence for
any such signal was observed. The results of the analyses
were used to set limits on SUSY particles. The most recent
results for stop and sbottom searches have been summarized, but a complete review can not be given here, for
this I refer to the given references.
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