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Results will be presented on a search for charged massigelil@d particles (CMLLPSs) that
are pair produced in p-pbar collisions g&= 1.96 TeV at the DO experiment at the Fermilab
Tevatron collider. This result is a combination of two sé&swhere either one or both CMLLPs
are reconstructed in the detector. Events are selectedmuitin-like particles that have both
speed and ionization energy loss aiix different from muons produced in p-pbar collisions. In
the absence of evidence for CMLLPs in 6.3 #of integrated luminosity, limits are set on the
CMLLP masses in several supersymmetric models, excludiagses below 278 GeV for long-
lived gaugino-like charginos, and masses below 244 GeVoiogived higgsino-like charginos
at the 95% C.L. Limits are also set on the cross section fargraduction of long-lived scalar
tau leptons that range from 0.04 pb to 0.008 pb for scalargjpioh masses of 100 to 300 GeV.
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1. Search for CMLLPs

Several extensions of the standard model (SM) including some SUSY nprddist the exis-
tence of charged massive long-lived particles (CMLLP) [1]. CMLLBsId have color or electric
charge. They may appear as R-hadrons (bound states of squagksnms with SM quarks), as
sleptons, or as charginos. They are relatively slow moving at the collisiemyg of ,/s= 1.96 TeV
and for masses of 100 GeV or greater and have large ionization enssps|@ /dx) due to their
slow speeds. These characteristics are different from other pagiciéi®d at high energy collid-
ers, and thus their identification is simplified by the corresponding small amsbbatkground. In
this study “long-lived” refers to particles that traverse the entire detbetmre decaying.

Searches for CMLLPs were performed previously by the DO, CDF, Cin8 ATLAS collab-
orations [2, 4]. Results on CMLLPs are presented here by combiningralséor pair produced
CMLLPs performed with 1.1 fb! integrated luminosity and an analysis based on 5.2 fhte-
grated luminosity. The second analysis includes searches for either@f @MLLPs or a single
CMLLP signature in an event. To avoid double counting of events, theetatased for the two
search strategies are made statistically independent by removing the eathvihbeen selected
for the search of CMLLP pairs from the dataset used to search fdes@igLLPs. The DO detec-
tor, which is used for these searches is described in detail in [3].

Signal samples with direct production of a pair of CMLLPs of masses rgrfgim 100 GeV
to 300 GeV are simulated using pythia [5] in combination with several theoretiodkls as de-
scribed in [8]. Any source of muons that are not measured correatlyibates to the background.
In the search for a pair of CMLLP2& — uu is the dominant source which is modeled with one
million events containing muons from simulated decayZ @osons using pythia. The dominant
background in the single CMLLP search is muons from the decays of \bhispw/hich is modeled
with data. CMLLPs travel through the DO detector similar to very heavy,gdthmuons. There-
fore, the variables that are most useful in distinguishing between sigddiackground are speed
(B), speed significancég%), dE/dx and & /dx significancd%) whereN is the number
of clusters on a track in the Silicon Microstrip Tracker, an@E /dx)y, is the spread in thefg)/dx
distribution (which is a function dfl;). Figure 1 shows distributions of these four variables for the
highestpt muon in the event. A Boosted Decision Tree (BDT), as implemented in [6], ttase
further discriminate signal events from background events.

The dominant values of systematic errors due to various sources, e.qi, gauesolution,
dE /dx measurement, background normalization are of the order of 2% for simamain sources
for background argpr resolution (11%) and time silumation (9.5%) for pair CMLLP search and
background normalization (7.2%) for single CMLLP search.

2. Results

In the absence of observed signal, 95% C.L. limits are placed using a CL&dndtF
on masses of CMLLPs as 278 GeV for gaugino-like charginos and 244f&ehiggsino-like
charginos. For stau leptons an upper limit of 0.04 pb to 0.008 pb is set omrddaqgbion cross
section for the mass range of 100 to 300 GeV. Combined luminosity used to ti#amresults is
6.3 fbL. Top squarks with masses below 285 GeV are excluded at 95% C.L. witirgechiipping
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Figure 1: (color online) Distributions of (a8 (b)dE/dx (c) speed significance and (dddx significance
of the highest pT muon in the event for charginos of massesG&@ 200 GeV and 300 GeV, data and
Z — pp MC events. The distributions are normalized to the same rummievents.

probability of 38% with 5.2 fb! of data. [8]. Figure 2 (a) and (b) show typical BDT distributions
for the pair and the single CMLLP search respectively. Figure 2 (c)(dhghow the limits for
gaugino-like and higgsino-like charginos respectively.
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Figure 2: (color online) BDT-output distribution for simulated gang-like char gino of 300 GeV mass for
the search for a (a) CMLLP pair (selection requirement onBBg value is shown with a green vertical
line), (b) single CMLLPs. Comb ined limits at 95% C.L. on puation cross sections of a pair of gaugino-
like charginos, and higgsino-like charginos as a functibtiheir masses with 6.3 ft of data collected by
the DO experiment.



