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Abstract.

One of the most striking signature of supersymmetric models with electroweak symmetry break-
ing is the presence of multilepton event topologies in the decay products. In this paper searches
are presented for physics beyond the Standard Model (SM) in final states containing charged lep-
tons from proton-antiproton collision data at a center-of-mass energy of 1.96 TeV, collected with
Run Il CDF and D@ Detectors in 2002-2006, and corresponding to integrated luminosities of up
to 1.1 fb~L. In any of the searches no excess of candidates was observed with respect to the SM
predictions and limits on masses and production cross-sections are set at the 95 % CL.
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INTRODUCTION

Supersymmetric extensions of the Standard Model (SM) provide a consistent frame-
work for gauge unification and stabilisation of electroweak scale [1]. Within the min-
imal supersymmetric extension of the SM model (MSSM) the stability of the Lightest
Supersymmetric Particle (LSP) is ensured by the multiplicatively conserved quantum
number R= (—1)3B+L+25 — 1(—1) for ordinary particles (sparticles), where B,L, S are
the baryon, lepton and spin quantum numbers, respectively. This assumption has phe-
nomenologica consequences. SUSY particles are only pair produced and the LSP in-
teracts weakly with ordinary matter. The description of electroweak symmetry breaking
requires more than 100 parameters, which can be significantly reduced in certain mod-
els. A minimal supergravity model (MSUGRA) with R-parity (Rp) conservation, which
is the framework for many experimental searches at Tevatron, has only 5 free parame-
ters: mo, My /> are the common scalar (Higgs, sleptons and squarks) and gaugino (bino,
wino and gluino) masses, respectively, Ao, the trilinear scalar coupling; tan 3, the ratio
of vev's of two Higgs doublets; sign(u), the Higgs sector mass parameter.

However, neither gauge invariance nor SUSY require Ry, conservation. Allowing R-
parity violation requires 45 extra parameters. The most genera superpotential W =
Wussv +Wrpy contains explicit R-parity violating trilinear (Rp), allowing the LSP to

1 Talk presented at the Aspen Winter ConferenceNew Physicsat the Electroweak Scale and New Signals
at Hadron Colliders, January 8-14 (2007).
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decay into SM particles, and bilinear (BRp) terms|[2]:
1 —_ ! _ 1 [ —
Wkpy = E/lijkLiLjEkJr/lijkLinDkJr E;Lijkui Dj Dx+ uiLiHy (1)

where L and Q are |eft-handed lepton and quark SU (2) doublet superfields, E,U and D
are right-handed |epton and quark singlet superfields and i, j, k indicate flavour indices.
The last term describes the bilinear interactions between left-handed lepton and Higgs
superfield. It is also assumed that Rp couplings are small compared to gauge strength
and have a negligible effect on the Renormalization Group Equations (RGE) and on the
running of the soft-supersymmetry breaking parameters and lepton Yukawa coupling.

Anoverview of several key multilepton signatures at Tevatron, followed by the exper-
imental results of SUSY searches both in Rp-conserving and Rp scenarios are presented
in this paper. Finally, “signature-based” searches are discussed.

MULTILEPTON SIGNALSFROM SUPERSYMMETRY

L eptons represent the most powerful discriminating signatures at hadron colliders. De-
spite the fact that leptonic branching ratios are not always favourable, multilepton sig-
nals of new physics can become competitive to the SM backgrounds for a wide range
of the SUSY parameter space of masses and couplings. In the following, we would like
to discuss few distinctive multilepton signatures, which might yield evidence for super-
symmetric particle production at Tevatron, as luminosity increases.

Table 1. Example of SUSY Multilepton Signatures at Tevatron in R-parity (Rp) Conserving and R-
parity Violating (Rp) Scenarios. Different decay modes between the 0, lr and G, Gr are not shown.
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Charginos and Neutralinos. At Tevatron, charginos and neutralinos can be pair
produced viatheir electroweak couplings to the gauge bosons (y,W, Z) in the s-channel



and to squarksin the (t, u)-channel of gg annihilation (see Fig. 1). The production cross
section is not only afunction of chargino and neutralino masses but depends strongly on
the gaugino-higgsino model-dependent mixing and the squark masses. In most regions
of MSUGRA parameter space, masses of x‘i ,and Zf and gluino behave gaugino-like,
i.e depend on my,. Analytical expressions for the squark (§) and slepton (/) mass
parameters can be obtained when the corresponding Yukawa couplings are negligible.
For small values of tan 3, masses of § and ¢ depend both on mg and my /5.
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Figurel. Feynman diagramsfor associated %2%;" production at leading order in electroweak &channel
(a,b) and t-channel (c,d) reactions of a quark and anti-quark and subsequent decays via sleptons (a,c) or
viavector bosons (b,d). The xf isassumed to bethe LSP in mSUGRA.

In Rp-conserving scenario, one of the most promising channels for SUSY searches
isthe trilepton signature arising from the chargl no- neutral ino production (pb — xl xg)
with subsequent leptonic decays (7i — 72¢v, 79 — x¢¢). The overal 778 — 3¢
detection efficiency depends on the relative contribution from the / and W /Z-exchange
graphs, which variesasafunction of m;. At Iarge valuesof mp (Mg ~ 1 TeV) septonsare
heavy, thus slepton mediated diagrams of 0/% %1 are suppressed, and gauginos decay to
trilepton final states dominantly via real (at large my ) or virtual (small my ) W/Z-
boson exchange (seeFig. 1 (b,d)). Asthemy decreaseﬁ theslepton masses al so decrease
and the j; =% xz decays via virtual sleptons (3-body decay xz — 00— xlﬁﬁ) become
maximally enhanced at mp ~ 100 GeV (my /2 ~ 200 GeV). For even lower values of my
(my <my /2/ 2) deptons are Ilghter than 3 / xz and gaugino dominantly decays to the
on-shell sleptons (2 body decay — M) asshowninFig. 1 (a,c). If charginos (xl ») and
neutralinos (xz,& 4) a@e not too heavy (low my,) they can contribute to the multilepton
signatures (at low mo) via ¥9%9, %923, X %3, %5 %3 production (see Table 1).
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Figure 2. Representative diagrams for the R-parity violating (Rp) decays of ;Zf (assumed as LSP) via
LLE couplings: (a) A121 and (b) A12». Example of resonant smuon production and decay via ),éllLQﬁ
coupling (c).

The popular Rp-conserving scenario assumes that the LSP is stable and neutral (for
cosmological reasons) and therefore escapes detection in the experiment. This picture
changes dramatically with |R,. The LSP is no longer stable and carries away transverse
energy, and the £ signal, which is the mainstay of SUSY searches in Ryp-conserving
models, is greatly degraded. A fundamental Rp interaction could mediate the decay of



any chargino or neutralino?, asillustrated in Fig. 2 (a,b) for ;Zf, thus converting the Rp
signa ;Zf ;”(S — 3¢ into final state with up to seven charged leptons. Even when R, con-
serving leptonic decays of )”cli ;zg are suppressed at least 4 leptons can still be present
in Rp-decay via A-coupling. Furthermore, Rp multilepton signals can also appear from
@GS — 7dvv), 7570, i xT channels, that give no Ry, trileptons. The actual multi-
plicity of observed |eptons depends on the exact R, scenario®, the experimental thresh-
olds and angular acceptances, in general, leading to high visibility of the multilepton
signas. The presence of bilinear BRp coupling can generate neutrino masses, in agree-
ment with the atmospheric neutrino data, and to enhance SUSY multilepton signals,
especialy at moderate and large mg [3].

Stop Quarks. Squarks of the 3'9 generation deserve a special attention, since due to
the impact of the large top Yukawa coupling on the RGE the stop mass drops to the
lowest value in the squark spectrum. Moreover, the top quark eigenstates in the weak
bases f, and fr will strongly mix due to the large m, leading to a small mass value of
f1 possibly much lighter than other squarks. At hadron colliders, the cross sections for
the production of alight scalar top pairs gg/qq — f1f1 depend essentially only on the M,
and very little on the other SUSY parameters (i.e. mg, mg and the mixing anglein the top
squark sector), which affect only the higher-order corrections. The Tevatron lower limits
on mg are derived assuming ten degenerate squark flavours and not applicableto ;.

Figure 3. (&) Feynman diagram for squark/gluino production with subsequent decays leading to 3
leptons, jetsand E  final state. (b) Example of the f; decay to lepton and sneutrino, via virtual gaugino.
When the 3-body decay into b¢ ¥ is kinematically allowed, the subsequent invisible decay of ¥ — v? has
no influence on kinematics.

The signals from top squark f; at colliders depend on its decay pattern. The most
explored signature for alight stop t; production at Tevatron is aloop-induced and flavor-
changing decay: f; — c%?, when the main tree-level diagramsf; — by (f1 — t%?) for
medium (heavy) stop quarks are kinematically forbidden [4]. However, recent studies
also favour 3-body decays f1 — t*(x?) — bW and f — b(¥{)* — blv,bev, and,
if kinematically not allowed, even 4-body decay f; — bﬂvg}f [5]. The later mode is
mediated by virtual chargino and is the same order of perturbation theory as the loop-

2 For sparticles other than the LSP, the Rp decays will in general compete with Rp-conserving “ cascade
decays’ initiated by gauge interactions.

3 The results are very model dependent, owing to the large parameter space in the Rp sector. While LSP
decaysvialL-violating Rp (A, 1")-terms give rise to multilepton and lepton+jetsfinal states, the xf decays
viaR, 2" -coupling lead to the QCD muiltijet final states, difficult to access at hadron colliders.



induced f; — c7? decay, i.e O(a:®). The 3-body f; — b/ decay might be favoured over
f1 — bwz? and f; — b/v* dueto the relatively weak constraint on the sneutrino mass at

LEP my; > 45 GeV [6]. The experimental signature for the 3-body f1t; decay, viavirtual
gauginos, is 2¢+2b-jets+i  (see Fig. 3 (b)), assuming R-parity conservation. Thismode
can even dominate at Tevatron for mg, < 200 GeV if charginos and sleptons masses are
not too much larger than their present experimental bounds|[7].

Gluinos and Squarks. At Tevatron, heavy gluinos (§) and squarks (§), produced via
their SJ(3). coupling to quarks and gluons, tend to decay via sequence of cascades
through charginos (;Zli) and neutralinos (;29) modes which, unless suppressed by phase
space, frequently dominate the Rp-conserving decays of G and §. The subsequent
leptonic decays of ;Zli and 73 yield events with hard jets accompanied by 1-3 isolated
leptons and E + (see Fig. 3 (8)). The kinematics of signal events is usually harder than
that of SM backgrounds for large squark-gluino masses®. In contrast, the difference in
the lepton momenta might be not very pronounced as signal leptons are produced far
down in cascade decay chain, thusloosing “memory” about the hardness of the original
process. While there are substantial backgrounds from W+jet and QCD multijet to /
topology, the physics backgrounds in the ¢+ ¢~, ¢*¢* 8 and 3¢ channels can be better
controlled, so that these searches are essentially rate limited. The experimental signature
(> 20)+jetstE + provide a complimentary ways to search for gluinos and sguarks at
Tevatron to the classic £ + +multijet signatures.

Sleptons. Charged sleptons and sneutrinos can be pair produced at hadron colliders
viathe Drell-Yan mechanism pp — Z* /v* — /¢ and can be detected through the slepton
decays £ — ¢79 in aclean ¢4~ + E final states. This channel have received rather
limited attention at Tevatron due to the smallness of cross section: ¢ (#£) ~ 10— 50 fb
for m; ~ 100 GeV. Untangling a few slepton events from the major WW, Z/y* would be
very difficult, since the SM contributions is at least few times larger than the expected
SUSY signal. This makes unlikely for Tevatron to detect sleptons in Ry conserving
scenarios beyond the range of LEP [6]. In Rp models, slepton and sneutrino resonant

production occurs through the new )Li'jk interactions. Tevatron data allows a search for a
single slepton production over a considerable range of masses and for /li'j « values down
to 102 (see Fig. 2 (C)).

Signature-based Searches. Motivated by the detection of the CDF Run | eeyy# ;
event (on a background of < 107%), a uuyyjj event (on a background of < 10~°)
and 2.7 sigma excess above the SM predictionsin the /yE | final state [8], “signature-
based” inclusive searches became an important experimental method at Tevatron. In
particular, model-independent anomalous production of £y+X (LY 1, yYE 1 ,Lyy,tLy)
events, expected in gause-mediated models of supersymmetry or in the production of
excited leptons, can be sensitive to any new physics beyond the SM.

4 At small tanf, decays into sneutrino are more important than into charged sleptons as a result of
different spin structure of corresponding matrix elements[7].

5 The pr of primary jetsand £+ are expected to scale with mg and my.

6 Gluino pair productionisacopious sourceof like-sign dilepton pairs. Since gluinoisaMajoranaparticle
it decays with the same probability into chargino of either sign.



SUSY SEARCHESWITH R-PARITY CONSERVATION

Both CDF and D@ have exploited the classical SUSY trllepton sgnature coming from
pp — i %3 pair production followed by 7 — 79¢*v and 78 — 79¢¢ decays, with
hadronic activity coming only from QCD radiation. Common challengesfor analysisare
the estimation of the third |epton misidentification probability and conversion modelling.

D@ has searched for the 3¢ + E + final state in 6 different analyses, including those
with hadronic © decays (thaq), listed in Table 2 [9, 10]. While very few SM processes
contribute to the trilepton signature, the leptons from ;zli;zg can be very soft, requir-
ing efficient lepton identification and multilepton triggering at low pt’. The analysis

strategy is to require two isolated leptons (¢ = e, U, Thag) With pg1 25 12 (8) GeV
satisfying analysis dependent topological cuts and the presence of large missing E ¢ in
the event. In all the channels the dilepton invariant mass must be in excess of 15-25
GeV to suppress QCD, J/y, Y and Wy* contributions and be away from the Z-mass
region. tt background is discriminated by vetoing events with large jet activity, while
bb/ct leptons carry low pr and appear non-isolated in calorimeter. To minimise lepton
identification inefficiencies at low pr, the third lepton is reconstructed as an isolated,
high-quality track with p?’ > 3—5 GeV originating from the same vertex as the two
identified leptons 8. The track (calorimeter) isolation for the third track is designed to
be efficient for all lepton flavours (¢ = e, i, Thaq). Alternatively, the three-lepton modeis
relaxed to asame-sign u* u* selection, where SM background islow enough. The dom-
inant irreducible background consists of WZ /ZZ associated production with subsequent
leptonic decays of gauge bosons. The magjor SM backgrounds remaining after selection
cuts are due to W+jet/y, Z/y* and WW pair production, where the light (u,d, s)-quark
jets and/or photon conversions are misidentified as | eptons.

Table 2. Number of observed data events, compared to the number of events expected from SM
background processes, for different CDF and D@ final states. The luminosity used is also given.

Lint Lint

D@ Analysis (fb~!) Data SM bkg CDF Analysis (fb~1) Data  SM bkg
ee + track 1.1 0 0.82+0.66 | etet, eyt utu* 1.0 7.941.3 13
eu + track 0.3 0 0.31+0.13 | uu +e/u low-pt 1.0 0.4+0.1 1
uu + track 0.3 2 1.75+0.57 | ee+track 1.0 0.97+0.3 3
putpt 0.9 1 11404 | e+e/ute/u 1.0 0.73+0.1 0
€Thag +track 0.3 0 0.58+0.14 | uu+e/u high-pt  0.75 0.64+0.2 1
UThad +track 0.3 1 0.36+0.13 | ue+e/u 0.75 0.78+0.1 0

No evidence for the supersymmetry has been observed in any of D@ analysis. The
SUSY expectations were optimized for 3-body decaysviavirtual ¢/* (;Z =0 — xla)

which are enhanced for My0, Mo < m; (Mg ~ 90— 130 GeV, my , ~ 170 — 220 GeV).

D@ observed limits for the combination of ee+track, eu+track, uu + track and u*u™*
channels are presented in Fig. 4: (a) asafunction of the ;”Cli mass and (b) of the mass dif-

7 D@ uses combination of single lepton, lepton+track and dilepton triggers to select data events.
8 Relaxing the third lepton requirement to an isolated low-p track aso increases the sensitivity of the
search to 7 lepton decays, whose contribution becomes dominant at large tan 3 scenarios.
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Figure 4. D@ observed limits on o(79%i) x BR(3¢) in comparison with the expectation for several
SUSY scenarioswith degeneratesl epton masses, no slepton mixing, Ag = 0andtan 8 = 3: (a) asafunction
of chargino mass (y; ) in the 3-body decay region and (b) as a function of the slepton-neutralino ( /- xg)
mass difference for My = 104 GeV and Mo = 108 GeV. PDF and renormalisation/factorisation scale

uncertainties are shown as shaded bands. The limits are compared with the predictions of three MSSM
benchmark scenarios. “heavy squarks’, “3¢-max” and “large-mg” (see text).
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ference Am=my;—m 9 . Assuming the mSUGRA -inspired mass relation Mg & Myg &

2m; 570, the limit on G(%Z %i) x BR(3¢) can be compared with predictions from three
SUSY benchmark scenarios (see Fig. 4). W/Z exchange is dominant at large m; (mg)
masses, obtained by raising mgp to the TeV scale and assuming scalar mass unification.
Thisresultsin small BR( ;”Cli %3 — 3¢), set by W/Z branching ratio into leptons, and does
not allow any mass limit to be placed (“large mg” scenario). The trilepton final states
are maximally enhanced for £*-mediated 3-body decays (BR(7i %5 — 3¢) ~ 30%) for
My9, My < My (*3(-max” scenario). The %79 production cross section is maximal
for the “heavy-squark scenario”, when destructive interference between s and t chan-
nels is suppressed due to the heavy squark masses. This scenario is realized by relax-
ing scalar mass unification, when squarks are assumed to be heavy while sleptons re-
main light. D@ limits exclude My < 140 GeV for o x BR~ 0.07 pb in “3/-max” and
Mg < 155 GeV for 0 x BR~ 0. 07 pb in “heavy-squark” scenarios.

Startlng from “3 /-max” and “heavy squark” benchmark points with mili(ng) =
104(108) GeV, o(79%1) x BR(3¢) is scanned as a function of the slepton mass, as-
suming no Z-mixing. The contribution of #*-mediated 3-body decays increases for both
scenarios with decreasing Am=m; — Mo > 0, resulting in alarger SUSY trilepton cross
section. For mass-degenerated l and i, o x BR vanishes since the phase space for the /
and on-shell 7 is very small and %9 — vv? decay dominates. The trilepton branching

ratio is further enhanced when 2-body decays viaon-shell Z (39 — 2¢ — 79¢¢) dominate

9 Adding T-leptons (€+ Thad + £ and L + Thad + ¢ analysis) was found to improve limits by ~ 10 % for
low tan 8 = 3. For large values of tan 3, the T becomesthe lightest slepton increasing the branching ratios
to final stateswith 3 7's. The smaller m; also leads to alower Tyog transverse momentain the final state.



MSSM: tanB=3, u>0, M(x3)~M(x5)~2M(x2); no slepton mixing
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Figure 5. (@) CDF expected and observed limits as a function of chargino mass (;”gf) in the MSSM
with degenerate slepton masses and the slepton mixing off. (b) D@ exclusion domains at 95 % CL in the
(mg,, my) plane for the combination of ey and pu analysis, within the framework of general MSSM. The
results are al'so compared to the LEP I, LEP Il and Tevatron Run | exclusion limits [13].

atm; — myo < 0. For m; — myo < 6 GeV one of the leptons from ;zg have avery low pr
and only u* u* analysis remains sensitivein this region.

CDF has also completed a search in 3¢+ £ signature in different final states de-
pending on the leptons flavour and trigger requirements [11]. Events were selected ei-
ther with high-pT single lepton trigger (indicated as “high pt”) requiring alepton with
pr > 18 GeV, or dilepton trigger (“low pt”) requiring two leptons with pt > 4 GeV.
Three analysis (ete*, e u*, u™ u*) were based on inclusive “high pr” trigger and of-
fline requirement that the two most energetic leptons are likesing with p4 > 20(10) GeV.
To increase acceptance for low pr tracks the presence of the third lepton was not re-
quired in £*¢* events. The uu +e/u final state was selected both with “high pt” and
“low pr” triggers. In the former case two offline muonswith pX#? > 20(5) GeV were
selected, while in the later case both muons were required to have p4#? > 5 GeV. Fi-
nally, athird electron(muon) with p§ > 5 GeV was also required. Other trilepton chan-
nels were based on inclusive “high pr” trigger. The e+ e/u + e/u analysis required
one electron with p¢ > 20 GeV, second eectron(muon) with pf > 8 GeV and third
electron(muon) with p-‘} > 5 GeV. The eet+track channel required two isolated elec-

trons with p?l(ez) > 15 (5) GeV and an isolated track with pt > 4 GeV. Additional cut
included missing transverse energy E > 15— 20 GeV, depending on the final states.
Kinematic control region were established to investigate the correct understanding of the
SM backgrounds; whereas the signal region results were studied only at the end. After
requiring channel dependent selection criteria the observed data events agree with SM
predictions within the errors, as shown in Table 2.

Inthe MSSM scenario withtan 8 = 3, Ag = 0 and mp = 60 GeV, my , ranging between
162 and 230 GeV and without slepton mixing (BR( ;"% — 3¢) ~ 60%), CDF excludes
Mg < 130 GeV for o x BR~ 0.25 pb, as shown in Fig. 5 (8). The expected limit is



Mg < 160 GeV for 0 x BR~ 0.1 pb. The observed limit is approximately 2o away

from the expected limit, which refl ects the excess of the number of observed eventsw.r.t
the number of expected ones from SM background.

D@ aso searched for pp — fif1 production followed by a three-body decay via a
virtual chargino: fi — b(Z;)* — bev,* with either v or 79 being the LSP [12]. In Ry-
conserving scenario, the experimental signature of fify decays is 2/ 4 2b-quarks+E T
very similar to those expected from tt production (see Fig. 3 (b)). While the top squark
production is fixed by QCD in terms of my,, its decay topology is solely determined
by my, and m;;. D@ has studied ey and pu final states. To maximise sensitivity closeto

kinematic boundary, eventswith leptonstransverse momenta p“ 12 8(6) GeV for the

u*u and pT S 12(8) GeV for thee* uT channels, £+ >15-20 GeV and satysfying
analysis dependent topological cuts were selected. After all selection criteria the maor
SM backgrounds are tt and WW in eu and tt in uu fina states. Since stop quarks
accessible at Tevatron are lighter than m; and because the chargino, unlike W, decays
via three-body mode into a massive L SP, stop signatures are generally softer than top

events. Therefore, shapes of the topological variable Sy = p$ + pi + E 1 for different

Am = my, —my regions and of the scalar sum of jet transverse energies H = =pi**

were used to discriminate between f;f; signal and the SM background at the last analysis
stage of the eu and uu analysis. No deviation from SM expectations were observed in
~ 350 pb~! of data. Assuming lepton universality, eu and up analysis were combined
to exclude f; and v masses in the framework of general MSSM. The resulting plot is
shown in Fig. 5 (b) in the (mg,,my) plane, assuming 3-body decay f; — b(f(li)* — bév.
The right edge of the exclusion contour drops at m;, ~ 175 GeV due to the falling cross
section. This edge is limited by luminosity, and additional data will push the contour
to slightly higher f; masses. Because of lower pr lepton requirements, a significant
extension of the exclusion limit is achieved at small mg, — my value. ™t

SUSY SEARCHESWITH R-PARITY VIOLATION

The search strategy for Rp at Tevatron depends on the absolute value of Yukawa cou-
plings A (Aijik, Ak A1 ji) and the relative strength of the R, and gauge interactions. The
small Rp couplings'?, compared to el ectroweak interactions, are mostly to be felt through
the decay of sparticles, otherwise pair produced viagauge couplings. Thelarger Rp value

could manifest itself in aresonant production of asingle slepton or squark. In Rp scenar-
ios dueto the trilinear terms, the SUSY particles are assumed to decay into SM particles

10 The BR(7;™ — btV) is assumed to be 100 % and the Slepton parameters has been set to obtain equal

branching ratios into al lepton flavours.

11 The gap between the kinematic boundary and the left contour edge for low mg¢, —my, value reflects the
impact of £+ and lepton pr cuts.

12 For typical A values0.001 < A < 0.01, Rp interactionsintroduces negligible changesin production and
decay of SUSY particles, and the LSP is forced to decay within 1 cm from primary vertex (A > 0.001).



viaasingle (dominant) R, coupling.

CDF and D@ haveinvestigated Ry,-conserving gaugino pair production (3 %3, 71 x7),
where the produced supersymmetric particles decays into the LSP (assumed to be 55‘13),
with R, manifesting itself in 79 decay only®® [14, 15]. The decay patterns of the LSP
depend on structure of R, interactions. In particular, if explicit R, occurs through LiL iEx
terms the 79 decays via 79 — ueve,eevy (Miz1 # 0), 2 — ppve, uevy (Aiz # 0)
and 79 — etvy, 7Tve(A133 # 0) into neutrino and two charged leptons that may have
different flavours (see Fig. 2). As the 79 can be relatively light (the LEP lower mass
limit Mo > 50 GeV for tanf3 = 5 [2]), the leptons from its decay can have low pr.
Therefore to enhance the signal sensitivity CDF and D@ select events with at least
3 leptons (electrons or muons) to probe 4121 and A122. In order for this search to be
as model independent as possible, no jet veto and only weak E , A¢(¢¢) cuts and
A¢ (£, 1) are applied to remove instrumental background and cosmic rays. This make
thisanalysis sensitive to any new physicsin multilepton final state. D@ has also studied

A3z termin the final state with two electrons and thaq. The dominant SM backgrounds
aresimilar to the Rp analysis. In summary, no evidence for Rp-SUSY has been found.

Table3. D@ and CDF lower limitsat the 95 % CL onthe 79 and ;" masses obtained in the mSUGRA
inspired model. To increase the sensitivity D@ combines eel, u ¢ and eethag channelsfor each A;jk.

D@ (mp=1TeV) mzo (GeV) M (GeV) | CDF (mp =250 GeV) mzo (GeV) M (GeV)

Ao 121 234 A121 101 185
Ao 119 230 A122 110 203
A133 87 167

Table 3 summarises D@ (CDF) lower mass limits obtained in the mSUGRA frame-
work for mg = 1 TeV¥* (mg = 250 GeV), u > 0, tanf3 = 5, Ag = O for each of the
three A121, A122, A133 couplings. D@ also set limitsfor A133 at small mg = 100 GeV and
tanf3 ~ 20, where the stau is the next-to-lightest supersymmetric particle, excluding
chargino (neutralino) mass below 217 (115) GeV. Findly, Fig. 6 (left) shows D@ exclu-
sion domain in the (%9, ;") mass plane in the MSSM scenario with heavy sfermions
but assuming no GUT-relation between M1 and M. The cut-off at low ;21 masses
mzo > 30 (50) GeV for A121, 4122 (A133) is due to the loss of efficiency, coming from
the combined effect of the coupling strength and the LSP decay length, required to be
less than 1 cm. All limits significantly improve previous results obtained at LEP and at
Tevatron Run | and the most restrictive to date.

D@ has searched for a resonant production of single sleptons (fi or v,) via non-

2er0 2,1, LQD coupling: o — i (V) = 79,341 (ZaoK) — uudq (see Fig. 2 (c)),
assuming that it is large enough that the Rp decay of the LSP does not produce a

131t is natural to assume a hierarchy of interactions, in which Rp coupling Ajjk is small compared to
electroweak gauge couplings; then R-parity approximately holdsin decays of the heavier gauginosand R p
manifestsitself in the otherwise forbidden decay of the LSP (assumed to be 9 in mSUGRA).

14 my = 1 TeV correspondsto heavy sleptons, therefore exclusion limits are valid for any slepton mass.
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Figure6. (a) DD exclusiondomainsatthe95% CL in the(;”gl,;”gli) mass plane within the MSSM model
for the 4121, A122, 4133 couplings (indices refer to lepton families). (b) DG exclusion contour at the 95 %
CL on Ay, couplings within the mSUGRA framework for tan8 = 5, < 0,A¢ = 0. The arrows indicate

limits on the slepton mass 7, for a given coupling A, .

displaced vertex [16]. At hadron colliders, due to the continuos energy distribution of
the colliding partons, the resonance can be probed in a wide mass range of sparticle

masses. The A.,, coupling corresponds to the first generation of colliding partonsand is

not severely constrained by low energy experiments A,,, < 0.059- mg/100 GeV, since
Mg can exceed 1 TeV for thefirst family [17]. The event topology searched is 2 isolated

muons with pk > 15 (8) GeV, respectively and 2 jets p’Tet > 15 GeV. Using the next-
to-leading muon and two leading jets the ;Zf mass is reconstructed, while a peak in
the invariant mass of the two leading muons and all found jets indicates the presence
of slepton. No excess above the SM background was found in 375 pb~1 of data. Since
o (f) o (/léll)z, alower mass limitson the resonant slepton production is set with respect
to the coupling strength A.,,; . Slepton masses below 210 (363) GeV are excluded for A,
= 0.04 (0.10), independent of other masses (see Fig. 6 (b)).

SIGNATURE-BASED SEARCHES

CDF performed “signature-based” searches for anomal ous production of events contain-
ing £y+X, which are rare SM processes [18, 19].

An inclusive 2/y+X sample was selected by requiring a central photon with E%’ >
25 GeV and acentral e, u with E% > 25 GeV. The additional lepton was required to be
E% > 20 GeV. The dominant SM sources of /¢y events are electroweak Z/y* production
along with y radiated from one of the charged particles involved in the process. The 53
eey and 21 puy were selected in 929 pb—1 of data, in agreement with SM expectations
of 39.0+4.8 and 26.0+3.1, respectively. No euy events were observed for an expected
SM background of 1.01+0.33. Fig. 7 showsthe distributionsof E  for the uuy and eey
subsamples of the /¢y sample. No excess of //y events with anomalous large Et or with
multiple photons were observed in CDF Run Il data.
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Figure7. Thedistributionsof [£ + in multilepton+photon inclusive searches: (a) puy and (b) eey. The
histograms show the expected SM background. In the ¢/y + X sample with E > 25 GeV 3 events
observed for the SM expectation of 0.61-0.1 events.

SUMMARY AND OUTLOOK

CDF and D@ limitsin multilepton final states presented in this paper, and based on the
luminosities between 350 and 1100 pb—1, have significantly improved Tevatron Run |
and LEP 11 results over the large regions of SUSY parameter space [19, 20]. By the end
of 2006, both experiments have already collected 2 fb—1 of data, which givesan opportu-
nity to significantly extend searchesfor new physicsbeyond the SM. In particul ar, recent
x? analysis based on the present experimental results of the my, sin®@e;+, (g— 2), and
BR(b — sy) favour relatively small chargino mass Mgs ~ 200 GeV [21], which might

be within the reach of Tevatron Run |1, depending on SUSY scenario.
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