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Abstract. In this paperl presentthe mostrecentresultsof the ongoingsearchesmainly from
Tevatron Collider experimentsfor new physicsbeyond the StandardModel. While no signalhas
beenseensofar, mary analysesrereachinghe pointin which eithera discovery will take placeor
stronglimit on currentlypopulartheorieswill beset.
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INTRODUCTION

The standardmodel of elementaryparticlesand fundamentalinteractions(from now
on Standardviodel or SM) hasbeenvery successfulto describethe subnucleaworld.
Given this succesone would wonderwhy shouldwe look at any theory beyond the
standardnodel(BSM) atall. Thereareseveraltheory oriented answergo this question,
from the hyerarchyproblemto the stability of the Higgs sector to the number of
generationsjust to namea few. In my view, however, mostimportantare somehints
of openquestionsWhat is the natureof the Cold Dark Matter (now that we have an
indirect cosmologicalproof of its existence).Why neutrinoshave masses?s therea
unificationof the couplingconstantdeforethe PlanckscaleFinally, while the SM has
beensuccesfuive still donothave awayto marryquantuntheorywith gravity, let alone
to unify gravity with the otherinteractions.

An optimal placeto look for new phenomenas the enegy frontier which, at the
moment,is exploredby the experimentsH1 andZEUS atthe HERA collider at DESY
nearHamhurg [1], whereprotonandelectron(or positron)collide at /s = 320 GeV/&
andat the Tevatron(experimentsCDF and D0) whereprotonandantiprotoncollide at
the highestenepgy (1.96 TeV) currently available [2]. In the nearfuture that frontier
will be throughly explored by the LHC, currently being built at CERN. Most of the
resultspresentedvere obtainedat the Tevatronwherethe goal of 1 fo~1 deliveredper
experimentwvasexceededn May 2005.Currentscenariopredictbetweerd and8 fb —1
delivered(perexperiment)oy 2009.

This exploration physicsproceedsnainly throughcomparisorof datawith SM ex-
pectationsAs New Physics (NP) is anything which is beyond the standardmodel, the
bestexperimentalvay to look for it in amodelindependenivay is to selectobsenables
that canbe affectedby NP andthencomparemeasurementwith SM expectationslt
takesa lot of ingenuitybut it alsoimplies thatin thosesearchesve will be studying
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FIGURE 1. Summaryof SM Higgssearchegtthe Tevatron.Summer2005.

familiar physicsobjects.Hadronicjets, chagedandneutralleptonsarethe basictool.
Throughthis paper unlessotherwiseindicated, 95 % C.L. limits will bereported.

FROM THE STANDARD MODEL TO BEYOND

Although testedto a very good accuray, the SM is incompleteasthe Higgs particle,
a cornerstonef the theory hasnot beendiscovered.The bestlimit for its massafree
parameteof the theory M,, > 1144 GeV /c?, is dueto the LEP experiments At this
massthe Higgs decaysnto two b quarksmostof thetime. At the momentthe huntfor
Higgstakesplaceat the Tevatron,wheremostof the productioncrosssectionis via gg
fusion(o ~ 0.8 pbattheLEP limit). At low Higgsmasse¢M,, < 130 140GeV/@) the
signalis swampedby the muchlarger heavy flavour production.Froman experimental
pointof view, atlow masstheassociategroductionof vectorboson(W or Z) to Higgs
(0 ~ 0.2+ 0.1 pb) hasa cleansignatureanda betterS/B ratio.

CDF and DO searchedor the SM Higgsin a large massrange,exploiting different
channelsThe negative searcheganbe summarizedn a singleplot (seefig. 1) where
recentresultsobtainedwith 300+ 400pb~—t areshawn [4].

1 In thefollowing we will useMET for Missing Trans\erseEneny.
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FIGURE 2. CDFlimit for MSSM neutralHiggs A (positive u case).

SUSY SEARCHES

The scalamatureof the Higgs particlebringsitself sometechnicalproblemsto the SM.
Its massgets large correctionswhich must cancelout. Over the yearsthis problem
hasbeentackledin mary ways,the mostpopularsolution beingthe SuperSymmetry
(SUSY). The idea, borronved from the particle-antiparticlesymmetry is that thereis
shadaev world of (super)particles-or ary fermionascalapartnemwould exist, while for
eachspin 0,1 particlea (s)fermionwould exist [3]. Clearly the symmetryis broken,as
we do not have seenary sparticle.The natureof SUSY breakingis unknovn, andthere
areseveralpossiblescenariosHowever, all of thempredictanenlagedHiggssector(the
singleHiggsdoubletof the SMis replacedy two). Also, in mostmodelstheassumption
is that quantityR = (—1)3(B-Y+25 js consered. Thatimpliesthatin the final statethe
lightest supersymmetrigarticle (LSP) will escapedetectionleaving a typical v-like
signatureof missingenepgy. SUSY is stronglyconstrainedy the (negative) findingsof
the LEP experimentsMasse®f thesparticlearelargethereforecurrently thebestplace
to look for SUSY is the Tevatronwheretypical crosssectionsare O(1) ph. Dueto the
unknavn natureof the symmetrybreakingmechanismthe analysesre(mostly)aimed
to specificchannels/breakingechanisms.

MSSM Higgs

In the minimal supersymmetrienodel(MSSM), Higgs productioncanbe enhanced,
with respecto the SM casefor largetanf (wheretanf is theratio of thev.e.vof thetwo
Higgsdoublets) Therearefive Higgs particlesin themodel(h, H, A andH*), whereh
andH indicatealight (heary) neutralHiggsandA aneutralpseudoscalam this model
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TABLE 1. DO searctfor chaginoin trileptonchanneld.indicatesan high P isolatedtrack.

ed pul QU eul utl ertl
Expec.back. 0.21+0.12 1.75+0.57 0.66+0.37 0.31+0.13 0.36+0.13 0.58+0.14
Obs. 0 2 1 0 1 0
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FIGURE 3. DO limit for chaginomassfrom trileptonssearches.

thebranchingfractionfor H — 117 channelcanbe aslargeas~ 8 %. CDF developeda
T identificationalgorithmwhichyieldedanH — 11 globalefficiengy of about0.5% for

the 1, Th decaychannelherel indicatesan e or u. Exploiting its datasebf 310 pb1

CDF searchedor the h(or H) and A particle (producedby gg or qq) decayinginto T

pairs.They found 236 eventswhere263+ 30.1werepredicted5]. The negative search
is translatednto a limit setwithin the frameavork of the MSSM (seefig. 2)). With 1

fb~1 or more,CDF expectsto be ableto exploretheregion down to tan ~ 30+ 40 for

m, > 120GeV /c? asshawvnin fig. 2.

Chargino and neutralino searches

Exploiting the large productioncrosssectionfor chagino and neutralinoassociated
production pothexperimentgperformedseseralsearchesThegoldenchanneis theone
in which thereare threechaged leptonsin the final states,associatedo the presence
of large missingE; (signatureof the LSP escapingletection).Thelow backgroundand
easytriggeringon this channels someavhatbalancedy the needfor goodacceptance.

DO searchednto six differentchannelgseetah 1) in 320 pb 1. SM backgrounds
differentfrom channelto channel,mostly due to misendifiedleptonsandto diboson
production.The negative result (4 eventsobsered where 3.85+0.75 are expected)is
convertedinto limits in the framavork of a specificmSUGRASscenaridlight sleptons,
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FIGURE 4. CombinedCDF/D0chaginomasdimit in GMSB model.

low m,) andyield alimit for MX* > 117GeV/& (seefig. 3)

In GaugeMediatedSUSY Breaking(GMSB) models gravitino becomesheLSPand
neutralinobecomeghe next LSP (NSLP). Thereforeneutralinodecaysinto gravitino-
y. For shortneutralinolifetimes the experimentalsignatureis a final statewith 2 high
E; y andMET. CDF searche@®00 pb~1 for eventswith MET> 45 GeV and2 ys with
E; > 13GeV DO looked into 263 pb~1 for eventswith MET> 40 GeV and 2y with
E; > 20 GeV. Both searchegave a negative result,andthe combinedlimit is setata
chagino massof 209 GeV/c (seefig. 4) [6].

Gluino and Squarks

Decaysof § and{ at the Tevatronproducemultijet eventswith missingenegy. Both
experimentdookedfor eventswith suchtopologiesDO0 searcHor § and§ wasoptimized
as different regions of the § — § massplane were explored by using three different
subsamplesgividedaccordingto the numberof jetsandusingH; cutto reducemultijet
backgroundDi-jet events(H; > 250GeVandMET>175GeV)wereselectedo search
in the region my > my. Threejet eventswith Hy > 325 GeV and MET>100 GeV to
covertheregion Mg ~ My andfinally four jetevents(H; > 250GeV, MET> 75GeV)to
covertheregionmy > my. After optimizingtheselectiorto reducemultijet background,
thefinal resultsarethefollowing:12eventsfoundwherel2.8 4+ 5.4 areexpectedn dijet
sample 5 eventsfoundin threejet samplewhere6.1 + 3.1 areexpectedand 10 events
foundwhere7.1+ 0.9 are expectedin four jet sample.Limits arethensetwithin the
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FIGURE 5. Gluino-squarkmasdimit form DO searches

mSUGRAmodelfor thescenariotanf = 3, Ay = 0, u < 0 (seefig. 5).

If third generationgj are involved, specificfinal stateswith heavy flavours canbe
favoured.Exploiting samplesnrichedn b-jet, limits onthescalampartnerof theb quark
(b) weresetby bothexperimentsCDF searchedor § — b decayswith b — b+LSP in
156pb~! of data.Thesearchperformedookingfor afinal statewith MET andfour jets
(two of thempositively identifiedascontainingb quarkdebris),gave a negative result.
The correspondingexclusionplot is shown in fig. 6. DO searchedor signalsof direct
productionof sbottompairsdecayingnto b andneutralinossingb-taggingto improve
S/B ratio they areleft (in 310 pb—1) with eventsconsistenwith SM expectationsand
excludedsbottommassesipto ~ 200 GeV/c for neutralinomassesip to 80 GeV/c?.

SUSY indirect searches

A very importantway to testfor SUSY is to look at effectson SM processeslueto
SUSY contributions.A promisingchannelis Bsq — MM asBs (andBy) arecopiously
producedat the Tevatron. SM branchingfraction (BF) is (3.5+0.9) x 10 but, in
SUSY models,can be enhancedy several order of magnitudedor large tanf3. CDF
andDO searchedh 364and300pb~ of data.CDF set90(95)% C.L. limit to BF (Bs —
pp) < 1.5(2) x 107 andBF (By — pH) < 3.8(4.9) x 10 8 (betterthanBaBarlimit of
8 x 1078). DO limit at90% C.L. is BF (Bs — uu) < 4.1x 10~ which, combinedwith
CDF result,yield a Tevatronlimit of 1.2 x 10~ " at 90 % C.L. Thoseresultsseta strong
limit on MSSM inspiredSUSY models[7].
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FIGURE 6. CDFlimit on§— b decays.

RPV SUSY

In someSUSY theoriesquantity R is not consered, thatimpliesthat MET (dueto
escaping-SP) is not a typical signature .The relevant parameteis representedby the
couplingsamonggenerationsSearche$or RPV SUSY take placeat boththe Tevatron
andHERA. At the Tevatron CDF searchedwithout successfor sneutrinoproduction
andsetlimit to m; > 205GeV/¢ for thecouplingz,; = 0.01. ZEUSandH1 setlimits

to f production.In fig. 7 you seethatfor A ~ 0.01 Mg > 260GeV/ at95% C.L.

LIVING ON A BRANE

In recentyears,a new paradigmfor the physicsBeyond the StandardModel emeped.
It is linkedto thediscovery that,givencurrenttheoreticalandexperimentalconstraints,
thereis roomfor large extra-dimensionsThe basicideais that particlesare not point-
like objects,but ratherextendedstrings. The main interestof this classof theoriesis
thatthey look like a very promisingway to quantizegravity. Indeedthe weaknesof
gravitation in our world is explainedas beingthe remnant(in standard3+1 D world)
of a strongerinteractionwhich propagatesnto the extra (hidden)dimensionswhich
are then compactified.There are several optionsfor the mechanisnto work. In the
Arkani-Hamed,Dimopolous,Dvali (ADD) theorythe relevant parameteis the string
scaleMs which relatesthe Planckscaleto the compatictificationradius. In Randall-
Sundrumtheoriesthe gravity is localizedin the Extra Dimensions(which are highly
warped)andthe relevant parametersre the compactificatiorradiusandthe curvature
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TABLE 2. DO combinedRunl-I1) limits for large extradimensions.

GRW Hewett HLZ,n=2 HLZ,n=3 HLZ,n=4

ee+yy 143 1.28 1.67 1.70 1.43
uu 1.09 0.97 1.00 1.29 1.09

scalethaterelatethe Planckscaleto the TeV scale.As eachparticleis seenaspart of
atower of Kaluza-Kleinexcitations,the main phenomenologicatffect is the existence
of suchstates At the Tevatron both direct searchedor gravitons (RS model) aswell
asindirect searche®f effectson SM processe¢ADD model) were performed.In the
latter category, CDF and DO searchedor modificationto ee, uu, yy productiondue
to graviton exchange DO searchedn its databy studyingits doubledifferential cross
section:
d?o

dMd cosB*
The effect of the existenceof extra-dimensionss parametrizequsing f andng) ac-
cordingto differenttheoreticabssumptionDatais consistentvith SM expectationsand
limits aresetin differentscenarionsln table2 we shav a summaryof theresultsin var
iouschannelsaccordingto severaltheoreticaloptions(Giudice-Rattazzi-Wlls, Hewett,
Han-Lykken-Zhang)

In direct searchesboth experimentslooked for signal of direct productionof the
Randall-Sundrungraviton (aspin2 particle)in yy anddilepton(e andu) samplesCDF
analized345pb~1 of dataandDO looked at~ 250 pb~! of data.Resultsareconsistent
with SM expectationsandlimits areset.The strongestonstrainis obtainedoy DO that,
for k/Mp, = 0.1(0.01) seta95% C.L. limit of M5 > 785250) GeV/¢ (fig. 8).

= fsv|+fint’7c;+fKK’762
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SEARCHING IN THE DILEPTON SAMPLE

The dilepton channelshave beenthrough investigatedby both experimentsas ary
deviation from SM would easilysignalnew physics.The measuredjuantityis o x BF,
and negative findings can be interpretedas limits for physical statesby selectinga
specifictheoreticalmodel.Indeed,while the acceptancéasstrongdependencenainly
from the spin of the mother particle, an importantrole is played by the (unknowvn)
couplings.CDF recentlty presentedh preliminary analysisof datain the ee channel.
In fig. 9 the searchregion (Mee > 200 GeV/A) is shown. No visible excessover SM
expectationss seerin 448pb 1. In orderto corvertnegativefindingsinto limits, model-
specificcalculationsareperformed Also, a standardvay to estimatethe sensitvity to a
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TABLE 3. Limit for asequential. CDF limits for E; Z’ referto
eeanduu channekcombinedusing200 pb2.

SM(ee) SM(uu) SM(tT) 2 Zy Zy Zy

CDF 845 735 394 610 670 690 715
DO 780 680 - 575 640 650 680

Z-like particleis to assumeSM couplings.The CDF resultin 448 pb ! convertsinto a
limit onSM-likeZ’, M, > 845at95% C.L. In table3 we shav thesummaryof searches
in differentdecaychannels.

DO alsoanalizedits dileptonsamplegee and uu) looking for effectsdueto preons,
the putative elementaryconstituent®f quarksandleptons.The effectsareparametrized
in terms of A, the compositnesscale.As for the LED case,the searchcompared
the spectruminvariant massand scatteringangle of datawith SM expectations.The
parametrizatiomsedis:

d?o | C

dMdcose* fu + XA
where | and C are input from theory and express the possibility of construc-
tive/destructreinterferenceThe negative resultis usedto setlimits onthefundamental
scale/. Limit is A > 3.6(9.1) TeV for constructve(destructie) interferencein the
electronchannein 271pb~1. In themuonchannelusing400pb~! thelimit is stronger
andsetto A > 4.2(9.8) TeV for constructve(destructie) interference.

LEPTOQUARKS

Thefermionicsectorof the SM canbe symmetrizedy theintroductionof still unknowvn
particles-LeptoQuarkgLQ)- carryingbothbarionicandleptonicnumbersandcoupling
to both quarksand leptons.Relesant parameterdor the theory are the couplings,)\ij
andthedecaysbranchingractions,which areorderedaccordingtio the BF into chaged
leptons(B) which canvary betweenl andO.

At HERA first generationLQs can be producedin resonaniprocessBoth H1 and
ZEUSsearchedor signalsof LQ productionin their CC andNC samplesNo signalis
foundandlimits areset.Dueto theway LQs areproducedhoselimits area functionof
the LQ massandof the couplings.In fig. 10 we show the resultfrom H1 which, for a
couplingstrength~ 0.3is M, ;, > 290GeV/&.

At the Tevatron both experimentssearchedor scalarLQs in all generationsAs
LQs are pair-producedthe actualmeasurementan be one of the following: o x 82,
2x 0B(1-B),0 x (1— B)?, dependinguponthe BF into chaged leptons.The latter
channehasafinal stateof two jetsandMET andthe analysisperformeds generation-
independentCDF reportanegativeresultin this channebndsetalimit, using191pb—1,
toM o> 117 GeV/c. More interestingarethe resultsfor first andsecondgeneration
LQ. In thosecasesboth experimentsanalizedtheir sampleslljj, Ivjj, vvjj where
| = e,u. CDF reportsa negative resultand setlimits, for § =1 to Mg > 235(224)
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SCALAR LEPTOQUARKS WITH F=2
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FIGURE 11. DO limits for first generatiorLQ.

GeVI/c for 1% (2"9) generatiorLQ in 200pb~—1. DO combinests negative resultsin 250
pb~1 (1%) and294 pb—1 (2"9) generationwith Run| resultsandsetlimits for 8 = 1 to
M\ o > 256(251) GeV/& for 13(2™) generatiorLQ (seefig. 11,12).

CDF searchedor directproductionof 3rd generatiorLQ in an analysiswhich also
setlimits on RPV SUSY stop production.As 4.8+ 0.7 eventsarefoundin 200 pb1,
where5 areexpectedalimit is setM, 5 > 129GeV/c.
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CONCLUSION

A numberof searchegor signalsof physicsbeyond the SM are ongoing.While their
currentfindings do not supportevidenceof suchprocessesa very exciting periodis
aheadof us. The expectationsof CDF andDO to collect4 to 8 fb ! perexperimentby
2009,aswell asthe LHC startup,indicatethat within a few yearseitherwe will have
seensignalof non-SMphysics,or anumberof theorieswill bedisproved.
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