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Triviality 3 States of Tquark-Higgs and CDF/DO0 in 2009:

The 3 stateof the T-quarkHiggs systemare
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with the cyan8-dimensionalKaluzaKlein pointbeingon theTriviality/Unitarity boundaryandwith

e PureNJL statewith Tquarkmass =145 GeVandHiggs mass =2xmT = 290 GeV,which statel
think is unphysicallyoversimplifiedwith respecto the Higgs mass andh little high with respecto
the Tquarkmass, sd modify it to correspondo my physics modestatewith Tquarkmass =130
GeV andHiggs mass =146 GeV

e 8-dim KaluzaKlein statewith Tquarkmass 17275 GeV= andHiggs mass =176-188 GeV

o As Hashimoto,TanabashiandYamawakisaidin their paperat hepph/0311165:... We
performthe mostattractivechannelMAC) analysisin thetop modestandardnodel withTeV-
scaleextradimensionswherethe standardnodel gaugéosonsandthethird generatiorof
quarksandleptonsareputin D(=6,8,10,...)dimensionsin sucha model, bulkgaugecouplings
rapidly growin the ultravioletregion.In orderto makethe scenarioviable, only the attractive
force of the top condensatshouldexceedhe critical coupling, whileotherchannelsuchasthe
bottom andtau condensateshouldnot. We thenfind that thetop condensateanbe the MAC
for D=8 ... Wepredictmasse®f thetop (m_t) andtheHiggs (m_H) ... basedn the
renormalizatiorgroupfor the top YukawaandHiggs quartic couplingswith the compositeness
conditionsat the scalewherethe bulk top condenses. for...[ KaluzaKlein type]...
dimension..D=8 ... m_t=172-175GeV andm_H=176188 GeV...". In Class.QuantumGrav.
3 (1986)L99-L105 N. A. Batakissays: "..In a standardKaluzaKlein framework,M4 x CP2
allowsthe classicalunified descriptionof an SU(3) gaugefield with gravity. However,the
possibility of an additionalSU(2) x U(l) gaugefield structurels uncovered... Asaresult,M4 x
CP2could conceivablyaccommodatéhe classicallimit of a fully unified theoryfor the
fundamentalnteractionsand matterfields. ...".

e BHL statewith Tquarkmass =218 +f 3 GeVandHiggsmass =239 ++ 3 GeV

o As Yamawakisaidin hep-ph/9603293"'... the BHL formulation of the top quark condensate
... is based on the RG equation combined with the compositeness condition ... start[s] with
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the SM Lagrangian which includes explicit Higgs field at the Lagrangian level ... BHL is
crucially based on the perturbative picture ...[which]... breaks down at high energy near
the compositeness scale A\ ...[ 10219 GeV ]... theremustbe a certainmatchingscale
\_Matchingsuchthat theperturbativepicture (BHL) is valid for mu < /A_Matching,while only
the nonperturbativepicture(MTY) becomesonsistent fomu> /A\_Matching... However,
thanks to the presence of a quasi-infrared fixed point, BHL prediction is numerically quite
stable against ambiguity at high energy region, namely, rather independent of whether
this high energy region is replaced by MTY or something else. ... Thenwe expectmt =
mt(BHL) = ... = 1/(sqrt(2))ybartv within 1-2%, whereybartis the quastinfraredfixed point
given by Beta(ybartF 0 in ... theoneloop RG equation... The compositeHiggs loop changes
ybart*2 by roughlythe factorNc/(Nc +3/2) = 2/3 comparedwith the MTY value,i.e., 250 GeV
-> 250 x sqrt(2/3F 204 GeV,while the electrowealgaugebosonloop with oppositesign pulls
it backa little bit to a highervalue.The BHL value is then given by mt = 218 +/- 3 GeV, at A\
= 10719 GeV. TheHiggsbosonwaspredictedasa tbart bound statevith a mass MH= 2mt
basedon thepureNJL model calculationllts mass wasalsocalculatedoy BHL throughthe full
RG equation... theresultbeing... MH / mt = 1.1 ) at /\ = 10A19 GeV ...".

... thetop quarkcondensat@roposedy Miransky, Tanabashand Yamawaki(MTY) andby
Nambuindependently.. entirely replaces the standard Higgs doublet by a composite one
formed by a strongly coupled short range dynamics (four-fermion interaction) which
triggers the top quark condensate. TheHiggs bosonemergesasa tbart bound statend
henceis deeplyconnectedvith thetop quarkitself. ...MTY introducedexplicit four-fermion
interactiongresponsibldor thetop quarkcondensatén additionto the standardgauge
couplings.Basedon theexplicit solutionof theladderSD equationMTY foundthat evenif all
the dimensionles$our-fermion couplingsareof O(1), only the coupling largethanthe critical
coupling yieldsnon-zero (large)mass ... Thenodel wadurtherformulatedin an elegant
fashionby BardeenHill andLindner(BHL) in the SM languagepasedon theRG equationand
the compositenesondition.BHL essentiallyincorporatesl/Nc sub-leadingeffectssuchas
thoseof thecompositeHiggs loopsand... gaugebosonloopswhich weredisregardedy the
MTY formulation.We canexplicitly seethatBHL is in fact equivalent to MTY at 1/Nc-
leading order. Such effectgurnedout to reducethe aboveMTY value250 GeVdownto 220
GeV...".

In his book Journey8eyondthe StandardModel ( Perseu$300ks1999 )at pagesl75-176, PierreRamond
says:

"... TheHiggs quarticcoupling hasa complicatedscaledependencdt evolvesaccordingto
d lambda/ dt=(1/16 pi*2) beta_lambda

wherethe oneloop contributionis given by
beta_lambda 12 lambda”2 ... -4 H ...

Thevalueof lambdaat low energiess related[to] the physicalvalueof the Higgs mass
accordingto thetreelevel formula\
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m_H =v sqrt(2 lambda)
while the vacuumvalueis determinedyy theFermiconstant..

for a fixed vacuumvaluev, let usassumehat theHiggs massandthereforedambdais large.In
that casebeta lambdas dominatedby thelambda™2term, which drivesthe coupling towards
its Landaupole at higherenergies.

Hencethe higherthe Higgs mass, thdiigherlambdais andthe close[r]the Landaupoleto
experimentallyaccessibleegions.This meanghat fora given (large)Higgs mass, weexpect
the standardnodel toentera strong coupling regimat relativelylow energies|osingin the
processour ability to calculate.This doesnot necessarilyneanthat thetheoryis incomplete,
only thatwe canno longerhandleit ... it is naturalto think that thiseffectis causedy new
strong interactionsandthat theHiggs actuallyis a composite..

Theresulting bound on lambda sometimesalledthetriviality bound.

Thereasortor this unfortunatename(thetheoryis anythingbut trivial) stemsfrom lattice
studieswherethe coupling isassumedo be finite everywherejn that casd¢he coupling is
drivento zero,yielding in facta trivial theory.In the standardnodel lambdas certainlynot
zero....".

¢ In theTriviality Systemdecaysrom higherstateso lower statescanbe on straight line®f constant

Higgs mass /Tquarkmass ratiowvith slopeaboutl.1 sincetheratiosHiggs mass /Tquarkmass are
o 146/130=1.123
o 188/172 =1.093
o 239/218 =1.096

e TheTriviality Boundpointat Tquarkmass 172t75 Gevandthe Critical Pointpointat Tquarkmass =
218 GeVarebothaccuratelydescribedoy thework of Yamawakiet al, while the pointin our usual
phaseat Tquarkmass 130 islescribedoy my model moreaccuratelythanby pureNJL;

¢ PierreRamondsays(asquotedabove)that forthe Triviality Bound"... we expectthe standardnodel
to entera strong couplingegime... itis naturalto think that thiseffectis causediy new strong
interactionsandthat theHiggs actuallyis a composite...", anda compositeHiggs = TTbar
condensatés consistent withthe 8-dim KaluzaKlein model ofYamawakietal;

e In my view, the T and Tbar of the TTbarcondensate Higgs arebound morestronglythana
conventionaljuarkantiquarkpair, not becausef any newforce suchas Technicolor,but by
collective effect similar to the QuantumProtectoratalescribedy Philip Andersonandthe Collective
Electrodynamic®f CarverMead

e Thetransitionfrom my high-energy8-dimensionalspacetimghaseto the (4+4)dimensionaKaluza
Klein phaseis describedoy the mechanisnof MeinhardMayerbasedon Propositiorill.4 ofchapter
Il of volume 1 ofKobayashiand Nomizu, Foundationf Differential Geometryyol. 2, JohnWiley
1969, inwhich the Higgsfield comesfrom integratingoverthe 4-dim internalsymmetryspaceof
somegaugebosontermswhosechargeis carried,in 4-dimensionalphysicalspacetimeby fermion
antifermionpairsof which TTbaris mostcloselyconnectedo the Higgs;

e Physically,atthe Triviality Boundmy model with4-dim spacetimelus4-dim internalsymmetry
spacecould be transitioningtowarda high-energy8-dim spacetimeavhich would appearclearly by
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runningup theTriviality Boundto the critical point at which our usualphasemeetsboththe Triviality
phaseandthe Vacuuminstability phaseat which the magentarquarkwith mass218 GeVandHiggs
with mass 239 GeWve in accordwith thework of Yamawakiet al;
e Thecritical point BHL stateis wherethe RenormalizatioriGroup PerturbativePictureof the

CompositeHiggs breaksdown, andthereat the critical point, Vacuuminstability meanghat theT and
Tbar aretoo heavyto form, evenaspartof a collective,sucha light thing asthe Higgs, so that the
Higgs doesnot form to give mass, andhereis no electrowealsymmetry breakingandall particles
aremassless, whicmay meanthat thecritical pointmagentalquarkwith mass 218 Ge\andHiggs
with mass 239 Ge\givesus a window throughwhich we canseethe physics ofmy high-energy8-
dimensionalphysics model.

Can Experiments see the 3 states of the T-quark-Higgs system ?

Until the LHC deliversits desiredenergyandluminosity, the FermilabTevatronandits CDF andDO
experimentawill providethe mostusefuldata.

In early (1990s)data,both CDF and DO sawevidenceof all 3 stateggreen blue,andmagentajn

semileptonicdata:
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from the 1997 UCBerkeleyPhD thesisof Erich Ward Varnesshowevidencefor all 3 statesEvent12814 of
Run 84676 seemmsa 2-jet eventevent(dashedine) showsthe 130 GeVT-quarkstateandseenasa 3-jet
event(solid line) showsthe 172 GeVT-quarkstate,andEvent15530 ofRun84395 seeasa 2-jet event
(dashedine) showsthe 172 GeVT-quark stateandseenasa 3-jet event(solid line) showsthe 200+ GeV
T-quarkstate.

Variousotherresultsof CDF and DO canbe interpretedasindicatingthe 3 T-quarkmass statesyith an
interestingrecentexamplebeingdescribedn a 13 March2009 blogentry"Tevatronexcludeschunk of
Higgs masses!'by Tommaso Dorigdrom which | constructedhe following chartthat showshow the E8
model treelevel 130 GeVT-quarkand 146 GeVHiggs groundstatesandthe Yamawakietal 176-188 GeV
Higgs areconsistent witithe FermilabSearchSignal,with the Yamawakietal 172175 GeVT-quarkbeing
acceptedy Fermilabandthereforeincludedin the FermilabSearchBackgroundNote the LLR Observed
solid black curvewhosevalleyspointto 130 GeVand146 GeV.

Tevatron Runll Preliminary

L=0.9-42 fo''] R Ho

LLR, tlo

March 6, 2009

100 114 120 140 180 185 200 GeV/c?

Furtherdata(up to 4.8 fb-1 at CDF andup t05.4 fb-1 atD0) wasanalyzedoy CDFandDO in FERMILAB-
CONF-09-557E (arXiv 0911.3930)ndin November2009 inTommaso Dorigsaidon hisblog:"... the
whole region115-140 GeVis muchmoresignaltlike thanit is backgrounelike in the datathat CDFand DO
aredisclosingtoday...
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.. theHiggs mass resolution isot good enouglto makethe pointsof the blackline uncorrelatedavith one
another... if a few eventswith mass ofLl20 GeVarein the data,theywill bringtheline downin awide
mass range.".

FERMILAB-CONF09-557E said"... "... ... Thesixth CDF channeis a newlow dileptonmass (m I+ |- )
channelwhich acceptsventswith m I+ |- less tharl6é GeV.This channeincreaseshe sensitivityof the...
analysesatlow mH, addingl0% additionalacceptancat mH =120 GeV....", so

it seemgo methat theincreaseof acceptancef dileptoneventsat mH = 120 GeVcouldaccountfor the
differencein the resultsbetweernthe March 2009 analysisindthe November2009 analysis,

thussupportingthe existenceof the light T-quark state(of the 3 statesf the T-quark Higgs system)hat
hasbeenlurking aroundin variousdileptoneventdatasets (asvell assomeotherdatasets)going backto
the daysof Dalitz-Goldstein Sliwa in the 1990s.

LHC:
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A fully functioningLHC shouldshedmuchlight on theT-quark- Higgs system,

but the LHC hasbeendelayedsubstantiallydueto suchthingsasa SeptembeP008 event

Quadrupole-dipole
interconnection

i

asdiscussedy J.Wenningerat www.pd.infn.it/planck09/Talks/\Wenninger.pahdby Jesteon his
Resonaancedslog including his 27 May 2009 entrywhereJestersaid,aboutthe Septembef008 event:

"... An abnormallylargeresistancen oneof the magnetsctedasa heatsourcethat quenched
the superconductingableat one interconnectionln caseof a quenchthe currentshouldstart
flowing or a few minutesthroughthe copperbusbar that enclosethe cableuntil the energy
storedin the magnetis removedHowever,dueto badsolderingof aninterconnectiorthe
currentcould not flow normallyandan electricarcwascreated.This meltedcopper,punctured
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the heliumenclosurewhich led to spilling of 6 tonsof heliuminto thetunnel. ... aquench(a
phasetransitionfrom superconductivityo normalconductivity) of an LHC magnetcanbe
inducedby justa few milijoules of energy.That energymay be providedby abunchof strayed
protons fromthebeam. To avoid quenchingl.HC cannotlosemorethana millionth partof its
beam.For comparisonthe Tevatronloses aboubnethousandthof its beamduringacceleration.
... theLHC will runat 10 TeVin the centerof mass, insteadf thenominall4 TeV.The story
goesasfollows. Beforeinstalling,the LHC magnetdhaveto be "trained"”, that isto say,to
undergoa seriesof quencheso let theircoils settledown at stablepositions.After being
installedin thetunnel theyaresupposedo comebackto their testperformancevith no orfew
guenchesilt turns outthat themagnetsprovidedby oneof the threemanufacturingcompanies
needan extraordinarynumberof quencheso settledown. Although the companyin question
wasnot pointed ateverybodyknowsthat thenameis Ansaldo.In the caseof that companythe
numberof quenchesequiredfor stableoperationat 7 TeV perbeamis currentlyunknown,it is
probablysomewherdetweena hundredanda thousandAt the momentit is not clearif the
LHC will everreachl4 TeV;12-13 TeV might be a morerealisticgoal....".

As | saidin a SeptembeP009 commendbn Tommaso Dorigo'slog, whenl sawpicturesof big copper
conductorgust notchedroughlyto fit andthenlaid overeachotherwithout eventhe crudestsolder
connection(evenUSA primitive pioneersbuilding log cabinswhenthey notchedthe logsandlaid them
over eachother,they madea betterconnectionby "soldering“them withmud or cement)| felt that the
peopledoingthe work did not give a damnaboutwhetherthey did an effectivejob, theyjust wantedto
“install" the copperasquickly aspossibleandthencollecttheir contractpaycheckandnobody in
managemerntiadthe interest(or eventhe curiosity) to go downinto the work areato seewhatwasgoingon
(sloppy assemblyhat would beobviousto the mostcasualbbserver- evena stupidbureaucratiobserver),
so now (December2009)1 worry abouthow manyotherbadthingsarestill in therethat couldimpedeeven
runningat 10 TeV.l think that CERNshouldtakea muchlongerdelayandlook at EVERY sectorin
DETAIL to besureit is working properly.Tomy mind, the costmay be another6 to 8 monthsor so of delay
but the benefitwould beto eliminatesomefuture bad eventwhoseoccurrenceand correctioncouldresultin
a delay2 or 3 timeslonger(or maybeevensomethingworse).l know that decisiongrenow madeby
committee, andthat committealecisiongendto be compromisesbut engineerings governedoy thelaws
of nature(who nevercompromises)Compromisas for politicians,who aregovernedoy lawsof men
(which arefull of compromise)ln my view, peoplelike Wilson (who built Fermilab)and Rubbia(who ran
CERNIn a previousera)andRichter(whoran SLAC) and Rickover(who built the USA NuclearNavy)
were primarily engineersandtheir machinesall workedVERY well. | think that iswhat CERN now needs.

To mean engineerns somebodywho putsthingstogetherso that theywork andaccomplisha specified
mission(suchascollidersto createcollision eventanddetectordo detectandrecordthe events),andif
existingthingsdo nothavethe necessarpropertiesthe engineerthenhasto actasinventorto designand
build thingsthat do havehe necessarypropertiesAbout Richter,Sadoulet oncsaid"... Richterhad
presistentlychosertechniques.. whichwerea little outdated...", which meantthat thetechniquesvere
knownto actuallywork (asPanofskya former SLAC director,oncesaid"the definition of conventional
technologyis that itworkedonce"). Sadoulet wasvith Rubbiaat CERN, building the UA1 detectorso
maybehe shouldsharewith Rubbiathetitle of "good engineer” As to how Rubbiavalueddetectorshe said

"Detectors are really the way you express yourself.
To say sonehow what you have in your guts.

In the case of painters, its painting.

In the acse of sculptors, its scul pture.
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In the case of experinental physics, it's detectors.
The detector is the imge of the guy who designed it."

Rubbiahad previouslyproposedietectordike UA1 at CERN, but they hadbeenrejectedoy committees,
which Rubbiadescribedasbeingmadeup of "men of compromise"saying"Give them aproposal they cut
half of it. You can'tcut half of this detectorthere'dbe no detectoteft." As to Rubbia'sattentionto details
(comparethe unsolderecconnection®f LHC etc),he said:

"If it turns out that the magnet does not work,

or the detector does not track,

we cannot bl ane anybody but oursel ves.

You have to understand every part in your detector.
You have to know what makes it run, how it works."

Whentherewereproblemsat UA1, Rubbiahimself would bethe onewho understoodhe problemwell
enoughto dictatea straightforwardsolution.

As to the CERNtheorists they madefun of the experimenpeopleandmadeit clearthat thepeckingorder
in physics wagheorist > experimenter> engineetWhile UA1 wasbeingbuilt, the theoristsput on a
Christmasplay in which the theorists(who seemto havehadplenty ofsparetime to write and performsuch
plays) put thesewordsin the mouthof an experimentharacter!'... Whatis physics coming 18 ... It'sa
mess. Ithink I'll becomeanengineer... At leasttheygetteabreaks...".

As to whatthe peckingordershouldbe, | will just saythat therehasbeenzeroadvancen realistic
theoreticalphysics sincehe Standardviodel (with the exceptionof my model, ofcourse)while experiments
havedonea brilliant job of producingtonsof data,almostall of which serveto verify the accuracyof the
30-yearold StandardViodel, if you allowit to havesomemassiveneutrinos andthe experimentamachines
themselvesare (whenproperly constructed}he pinnacleof humancivilization.

(To give creditwherecreditis due,the quotesand mostof the narrativeabovewere quotedor paraphrased
from the book NobelDreamsby GaryTaubegRandomHousel1986).)

In that sameSeptembeR009 threasf Tommaso Dorigo'slog, Mike Harneysaid:

"... It just seemdike the LHC is in what| call "oscilationmode"- a highly technicaltermthat
describeghe stateof a projectwhenit haslost convergencen becominga reliable pieceof
hardwarebecausét is in the procesof notfixing root problemsbut ratherdoing a patchjob
which resultsin releasinga new setof gremlinsthat arewaiting inthewings. As everygood
"engineer"knows(l putthis becauseanybodycanbe anengineerafter sufferingandfixing a
few problems)you wantto eliminate90%-+ gremlinson thefirst prototypein orderto converge
on asolution.This convergencéheoremis knownto be correctbecauseafter decimatingso
many gremlinson thefirst prototype,the remainingonesdon't standa chanceof victory without
the assistancef their brothersin the neverendingshellgamethat resultsvhenyou arein
"oscillation mode".

All of this beingsaid,| cansaywithouta doubtthat LHC isdefinitely in "oscillation mode"
andassomebodypreviouslyputit, theyreally needto getto the root of the problemsandnot
settlefor thetop-down approacho projectmanagemenbut rathervisit the welderson siteand
let them knowtheir performances being monitored(andbloggedabout!)...".
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However,wheneveithe LHC getsfixed andup andrunning,theHiggssearchprogramit shouldundertake
hasbeendescribedn an October2006 articleby Andy Parkerin PhysicsWelat
http://physicsweb.org/articles/world/19/10¥@8hich article saidin part( including somematerialfrom a
referencedarticle at http://physicsweb.org/articles/world/19/10/3/1/PWexp4%5F10%2P06

"... Oneof themain goalf the LHC is to discoverthe elusiveHiggs boson,which is
responsibldor the masse®f all otherpatrticles... ThehugegeneralpurposeATLAS andCMS
detectordhavebeendesignedo makethe huntfor the Higgs bosonas easyaspossible...
Sometimen 2008, thefirst dispatchesvill arrive from beyondthefrontier ...

... BothCMS andATLAS arelaid outin cylindrical layersof subdetectorbut they use
markedlydifferenttechnology.For example ATLAS is surroundedy eight toroidamagnets,
while CMS

usesa singlehugesolenoid.. anddifferent materialsareusedin the calorimeters..

the hugeATLAS detector...
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... weighingsome7000 tonnesind measuringpver 26 min length and20 min diameter...
consistsof a numberof subdetectorgjesignedo identify and measurealifferent typesof
particle... Threemain subsystemsyearrangedn cylindrical layersaroundthe vacuumpipe
that carrieghe protonbeams:

¢ theinnerdetectoris devotedto measuringchargedparticletracks;
¢ the calorimeterameasurdghe energyof particles;
e andtheoutermost subsysteir usedto detectmuons...

At the LHC, buncheof somel0”*11protons at time will beacceleratedo 7 TeV.As the
protons approacthe detectorstheywill be focusedby electromagneti@elds to increasdahe
chanceof a collision. About 20 protons wiltollide eachtime thebeamscross,mostbeing
glancingblows. But occasionallyfwo quarksin the incomingprotons willmeetheadon,
creatinga "hard" collision in which the energyreleasedcancreatenewmassiveparticles,
including the Higgs bosonandspatrticlesjf they exist. ...

Storing all thedatareadout from eachof the billion or socollisionseverysecondwvould be
impossible sothe detectorgshemselveswill be programmedo selectonly the mostinteresting
events Dedicatecelectronic"trigger" systemswill inspectthe datafor high-energydepositsor
interestingpatternsof particles,acceptingonly about0.25%o0f the events Farms ofpowerful
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computerswill be usedto further processhe survivingevents reducingthe numberpassento
waiting physicistdor analysisto a moremanageabld 00 eventper second.

Evenafterthis massivdiltering exercisepvera petabytg(10715bytes...) of datawill be
recordedeachyear.Smallteamsof physicistswill work togetheron theirchosentopic, trying to
pick outinteresting'signal” eventssuchasHiggs decayswhile removing“background‘events
that come&rom known StandardMlodel processedn orderto do this,we needto understand
what the detectorshouldseefrom the Standardviodel alone,andwhatthe distinctive
"signatures'of new particleswill be. Thisis doneusing”Monte Carlo simulations":computer
programsthat generatenillions of randomeventsobeyingthe underlyingtheoreticalequations,
starting fromthe hardcollision and simulatingthe pathsand decaysof all the particlescreated
by it.

Thesesimulationsalsoincludea virtual model ofthe detectorwhich mimics the responsef
eachdetectorelementasthe particlespassthroughit. The simulateddatafrom this virtual
detectorarethenfed into the samereconstructiorprogramthatphysicistswill useto inspectthe
realdata,allowing them tacomparethe realdatadirectly with the predictionsof different
theoreticalscenariosSuch MonteCarlo studieshavebeencarriedout since1984, wherthe case
wasfirst madeto fund the LHC, andtodaythe ATLAS databas&ontainssimulationsof over
600different scenarios...

Using the designluminosity of the LHC anda Higgs mass o250 GeV,we would expecto
produceaboutl0 eventsontainingHiggs bosonseveryminute. This is a promisingstart,
especiallyasthe detectoris designedo run for up to10 years...

The Higgs bosoncandecayin manydifferentways,with the probability of a particulartype of
decaydependingn theasyet unknownmass othe Higgs. From previousexperimentsye
know thatthe Higgs mass musbe abovell4 GeV/c2 otherwisewe would alreadyhaveseen
it - while theoryrequiresit to lie belowl TeV/c2.

If it hasa"low" mass (about20 GeV/c2),t will mostoften decayinto a bottomquarkand
antiquark.Unfortunately it is very hardto tell theseapartfrom the quarksproducedn
collisionsin which no Higgsis presentA low-mass Higgsanalsodecayinto a pair of
photons butit doesthis muchless often only oncein 1000 decays.
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However,this decayis mucheasierto pick out, andthereareso manyprotonprotoncollisions
that therewill still bethousands otheseeventsproduced.

If the Higgs hasa high...mass (abov&80 GeV/c2)thenit is mostlikely to decayinto pairsof
W andZ bosonsTheeasiessignalto identify occurswhenthe Higgs decaysnto two Z
bosonswhich eachdecayin turninto a pair of electronsor muons.This signatureof four
leptonscanbe easilyidentified by the detectorandis not often producedby unknownStandard
Model processed-urthermoreby measuringhe momentunof eachof theleptonsi,it is
possibleto reconstructhe mass ofthe parentparticleof eachpair. Hence particlephysicists
will homein onthis type of decayby lookingfor two pairsof leptonsin anevent,the momenta
of eachof which "addup" to a valuecloseto the knownmass ofthe Z boson.Taking this idea
further,themomentaof the two Z bosonscanthenbe usedto derivethe Higgsmass. ...".

Note that inthe electroweaksectorof the StandardModel, the Z bosonplaystherole of a heavyphoton
whosemass comeBom the Higgs mechanismso the Z pair signaturdookslike a heavyversionof the
photonpair signaturethat becomesffectiveat energy( or at Higgs mass )greaterthanthe total mass othe
two Z bosonsgachof which hasmass abou®0 GeV,or atenergy( or at Higgs mass )greaterthanabout
180 GeV.

Note alsothat fora Higgsto decayat a high rateinto a Tquarkanda Tbhar antiquark,the Higgs mass would
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haveto be at leasttwice the Tquarkmass, 02x130 =260 GeVfor thelightestTquarkstatein my model, or
2x175 =350 GeVfor the 175 GeVTriviality Tquark8-dim KaluzaKlein statethat isrecognizedoy
Fermilabanalystspr 2x218 =436 GeVfor the 218 GeVCritical PointBHL state,andnoneof thethree
Higgs statesn my model (146 GeV,188 GeV,and239 GeV) areheavyenoughfor suchdecayinto a T-
Tbar quarkantiquarkpair.
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