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Abstract

We review the possibility of formationfor a boundstatemadeout of a stopquarkandits
antiparticle.Thedetectionof a signalfrom its decayhasbeeninvestigatedor the caseof
aete collider.
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1 Introduction

In the StandardModel it hasbeenverifiedthatthereis creationof boundstatesor every
quarkbut thetop [1,2]. Thelatterpossibilityis ruled outdueto the high valueof thetop
quarkmass,which is responsibldor its shortlifetime. The naturalstepforward would
beto consideithe possibilityof boundstatescreationoutsidethe Standardviodel. In this
casewe focusour attentionto the supersymmetriextensionsof the StandardModel [3],
in particularto the detectionof a boundstate(supermesongreatedfrom a stopandan
anti—stop(“stoponium”)ate*e™ colliders.

2 Bound States

In this Sectionwe will review the boundstatescreation. For the SUSY case,our as-
sumptionwill bethatthe boundstatecreationdoesnot differ from the SM case,asthe
relevantinteractionis againdrivenby QCD, andis regulatedoy themassof theconstituent
(s)quarks.

A formationcriterion statesthat [2] the formation of a hadroncanoccuronly if
the level splitting betweenthe lying levels of the boundstateswhich dependuponthe
strengthof the strongforce betweerthe (s)quarksandtheir relative distancd1], is larger
thanthenaturalwidth of the state.Ilt meanghat, if

AFEss 152> T (1)

whereAFy5_ 15 = Fos — F15 , I' is the width of the would—beboundstate,thenthe
boundstateexists.

For the caseof a scalarboundstate?? , without referencingo a particularsuper
symmetricmodel,we shouldconsiderthe Coulombictwo—bodyinteraction
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with thetwo—loopexpressiorfor «; [4]
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with 3y = 11 — 2n; , 61 = 51 — 2 n; . Dueto the presentimits on the stopmass
[5,6] anddueto thefactthatin ourassumptionghe stopis lighter thanthetop quark,we
shouldsetn; = 5 . Thea, expression(3) hasto beevaluatedatafixedscaleQ? = 1/r%

, Whererg is theBohrradius
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andy is the reducedmassof the system. It hasbeenshowvn in [2,1] thatin the caseof
high quarkmassvalues the predictionsof the Coulombicpotentialevaluatedatthis scale
do notdiffer from the otherpotentialmodelpredictions.

In figures1 and 2 we show a plot of the enegy splitting for the first two levels
for the stoponiumboundstatewith respecto the stopmass,for the LHC andthe NLC
caserespectrely. As from (1), thosefigureshave to be comparedo the width of the
stoponium.Thewidth of thestoponium[';z , is twice thewidth of thesinglestopsquark,
aseachshoulddecayin amannerindependentrom the other

Thereareseveralwaysastopshoulddecay{7], dependingpntheassumptionsmade
for the othersuperpartnersin the mostinterestingcasesthe highestwidth valuefor a
rangeof the stopsquarkmassof 60to 100GeV/, relevantto LEP, andupto 500GeV for
NLC, will notexceedthevalueof afew Kel'. Thoseareto becomparedothe AE,g_5
valueswhichfrom figuresl and2 areof theorderof theGeV , thuslargerthanthewidth
of the boundstatefor threeordersof magnitudefulfilling eventuallythe requirementf
(1).

A differentformation criterion statesthat the boundstateexists if the revolution
time,tr = 277 /v, is largerthanthelifetime of therotatingquarks,r = 1/I" [8], thatis

tR<7'. (5)

This criterion hasbeenprovento be strongerthan (1) by abouta factor of two on the
uppermasdimit [1]. In any casethe choiceof eitherformationcriteriondoesnot change
theresultsobtainedsofar, andwe shallconcludethatthe stoponiumcouldbeformed.

3 Cross Section and Decay Width

Thenext naturalstepwouldbeto seewhetherthestoponiuncouldbedetectednanete™
collider with LEP or future NLC characteristicsFor this purposewe shall calculateits
crosssectionanddecaymodesjpasingour predictionson [9], andupdatingtheir results.
We shouldlook for the productionand decayof the P wave state,sincewe are
interestedn the searchof the boundstateataete collider, conservingthus quantum
numbers.
We usethe Breit—-Wgnerformulato evaluatethetotal crosssection[5]:

3_7T x PeFtot
M? " (E—M)*+T%/4

o =

(6)

whereM is the massof theresonanceF is the centre—of-massneqy, I';,; is the total
width, andT’, is thedecaywidth to electrons.



The first decaywe will investigates the leptonicone,which is given by the Van
Royen—\W\eisslopf formula[10]

[R'(0)[*
M4

[(2P — efe ) = 2402Q* (7)

R'(0) is thederivative of theradialwavefunctioncalculatedat the origin, M the massof
theboundstate o the QED constant() the (s)quarkchage.

For this andfollowing caseswe shallmake useof the radial wavefunctionsof the
Coulombicmodel,aspresentedn Section(1). Thoseare,for thelS state

2 3/2
Ris(r) = (—) exp (—L) (8)
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andfor the2P 32
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rg Is theBohrradiusdefinedin (4) .
For the hadronicwidth decaywe have thefollowing expression

64 ,|R(0)
9 ° M*
wherethe Bohrradiusactsasaninfraredcutoff [9].

The 2P statecouldalsodecayinto a 1S stateandemita photon. The width decay
in this caseis givenby

['(2P — 3g) = log(m;rg) (10)

4
2P - 1S++7) = 9 aQ*(AE2s-15)°Da,1 (11)

whereAE,s_; ¢ is theenegy of theemittedphoton,and D, ; = (2P|r|1S) is thedipole

moment[11]. In figures3 and4 we presenthe decaysof the 2P stateinto hadronsand

into a1S stateplusaphotonasafunctionof thestopmassaspredictedoy the Coulombic
model. Oneobsenesthatthereis not a strongvariationof the decaywidthswith respect
to the stopmassandthatboth have similar valuesof the orderof someKeV'. We could

noticealsoa smallthresholdeffect dueto theinclusionof thetop flavour.

For alight stop—i.e. lighter thanits StandardMlodel partner- the analysednodes
sofararethedominantwidths[7].

Figures5 and6 shaws the peakcrosssectionobtainedfrom (6) asfunction of the
stopmass. While the peakcrosssectionis in the nb range,the resonanceés practically
undetectablat the presentcollidersbecausets width is muchsmallerthanthe typical
beamenepgy spreadof theorderof 200 M eV atLEP2 [5]). Theeffectof agrowth of the
totalwidth — dueto e.g. othersquarkor R—parityviolating terms[12] — doesnotchange
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the result,asthe neteffect will be a decreas®f the peakcrosssection. This is clearly
illustratedin figure7 wheretheBreit—Wgnerformula(6) is foldedwith thetypicalenegy
spreadof the beamof 200 MeV/, andin figure 8, wherethe beamenegy spreadof the
NLC is takento be of theorderof 2.8% [13].

4 Conclusions

We have shawvn thatbecausef the high enegy binding and of the narrov decaywidth
the formationof a## boundstateis possible.Our resultshaws that this supersymmetric
boundstatecannotbedetecteditthe presentindevenfutureete collider, andthisresult
holdstrue evenfor boundstatesmadeout of sqarksdifferentfrom thet. Thelatterfact
provesalsothatit givesa negligible contrikutionto the gg productioncrosssection.
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Figurel: AFys 15 asafunctionofthestopmassupto 100GeVfor theCoulombiamodel.
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Figure2: AFy5 15 asafunctionof thestopmassupto 500GeVfor theCoulombiamodel.
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Figure3: Decaywidthsfor the 2P statewith respecto the stopmassfor the Coulombic
model. Thedashedine representghe decayinto hadrons,the continuosline the decay
into the 1S stateandan emittedphoton.
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Figure4: Like Fig. 3, for amassrange of upto 500GeV for NLC.
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Figure5: Peakcrosssectionasa functionof thestopmassfor the LEP case
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Figure6: Peakcrosssectionasa functionof the stopmassfor theNLC case
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Figure7: Total crosssectionfoldedwith a beamenegy spreadof 200MeV asa function
of thetotal width of the stop. Theplot hasbeenobtainedfor a stopmassof 100 GeV

107

o (pb)

10 10" 10°
I (GeV)

Figure8: Like Fig. 7, for a beamenegy spreadof 6 GeV (NLC). The plot hasbeen
obtainedfor a stopmassof 200GeV
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