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Abstract
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Abstract. A vertex detectorconceptof the Linear Collider Flavour Identification(LCFI) collabo-
ration,which studiespixel detectordor heary quarkflavouridentification,hasbeenimplementedn

simulationsfor c-quarktaggingin scalartop studies.The productionanddecayof scalartop quarks
(stops)is particularlyinterestingfor the developmentbf thevertex detectorasonly two c-quarksand
missingenegy (from undetectecheutralinosareproducedor light stops.Previous studiesinvesti-
gatedthevertex detectordesignin scenariosvith largemasdifferencedetweerstopandneutralino,
correspondingdo large visible enegy in the detector In this studywe investigatethe taggingper

formancedependencen the vertex detectordesignin a scenariowith small visible enegy for the
InternationaLinear Collider (ILC).

1. Intr oduction

The developmentof a vertex detectorfor a Linear Collider is animportantand challeng-
ing enterprise A key aspecis the distanceof the innermostiayerto the interactionpoint,
which is relatedto radiationhardnessand beambackground. Another key aspects the
numberof radiationlengthsthe particlesgo through,sinceit determineshe multiple scat-
teringwhich affectsthe vertex reconstruction.

The optimizationof the vertex detectortaggingperformancas of greatimportancefor
studiesof physicsprocessesWhile mostly at previousandcurrentacceleratorge.g.SLC,
LEP, Tevatron)b-quarktagginghasrevolutionizedmary searcheand measurements-
quarktaggingwill be very importantat a future Linear Collider, for example,in studies
of Supersymmetridark matter[1]. Therefore,c-quarktaggingcould be a benchmark
for vertex detectordevelopments.The scalartop productionand decayprocessandthe
implementedrertex detectorgeometryareshonn before[2].

Theanalysidor alargemasdifferencewith the SPS-Sparametepoint(ISAJET)m;, =
220.7 GeV, mgo = 120.0 GeV andcos §; = 0.5377 waspreviously performed[3]. For

25%(12%)effic%en(y 3800(1800)signaleventsand5400(170)backgrounaventswithout
c-quarktaggingwereobtainedwhile thebackgroundvasreducedo 2300(68) eventswith
c-quarktagging.

Thevertex detectorradiationlengthwasvariedbetweersinglethicknes{ TESLA TDR)
anddoublethicknessln addition,thenumberof vertex detectolayerswasvariedbetween
5 layers(innermostlayerat 1.5 cm asin the TESLA TDR) and4 layers(innermostiayer
at2.6cm). For SPS-5parametershefollowing numbersf backgroundeventsremain[3]:

Thicknesslayerd12%signalefficieny  25%signalefficiency
Single 5(4) 68(82) 2300(2681)
Double |5(4) 69(92) 2332(2765)
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A significantlarger numberof backgroundeventswas expectedif the first layer of the
vertex detectoris removed. Thedistanceof thefirst layerto theinteractionpointis alsoan
importantaspectrom the acceleratophysics(beamdelivery) perspectie. Theinterplay
betweerthe beamdelivery andvertex detectordesignin regardto critical tolerancedike
hardwaredamageof thefirst layerandoccupanyg (unableto usethe dataof thefirst layer)
dueto beambackgroundgjoesbeyondthe scopeof this studyandwill be addresseéh the
future.

For large visible enegy (large massdifference)no significantincreasen the expected
backgroundvasobsenedfor doublingthethicknesof the vertex detectodayers[3,4]. In
this studythe effect of the vertex detectordesignfor eventswith smallervisible enegy in
the detectoiis addressed.

2. Signaland Background Simulations

The productionof simulatedlight stopsat a 500 GeV Linear Collider is analyzedusing
high luminosity £ = 500 fb~!. Thesignaturefor stoppair productionatane*e collider
is two charmjetsandlarge missingenepy:

et

e” > tit 2 exdexd. 1)
ForsmallAm = m;, — mso, thejetsarerelatively softandseparatiorfrom backgrounds
is very challenging Backgroundsrisingfrom variousStandardviodel processesanhave
cross-sectionthatareseveralordersof magnituddargerthanthesignal. Thus,it is neces-
saryto studythis processwith arealisticdetectoisimulation.Signalandbackgroundwvents
aregeneratedvith PYTHIA 6.129 [5], including a scalartop signalgeneratiori6] previ-
ouslyusedin Ref.[7]. Thedetectosimulationis basednthefastsimulationSIMDET [8],
describingatypical ILC detector Goodagreemenin comparisonsvith SGV [9] detector
simulationswasobtained3,4].

Cross-sectionfor thesignalprocessandtherelevantbackground$iave beencomputed
with codeusedin Ref. [10] and by GRACE 2.0 [11], with cross-checkso ComPHEP
4.412]. A minimaltrans\ersemomentuncut, p; > 5 GeV, is appliedfor thetwo-photon
backgroundto avoid the infrared divergence. Details of the event selectionare givenin
Ref.[1].

The c-taggingwith the LCFI detectoris basedon the vertex identificationanda neural
network application[13]. The vertex identificationconsideredhree casesfor eachjet
independently:

a) only aprimaryvertex. In thiscasethetwo trackswith thelargestseparatiorin ther-
¢ planeareconsidereandfor thesetracksthe neuralnetwork variablesinclude,the
impactparameteandits significancgimpactparametedividedby uncertaintyoth
in ther-¢ planeandin the z-direction,their momentaandthe joined probabilityin
r-¢ planeandz direction.

b) onesecondaryertex. In additionto the previousvariablesthe decaylengthsignifi-
canceof thesecondaryertex, the multiplicity andmomenteof all associatetracks,
andthe P; correctedmassof thesecondaryertex (correctedor neutralhadronsand
neutrinos)the P; of thedecayproductgperpendiculato theflight directionbetween
primaryandsecondaryertex, andthejoint probabilityin r-¢ andz-direction.
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¢) morethanonesecondaryertex. Two secondaryverticesareconsideredyherethe
tracksareassignedo thevertex closesto theprimaryvertex, andtheneuralnetwork
inputvariablesaredefinedasin caseb).

Theneuralnetwork is tunedwith 255,000simulatedsignaland240,000Wer background
events.Thesignaleventsarea combinatiornof all simulatedsignaleventsfor thescalartop
massrangebetweernl20to 220GeV andfor Am = 5,10 and15 GeV.

After a preselectionwhich substantiallyreducesthe backgroundwhile keepingabout
70% of the signal, six sequentialcuts are applied: numberof jets, missing enegy,
acollinearity thrust angle, trans\ersemomentum,and the jet-jet invariant massand c-
tagging[1]. Thebackgrounctonsistof the following processeV+W—, ZZ, Wev, eeZ,
qq(q # t), tt, andtwo-photon.After all cuts,thetotal backgroundf about5680eventsis
dominatedby about5044Wev events[1]. A scalartop signalof 120GeV hasbeensimu-
latedwith aneutralinomassof 110GeV. Theselectiorefficiency is about20%4' and11,500
signaleventsareexpectedor astandard_CFI vertex detectorconfiguratiorasgivenin the
TESLATDR.

3. Varying the Vertex Detector Design

This study of the vertex detectordesignis basedon 50,000simulated120 GeV signal
and210,000Wer backgroundventsfor eachdetectordesign. After preselectior?9,842
signaland53,314Wev eventsareselectedcorrespondingo 34,318and 779,450events
per500fb—!, respectiely. This preselectiorsignalefficiency of 59.7%doesnot depend
onthevertex detectordesign.Four detectordesignsarecompared:

VX12: the TESLA TDR designwith 5 layersandsingle (0.064% X radiationlengthper
layer).

VX 9! 4layers(theinnermostayerremoved). This scenariacouldfor exampleoccurif the
vertex detectoris exposedto a large doseof machinebackgroundrom the acceler
ator. The optimizationof theradiusof theinnermostayeris animportantaspecin
thedesignof avertex detectorfor a LinearCollider.

VX 32: 5 layersanddoublematerialthicknesg0.128% X, radiationlengthperlayer). As
therigidity of the sensitve elementsandthe supportstructureis anotherimportant
aspecin the detectordesign the materialbudgethasto betakeninto account.

VX 42: 4 layers(the innermostiayerremoved) anddoublethickness(0.128%.X radiation
lengthperlayer).

The c-taggingefficiency per eventis normalizedto the numberof signaleventsafter the
preselectiorandrequiringtwo jets. At leastonec-taggedet is requiredandthe efficiency
is givenin Fig. 1 asa function of the purity, wherepurity is definedas the ratio of the

! The retuningof the c-taggingneuralnetwork increasedhe selectionefficiency from 19%[1] to
20%andthe Wer backgroundrom 5044[1] to 5322 + 280 events.
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numberof simulatedsignaleventsafterthe c-taggingto all c-taggedeventsassuminghe
sameduminosity for signalandbackgroundThedifferentpuritiesareobtainedoy varying
thecutonthec-taggingneuralnetwork variable. Theeffect of thedetectordesignvariation
increasesvith increasingpurity (harderc-taggingneuralnetwork cut). For the secondset
of pointsin the plot with puritiesabout18% andc-taggingefficienciesbetweer85% and
90%, the variationof the signalefficiency andthe numberof Wev backgroundeventsis
givenin thetableafterall selectioncuts.

Thicknes$layergsignalefficiency (in %)| Wev/210k| Wer /500 fb—!
Single |5 (@) 20.46(19.67) | 364(369)| 5322(5396)
Double |5 (4) 20.32(19.52) | 366(385)| 5352(5630)
+0.18 +19 +280
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Figure 1. Left: scalartop c-taggingefficiency and purity with Wer backgroundor
differentdetectordesigns.The VX, curweis for a detectordesignwith 5 layers(in-
nermostat 15 mm)andsingledensity curve VX 1 is for adetectodesignwith 4 layers
(innermostat 26 mm). CurvesVXs, andVX4» arefor doubledensity(0.128% X,
radiationlength per layer) with 4 and5 layers,respectiely. Right: expectedsignal
efficiengy and numberof Wer backgroundeventsfor the four detectordesigns. The
statisticaluncertaintiesarealsogiven.

4. Results

Theseresultsfor smallvisible enegy (Am = 10 GeV) leadto the sameobsenationasfor
largevisible enegy (SPS-5scenarionvith Am = 100.7 GeV). Theradiusof theinnermost
layerof thevertex detectorthasa large effect on the c-quarktaggingperformance Curves
VX 12 andVXq, of Fig. 1 shav the performanceor radii 15 and 26 mm, respectiely.
Thereis no significanteffect on the c-quarktaggingperformancdrom doublingthe ma-
terial budget(e.g. curvesVX > andVX3, of Fig. 1). Theincreaseof multiple scattering
is not significantbetweensingle and doublethickness(0.128% X, radiationlength per
layer).

In orderto quantitatvely estimatehemultiple scatteringeffect, thenumberof tracksper
signaleventandthevisible enegy have beendeterminedTheminimumvisible enegy per
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eventis about10 GeV andthe maximumnumberof tracksis about20, thereforethe min-

imum track enepy is about0.5 GeV. The analyticalcalculationof the multiple scattering
angleis givenby 8 ~ 13.6/P - \/x/Xo, wherethe trackmomentumP is givenin MeV.

The displacemenét the interactionpointis d ~ R, whereR is the radiusof the inner

mostlayer of the vertex detector For P = 500 MeV, /X, = 0.128% andR = 15 mm,

d = 15pm. This small value comparedo the flight distanceof charmmesonsexplains
the insignificanteffect on the c-quarktaggingfrom the multiple scatteringincreaseby

doublingthevertex detectolayerthickness.

5. Conclusions

In conclusion the studieswith a smallvisible enegy signalleadto the sameresultsasin
the previous studyfor large visible enegy regardingthe vertex detectordesign.A strong
dependencen the detectorperformanceon the radiusof the innermostvertex detector
layerhasbeenobsened,while doublingthe materialthicknesshasno significanteffecton
the c-quarktaggingperformancen scalartop studiesat the ILC. The optimizationof the
radiusof theinnermostvertex detectodayerwill have to take into accounthe accelerator
backgroundvhich dependsn the machineopticsandthe collimationsystem.

Acknowledgements
ASwouldliketothanktheorganizerof theworkshopfor makingthispresentatiopossible.

References

[1] M. CarenaA. Finch,A. FreitasC. Milstene H. Nowak andA. SopczakPhys.Rev. D72 (2005)
115008.

[2] C.MilstéeneandA. SopczakEconfC0508141:ALCPG14312005.

[3] A. Finch,H. Nowak andA. Sopczak,'CCD Vertex DetectorCharm-TggingPerformancen
Studiesof ScalaTfop QuarkDecays”,Proc.of theInt. Conferencen LinearColliders(LCWS
04), Paris,France 19-24April 2004.

[4] A. SopczakM. CarenaA. Finch,A. FreitasC. Milsténe H. Nowak, “ScalarTop QuarkStudies
with VariousVisible Enegies”, presentedat the 13th Int. Conferenceon Supersymmetnand
Unificationof FundamentalinteractiongSUSY’05), Durham,UK, July 18-23,2005.

[5] T. Sjostrandetal., Comput.Phys.Commun.135 238(2001).

[6] A. Sopczakin PHYSICSAT LEP2,“EventGeneratorfor DiscoveryPhysics”,

CERNYellow ReportCERN96-01.

[7] A. Finch, H. Nowak and A. Sopczak,contrituted paperEPS370,Int. Conferenceon High-
Enegy Physics(HEP 2003), Aachen,Germar, 17-23 July 2003[LC Note LC-PHSM-2003-
075].

[8] M. PohlandH. J.Schreiberhep-&/0206009.

[9] M. BerggrenSimulationGrandVitessg SGV),http://beggren.home.cern.ch/lggren/sgyhtml

[10] A. Freitas,D. J.Miller andP. M. Zerwas,Eur. Phys.J.C 21(2001)361;
A. Freitas A. von Manteufel andP. M. Zerwas,Eur. Phys.J.C 34 (2004)487.

[11] F. Yuaseetal., Prog.Theor Phys.Suppl.138 18 (2000).

[12] E.Boosetal.[CompHEPCollaboration],Nucl. Instrum.Meth. A 534, 250(2004).

[13] T. Kuhl, “Hadronicbranchingratio of a SM-like Higgs bosonat a futurelinear collider”, Proc.
of theInt. Conferencen Linear Colliders(LCWS 04), Paris, France 19-24 April 2004.



