PRAMANA © IndianAcademyof Sciences Vol. xx, No. x

"E_ it R
‘F Fermilab FERMILAB-CONF-06-266-T

Testing the SUSY-QCD Yukawa coupling in a combined
LHC/ILC analysis

A FREITAS! andP Z SKANDS?
Nnstitut fiur Theoretischéhysik,Universitt Zurrich, Winterthurerstrass&90,CH-8057Zurich
2TheoreticaPhysics FermiNationalAcceleratoi_aboratory Batavia, IL 60510-0500JSA

Abstract. In orderto establishsupersymmetrySUSY) at future colliders, the identity of gauge
couplingsandthecorrespondingukava couplingshetweergauginossfermionsandfermionsneeds
to be verified. Here a first phenomenologicastudy for determiningthe Yukava coupling of the
SUSY-QCD sectoris presentedjsinga methodwhich combinednformationfrom LHC andILC.

Oneof thefundamentatelationsin softly brokensupersymmetritheoriess theequality
betweenthe Yukava coupling g of a gauginointeractingwith a fermion anda sfermion
andthe correspondingstandardviodel (SM) gaugecouplingg of a gaugebosonandtwo
(s)fermions,g = g. At colliders,this relationcanbeinvestigatedhroughthe production
cross-sectionfor SUSY particles. Within the Minimal SupersymmetriStandardviodel
(MSSM), it hasbeenshown [1-4] that the SUSY Yukawa couplingsin the electraveak
sectorcanbe preciselytestedat the percentlevel ata high-enegy e e~ collider (ILC).

However, the analysisof the SUSY Yukawa coupling s in the QCD sectoris much
moredifficult. At thelLC this interactioncould be studiedin the process™e™ — ¢G*g,
qqg [5], but suffersfrom very low ratesandlarge backgroundsAt the LHC on the other
hand,squarksandgluinoswith massebelov 2—-3TeV arealundantlyproducedandtheir
pair productioncrosssectionsdependdirectly on gs. However, measurementsf total
crosssectionsareexceedinglydifficult at hadroncolliders,with typically only oneor two
specificdecaychannelof the squarksandgluinosexperimentallyaccessibl€6].

In this contribution,acombinationof ILC andLHC measurements consideredwhere
the relevant branchingratios are to be determinedat ILC and combinedwith exclusive
crosssectionmeasurements selectecchannelsatthe LHC.

In pp collisions, squarksand gluinos can be producedin various combinations,see
Fig. 1. The productionof same-sigrsquarks(ur,ar,, ...) is especiallyinteresting,since
it only proceedshroughthediagramin thelower left of Fig. 1, andthusdependsolelyon
the SUSY Yukawa couplinggs. In pp collisionsthis processlominantlyproduces: andd
squarksijn directproportionto the quarkcontentof the proton.

While the typically lighter Gr almostexclusively decaysdirectly into the lightestneu-
tralino anda quarkjet, thusnot allowing chaigetagging,for the heavier ¢, the chage of
the squarkcanbetaggedthrougha chagino decaychain,

iy, — dx{ — dit v X, di, —uxy —ul” 7 X0 (1)

The productionof same-sigrsquarkswith this decaychannewill thusleadto two same-
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Figure 1. Exampledor Feynmandiagramdor partonicsquarkandgluino production
in pp collisions. Dotsindicatethe gaugecouplinggs, squareghe Yukava couplinggs.

sign leptons,two hard jets and missingtrans\erseenepy in the final state. Otherdirect
squarkproductionprocessesn the otherhandwill tendto produceopposite-sigreptons.

A very problematicbackgroundcan comefrom gluino pair and mixed gluino-squark
productionif m; > mg,. In this case,gluinos can decayinto quarksand squarks,
J — q L, generatinga componenbf two same-sigrsquarksplus additionaljets. This
backgrounds very challengingif the massdifferencemg; — mg, is small, sincethenthe
additionaljetsfrom the gluino decaywill besoft. In thefollowing we will only considera
scenariovherethem; — mg massdifferences sufficiently largeto allow avetoon addi-
tional jetsfor gluino backgroundeduction.We usea modificationof the SPS1ascenario
[7], wherethe gluino massis raisedto 700 GeV.

Themostimportantbackground$rom Standardviodel sourcesare W+ W+ 5 j, wherej
is alight-flavor jet, andsemi-leptonict, with the secondeptoncomingfrom the decayof
ab quark.Dueto thelargetotal t¢ crosssection this canresultin a sizablebackground.

We computenumericaresultsfor expectedsignalandbackgroundevelsincludingsome
simple estimatedor the detectorresponsendresolution(see[8] for details),but do not
performa real experimentalanalysis. In our scenariothe chagino mainly decaysinto
scalartaus, which subsequentlylecayinto taus. To tracethe chage explicitly, herewe
only considetthe leptonictau branchingfractionin thedecaychain

65% . 100% 35%

aL deT dT+VT)Z(1)—>d€++E7 é:e_/ My (2)

andsimilarly for di.. Both signalandtop and gluino backgroundsvere simulatedwith
PYTHIA 6.326[9], while the WV j;j backgroundvasgeneratedvith MADEVENT [10].
The crosssectionsfor squark,gluino andtop productionwere normalizedwith the K-
factorsfor next-to-leadingorder QCD corrections[11], while for the W=W=*;; back-
groundonly leadingorderresultsareavailable.

As afirst step,thefollowing preselectiorcutsareapplied: atleast100 GeV trans\erse
missingenegy, atleast2 jetswith p ; > 100 GeV, andtwo isolatedleptonst = e, u with
pre > 7 GeV. At thislevel, mostbackgroundsirestill largerthanthesignal,seeTab 1.

Using a b vetois effective againstthe gluino and ¢t backgrounds.A high efficiency
of e = 90% reduceghe backgroundsubstantially at the price of a alsohigh mistagging
D = 25% ratefor the signal. The large SM backgroundsanbe further suppressety
a cut on the missingtranswerseenegy Z, with % > 150 GeV. At this point, the gluino-
relatedbackgroundsiominate. They are reducedby a cut on hard additionaljets. By
rejectingall eventswith pr j3 > 50 GeV, the ratio of the signalto gluino backgrounds

2 Pramana—J. Phys.,Vol. xx, No. X, XXX XXXX



Testing the SUSY-QCD Yukawa coupling...

Table 1. Signalandbackgrounctrosssectiondor progressie applicationof cuts.

CrossSections Signal Backgrounds

Y s O (D) G Sum tt WEWEjj Ly Qg ]
Total 2100 - 8x10° - 7000 1350 3200
Preselection 49.2 384.6 177.7 - 136.4 23.2 47.3
b-veto 17.1 31.4 13.0 - 10.3 7.1 1.0
¥ > 150 GeV 15.1 22.2 6.1 - 9.0 6.2 0.9
1,5 < 50 GeV 7.8 5.9 2.4 N/A 1.0 25 0.03
pr,j; > 200 GeV 7.0 <4.9 1.0 <0.7 0.8 2.3 0.03

markedly improved. Finally, increasingthe transversemomentumcut on the first jet to

pr,j1 > 200 GeV, the top backgrounds suppressetlirther, resultingin the crosssection
estimatan Tah 1. Thesignal-to-backgroundatiois 1.4, sufficient to allow a meaningful
measuremeniVith anintegrateduminosityof 100fb—!, the statisticalerroronthe same-
signsquarkcrosssectionis 4.9%.

In orderto obtainfrom the measuredatesat the LHC thetotal squarkproductioncross
section,the individual branchingratios (BRs) in the decaychaineq. (2) mustbe deter
mined.Herewe explore,how thesecould be extractedfrom measurementat ILC.

The chagino BRs canbe determinedrom chaigino pair production. Dueto the large
crosssectionfor thatprocessall possiblechaigino decaychannelcanbeeasilyseparated
from backgroundsandthe expectederroronthe BR is about1%.

In the given scenariathe L-squarksare slightly too heavy to be accessibleata 1 TeV
linearcollider. Here,weinsteadanalyzethe productionof squarkgor ahypotheticak e~
colliderwith a centerof-massenegy of aboutl.5TeV.

The L-squarkscandecayinto the whole spectrumof chaginosandneutralinos.While
in our scenariahe light chaginosandneutralinosdecayinto taus,the heavier stateshave
large BRsinto gaugebosonsandcanbedistinguishedhroughthesechannels Seeg[8] for
details. The tau leptonsin the final statecanbe identifiedin their hadronicdecaymode
with roughly 80%taggingefficiency.

For this work, Monte-Carlosampledor squarkpair productionin the differentsquark
decaychannelfave beengeneratedt the partonlevel with thetools of Ref.[4]. Also the
mostrelevantbackground$ave beensimulated,stemmingfrom doubleandtriple gauge
bosonproductionaswell astt production. It is assumedhat an integratedluminosity
of 500fh~! is spentfor a polarizationcombination” (e™)/P(e~) = +50%/-80%, which
enhanceshe productioncrosssectionboth for 4, anddy, production. Here F indicates
left/right-handedpolarization.The BRsareobtainedfrom measuringhe crosssectionsof
all accessiblalecaymodesof the squarksandidentifying the fraction of decaysinto one
specificdecaymodeout of these.

Sincethe squarksareproducedn chage-conjugategairs, it is a priori difficult to dis-
tinguishup- anddown-squarksn thefinal state.However, assuminginiversalitybetween
thefirst two generationsa separatiorbetweerup- anddown-typesquarkscanbe obtained
throughcharmtagging. Accordingto Ref.[12], a c-taggingefficiency of 40%is achiev-
ablefor a purity of 90%. By combiningthe differentdecaychannelsthe following final
statesignaturesreidentifiedasinteresting:jj(nt)¥ with n € {1,2, 3,4}, ce(n7)E with
n € {2,4}, jjrr(Z/W)E, cert ZF, wherej indicatesan untaggedet, ¢ ataggedcharm
jet, and Z/W a hadronicallydecayinggaugebosonwherethe invariantmassof the two
jets combinesto the given gaugebosonmass. Sinceseveral squarkdecaychannelscan

Pramana—J. Phys.,Vol. xx, No. X, XXX XXXX 3



A Freitasand P Z Skands

Table 2. Combinationof statisticaland systematicerrorsfor the same-sigrsquark
crosssectionatthe LHC andthe derivation of the strongSUSY-Yukawva coupling.

olquar] s/ Gs

LHC signalstatistics 4.9% 1.3%
SUSY-QCD Yukawa couplingin ¢, background 2.4% 0.6%
PDFuncertainty 10% 2.4%
NNLO corrections 8% 2.0%
SquarkmassAmg,, = 9 GeV 6% 1.5%
BR[i. — ¢’ X1] 8.2% 2.0%
17.3% 4.1%

contribute to mostof the final statesabove, one hasto solve a linear equationsystemin
orderto derive theindividual contributions. With this procedureve estimatethe precision
for the BRs of the squarksinto chaginosto be BR(ar, — dx3) = (67.7 + 3.2)% and
BR(dr, — uy;) = (63.9 £ 5.2)%.

Basedonthesimulationsor squarkproductionatthe LHC andthelLC presentedbove,
onecannow derive anestimateor the precisionfor the determinatiorof the strongSUSY
Yukawa couplinggs. The statisticaluncertaintyis combinedwith the mostimportantsys-
tematicerrorsourcesn Tah 2. We consideredhefollowing systematierrorsourcesThe
remainingbackgroundrom gluino productionat the LHC introducesa systematicerror
sinceit dependn gs, which is estimateddy varying gs. Theuncertaintyfrom the proton
partondistribution functions(PDFs)is evaluatedoy comparingresultsfor differentCTEQ
PDFs[13]. The uncertaintyof the missingO(a?) radiative correctionsare estimatedoy
varyingtherenormalizatiorscaleof the O(«s) correcteccrosssectionwithin afactortwo.
Furthermoreahecrosssectiondepend®nthevaluesof thesquarkmasseswhichaccording
to Ref. [6] canbe determinedwith an error betterthan Amg, = 9 GeV. Finally, the ex-
pectederrorfor the determinatiorof the squarkbranchingratiosatthelinearcollider must
be included. Combiningall error sourcesn quadratureit is found thatthe SUSY-QCD
Yukawa couplinggs canbedeterminedvith anerror4.1%in thegivenscenario.
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