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Abstract. In order to establishsupersymmetry(SUSY) at future colliders, the identity of gauge
couplingsandthecorrespondingYukawacouplingsbetweengauginos,sfermionsandfermionsneeds
to be verified. Here a first phenomenologicalstudy for determiningthe Yukawa coupling of the
SUSY-QCDsectoris presented,usinga methodwhichcombinesinformationfrom LHC andILC.

Oneof thefundamentalrelationsin softlybrokensupersymmetrictheoriesis theequality
betweenthe Yukawa coupling �� of a gauginointeractingwith a fermion anda sfermion
andthecorrespondingStandardModel (SM) gaugecoupling � of a gaugebosonandtwo
(s)fermions,��� �� . At colliders,this relationcanbe investigatedthroughtheproduction
cross-sectionsfor SUSYparticles.Within the Minimal SupersymmetricStandardModel
(MSSM), it hasbeenshown [1–4] that the SUSY Yukawa couplingsin the electroweak
sectorcanbepreciselytestedat theper-centlevel at ahigh-energy 	�
�	�
 collider (ILC).

However, the analysisof the SUSY Yukawa coupling ���� in the QCD sectoris much
moredifficult. At theILC this interactioncouldbestudiedin theprocess	�
�	�
������������ ,�������� [5], but suffers from very low ratesandlargebackgrounds.At theLHC on theother
hand,squarksandgluinoswith massesbelow 2–3TeV areabundantlyproduced,andtheir
pair productioncrosssectionsdependdirectly on �� � . However, measurementsof total
crosssectionsareexceedinglydifficult at hadroncolliders,with typically only oneor two
specificdecaychannelsof thesquarksandgluinosexperimentallyaccessible[6].

In thiscontribution,acombinationof ILC andLHC measurementsis considered,where
the relevant branchingratios are to be determinedat ILC andcombinedwith exclusive
crosssectionmeasurementsin selectedchannelsat theLHC.

In ��� collisions, squarksand gluinos can be producedin variouscombinations,see
Fig. 1. The productionof same-signsquarks( ��! ��" , ...) is especiallyinteresting,since
it only proceedsthroughthediagramin thelower left of Fig. 1, andthusdependssolelyon
theSUSYYukawacoupling �� � . In ��� collisionsthis processdominantlyproduces�� and �#
squarks,in directproportionto thequarkcontentof theproton.

While the typically lighter ��%$ almostexclusively decaysdirectly into the lightestneu-
tralino anda quarkjet, thusnot allowing chargetagging,for theheavier ��  thechargeof
thesquarkcanbetaggedthroughacharginodecaychain,
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Theproductionof same-signsquarkswith this decaychannelwill thusleadto two same-
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Figure 1. Examplesfor Feynmandiagramsfor partonicsquarkandgluinoproduction
in BCB collisions.DotsindicatethegaugecouplingD�E , squarestheYukawa coupling FD�E .

sign leptons,two hardjets andmissingtransverseenergy in the final state. Otherdirect
squarkproductionprocesseson theotherhandwill tendto produceopposite-signleptons.

A very problematicbackgroundcancomefrom gluino pair andmixed gluino-squark
productionif G�HIKJ GLHMON . In this case,gluinos can decayinto quarksand squarks,
�� �P�Q��  , generatinga componentof two same-signsquarksplus additionaljets. This
backgroundis very challengingif themassdifferenceG�HISR GTHMON is small,sincethenthe
additionaljetsfrom thegluinodecaywill besoft. In thefollowing we will only considera
scenariowherethe G�HI�R GLHMON massdifferenceis sufficiently largeto allow avetoonaddi-
tional jets for gluino backgroundreduction.We usea modificationof theSPS1ascenario
[7], wherethegluinomassis raisedto 700GeV.

Themostimportantbackgroundsfrom StandardModelsourcesare UWVXUWV1YCY , whereY
is a light-flavor jet, andsemi-leptonicZ �Z , with thesecondleptoncomingfrom thedecayof
a [ quark.Dueto thelargetotal Z �Z crosssection,thiscanresultin asizablebackground.

Wecomputenumericalresultsfor expectedsignalandbackgroundlevelsincludingsome
simpleestimatesfor the detectorresponseandresolution(see[8] for details),but do not
performa real experimentalanalysis. In our scenario,the chargino mainly decaysinto
scalartaus,which subsequentlydecayinto taus. To tracethe charge explicitly, herewe
only considertheleptonictaubranchingfractionin thedecaychain
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andsimilarly for �#  . Both signalandtop andgluino backgroundsweresimulatedwith
PYTHIA 6.326[9], while the UrU�YCY backgroundwasgeneratedwith MADEVENT [10].
The crosssectionsfor squark,gluino and top productionwere normalizedwith the s -
factorsfor next-to-leadingorder QCD corrections[11], while for the UWVXUWV1YCY back-
groundonly leadingorderresultsareavailable.

As a first step,thefollowing preselectioncutsareapplied:at least100GeV transverse
missingenergy, at least2 jetswith �utwv x Jmy3z�z GeV, andtwo isolatedleptons

h � 	 /{o with
�utwv | Jm} GeV. At this level, mostbackgroundsarestill largerthanthesignal,seeTab1.

Using a [ veto is effective againstthe gluino and Z �Z backgrounds.A high efficiency
of ~ ��� z % reducesthe backgroundsubstantially, at the price of a alsohigh mistagging� �K��� % rate for the signal. The large SM backgroundscanbe further suppressedby
a cut on the missingtransverseenergy ln , with ln J�y � z GeV. At this point, the gluino-
relatedbackgroundsdominate. They are reducedby a cut on hard additional jets. By
rejectingall eventswith � twv x g J � z GeV, the ratio of the signalto gluino backgroundis
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Table 1. Signalandbackgroundcrosssectionsfor progressive applicationof cuts.
CrossSections Signal Backgrounds
������� �_� ��� �,� (fb) ���� ���� Sum �3�� ���q���i�3� ���� �D ���� ��f� � �D��D

Total 2100 - 8 ������� - 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��m  �,¡¢� GeV 15.1 22.2 6.1 - 9.0 6.2 0.9
Bp£ � ¤a¥S¦ ¡�� GeV 7.8 5.9 2.4 N/A 1.0 2.5 0.03
B £ � ¤{§  ©¨ �f� 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
� twv x � J � z�z GeV, thetop backgroundis suppressedfurther, resultingin thecrosssection
estimatein Tab. 1. Thesignal-to-backgroundratio is 1.4,sufficient to allow a meaningful
measurement.With anintegratedluminosityof 100fb 
 � , thestatisticalerroron thesame-
signsquarkcrosssectionis 4.9%.

In orderto obtainfrom themeasuredratesat theLHC thetotal squarkproductioncross
section,the individual branchingratios (BRs) in the decaychaineq. (2) mustbe deter-
mined.Herewe explore,how thesecouldbeextractedfrom measurementsat ILC.

The chargino BRs canbe determinedfrom chargino pair production.Due to the large
crosssectionfor thatprocess,all possiblecharginodecaychannelscanbeeasilyseparated
from backgrounds,andtheexpectederroron theBR is about1%.

In the given scenariothe L-squarksareslightly too heavy to be accessibleat a 1 TeV
linearcollider. Here,weinsteadanalyzetheproductionof squarksfor ahypothetical	�
�	�

colliderwith acenter-of-massenergy of about1.5TeV.

TheL-squarkscandecayinto thewholespectrumof charginosandneutralinos.While
in our scenariothelight charginosandneutralinosdecayinto taus,theheavier stateshave
largeBRsinto gaugebosons,andcanbedistinguishedthroughthesechannels.See[8] for
details. The tau leptonsin the final statecanbe identifiedin their hadronicdecaymode
with roughly80%taggingefficiency.

For this work, Monte-Carlosamplesfor squarkpair productionin the differentsquark
decaychannelshavebeengeneratedat thepartonlevel with thetoolsof Ref. [4]. Also the
mostrelevantbackgroundshave beensimulated,stemmingfrom doubleandtriple gauge
bosonproductionas well as Z �Z production. It is assumedthat an integratedluminosity
of 500fb 
 � is spentfor a polarizationcombinationª¬«{	 
Q­ / ª¬«{	 
w­ = +50%/R 80%,which
enhancesthe productioncrosssectionboth for ��" and �#  production. Here ® indicates
left/right-handedpolarization.TheBRsareobtainedfrom measuringthecrosssectionsof
all accessibledecaymodesof thesquarksandidentifying the fractionof decaysinto one
specificdecaymodeout of these.

Sincethesquarksareproducedin charge-conjugatedpairs,it is a priori difficult to dis-
tinguishup- anddown-squarksin thefinal state.However, assuminguniversalitybetween
thefirst two generations,aseparationbetweenup-anddown-typesquarkscanbeobtained
throughcharmtagging. Accordingto Ref. [12], a ¯ -taggingefficiency of 40% is achiev-
ablefor a purity of 90%. By combiningthedifferentdecaychannels,the following final
statesignaturesareidentifiedasinteresting:YCY�«a° d ­ ln with °²±k³ y /

�
/
´
/
µ�¶

, ¯0¯f«a° d ­ ln with
°�±©³ � /

µ�¶
, YCY d�d «�·(¸�U ­ ln , ¯¹¯ d�d · ln , whereY indicatesanuntaggedjet, ¯ a taggedcharm

jet, and ·(¸�U a hadronicallydecayinggaugebosonwherethe invariantmassof the two
jets combinesto the given gaugebosonmass. Sinceseveral squarkdecaychannelscan

Pramana– J. Phys.,Vol. xx, No. x, xxx xxxx 3



A Freitas and P Z Skands

Table 2. Combinationof statisticaland systematicerrors for the same-signsquark
crosssectionat theLHC andthederivationof thestrongSUSY-Yukawacoupling.

��º»���� ����0¼ FD E{½ D E
LHC signalstatistics 4.9% 1.3%
SUSY-QCDYukawa couplingin ��C� �D background 2.4% 0.6%
PDFuncertainty 10% 2.4%
NNLO corrections 8% 2.0%
Squarkmass¾(¿²À�ÁNÃÂ©Ä GeV 6% 1.5%
BRº»�� �ÆÅ �CÇ �È � � ¼ 8.2% 2.0%

17.3% 4.1%

contribute to mostof the final statesabove, onehasto solve a linear equationsystemin
orderto derive theindividual contributions.With this procedurewe estimatetheprecision
for the BRs of the squarksinto charginosto be BR «¹��" � # �& +� ­

� «ÊÉ } 2 }ÆË
´
2
� ­ % and

BR« �#  � � �&wÌ � ­
� «ÍÉ ´ 2

� Ë � 2
� ­ %.

Basedonthesimulationsfor squarkproductionat theLHC andtheILC presentedabove,
onecannow deriveanestimatefor theprecisionfor thedeterminationof thestrongSUSY
Yukawa coupling �� � . Thestatisticaluncertaintyis combinedwith themostimportantsys-
tematicerrorsourcesin Tab. 2. Weconsideredthefollowing systematicerrorsources.The
remainingbackgroundfrom gluino productionat the LHC introducesa systematicerror
sinceit dependson ���� , which is estimatedby varying ���� . Theuncertaintyfrom theproton
partondistribution functions(PDFs)is evaluatedby comparingresultsfor differentCTEQ
PDFs[13]. The uncertaintyof the missing ÎÃ«{Ï �� ­ radiative correctionsareestimatedby
varyingtherenormalizationscaleof the ÎÐ«�Ï � ­ correctedcrosssectionwithin a factortwo.
Furthermorethecrosssectiondependsonthevaluesof thesquarkmasses,whichaccording
to Ref. [6] canbe determinedwith an error betterthan ÑÒG HM N ��� GeV. Finally, the ex-
pectederrorfor thedeterminationof thesquarkbranchingratiosat thelinearcollidermust
be included. Combiningall error sourcesin quadrature,it is found that the SUSY-QCD
Yukawacoupling �� � canbedeterminedwith anerror4.1%in thegivenscenario.
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