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AbstratThe identity of the quark-squark-gluino Yukawa oupling with the orrespondingquark-quark-gluon QCD oupling in supersymmetri theories an be examined experi-mentally at the Large Hadron Collider (LHC). Extending earlier investigations of like-sign di-lepton �nal states, we inlude jets in the analysis of the minimal supersymmetristandard model, adding squark-gluino and gluino-pair prodution to squark-pair pro-dution. Moreover we expand the method towards model-independent analyses whihover more general senarios. In all ases, squark deays to light harginos and neu-tralinos persist to play a dominant role.
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1 IntrodutionA harateristi onsequene of supersymmetry is the identity of the quark-squark-gluinoYukawa oupling with the quark-quark-gluon oupling in SUSY-QCD [1℄:ĝs(q~q~g) = gs(qqg) (1)whih persists to hold after the supersymmetry is broken softly. Similar identities are pre-dited in other setors of the supersymmetri extension of the Standard Model.Pair prodution of sleptons and harginos/neutralinos in e+e� ollisions has been inves-tigated to test the identity of Yukawa with gauge ouplings in the non-oloured eletroweaksetor, f. Refs. [2{4℄. The equality of eletroweak Yukawa and gauge ouplings is expetedto be studied at the per-ent to per-mil level by these experiments. In a reent report,Ref. [5℄, the measurement of like-sign di-leptons has been examined to study the squark-pairprodution proesses qq ! ~q~q. Sine these proesses are mediated solely by the exhange ofgluinos, they provide, in priniple, the most appealing measurement of the Yukawa ouplingin supersymmetri QCD. All branhing ratios in the deay asade ~q ! ~��1 ! ~̀ have beenassumed to be known in evaluating the ~q~q pair ross setion whih involves the Yukawaoupling.In this note we extend the analysis in two diretions. First we will inlude the measure-ment of jets in like-sign di-lepton events, motivated by the large prodution ross setions forgluinos [6℄ whih signi�antly enlarge the like-sign di-lepton ensemble through instantaneousdeays to real or virtual squarks [see also Ref. [7℄℄. In a seond step we will investigateexperimental senarios in whih only the properties of light gaugino-type harginos and neu-tralinos have been pre-determined either at LHC or at an e+e� linear ollider [8℄. Thismethod, within a wide variety of theories, does not rely, in partiular, on the measurementof the deay branhing ratios of heavy squarks. Instead of studying the absolute size of theross setions, we will analyse ratios of like-sign di-lepton ross setions and the evolutionof these ross setions with the transverse momenta of additional jets. Inluding jets withvarying transverse momenta in the analysis hanges the relative weight of the subproesseswith di�erent dependene on the Yukawa oupling. Therefore, relating the ross setionsfor di�erent �nal state on�gurations, the overall normalisation an be eliminated from theanalysis and the Yukawa oupling an be determined without a priori knowledge of thebranhing ratios for ~q deays.2 Squark and gluino prodution at the LHCMost suited for this purpose, in the area of parameter spae in whih gluinos are heavierthan squarks, are the basi subproessessquark-pair prodution : q q ! ~q ~q (g) (2)Compton proess : g q ! ~q ~g (g) with ~g ! ~q q (3)f. Fig. 1. Gluinos deay instantly to squarks under this kinematial ondition. (g) denotesadditional gluon jets emitted in the prodution proess. The analysis of this kinematial1
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Figure 1: Charateristi examples of Feynman diagrams for partoni squark and gluinoprodution in hadron ollisions. Dots indiate the gauge oupling gs, while squares representfor the Yukawa oupling ĝs. Gluon radiation in the initial state, indiated by the dashedlines, an lead to extra hard jets.area, admittedly, is easier than the reverse mass on�guration but suÆient to illustrate thebasi points. Other proesses of seondary importane, like gluino-gluino pair produtionet., have been inluded in the �nal analysis properly. As evident from Fig. 1, the size ofthe ross setion for squark-pair prodution is set by the fourth power of the strong Yukawaoupling, ĝ4s , while the ross setion of the Compton proess is determined by the produt ofthe seond power of the gauge and Yukawa ouplings, g2s ĝ2s . Sine the relative weight of thesubproesses hanges for di�erent jet �nal-state on�gurations, the Yukawa oupling an bemeasured by omparing the ross setions in di�erent parts of the phase spae.To fous on the basi proesses Eqs. (2),(3) and to redue the bakgrounds from otherSUSY proesses, squark-squark pairs of the same harge should be seleted. This an beahieved by studying like-sign di-lepton �nal states [5℄ in gaugino-type hargino and neu-tralino deay hains of two L- and R-type squarks like~uL ! d+ ~�+1 ! jet + `+ + 6E~uL;R ! u+ ~�02 ! jet + `+=`� + 6E (4)~dL ! u+ ~��1 ! jet + `� + 6E~dL;R ! d+ ~�02 ! jet + `�=`+ + 6E (5)with 6E denoting the missing energy. SU(2) isospin invariane guarantees that the partialwidths for ~uL and ~dL deays to harginos are equal to very good approximation in thison�guration. Assuming CP-invariane, the subsequent leptoni deays of ~��1 are relatedto ~�+1 , and the ~q�L deays to the ~qL deays. For pure SU(2) singlet gaugino LSP states �01,R-type squarks ~qR will deay into the hannel qR+�01, not generating harged leptons in the2



�nal state.Extended mixing in the third-generation stop and sbottom setor will signi�antly in-rease the omplexity of the analysis [though the prodution of stops may prove partiularlyuseful in testing the Majorana harater of gluinos [9℄℄. However, salar top and bottom de-ays generate b quarks in the �nal states whih, by tagging, an be used to strongly reduethe inuene of these spartiles on the analysis.The branhing ratios for gluino deays to squarks plus quarks depend only on the gluino,squark and quark masses so that they an be predited unambiguously in the Comptonproess. To leading order the widths are given by the Yukawa ouplings whih howeveranel from the branhing ratios.3 Di-lepton plus jet analyses in the MSSMIn the �rst step we have elaborated on the details of the sheme outlined above within theSUSY senario de�ned in Ref. [5℄. Apart from the slightly inreased gluino mass to improveon jet tagging, the senario orresponds to the referene point SPS1a [10℄, desribing a spe-i� light-mass senario within the minimal supersymmetri standard model MSSM.1 Typialparameters, masses and branhing ratios relevant to the present analysis, are olleted inTable 1.Similarly to Ref. [5℄, we will assume in this setion that all the parameters, masses andbranhing ratios, have been pre-determined in squark asades at LHC and/or analysesat an e+e� linear ollider. It should be noted, however, that within the group-theoretialframe of the minimal supersymmetri extension of the Standard Model [MSSM℄, the squarkbranhing ratios an be predited if the struture of the hargino/neutralino setor has beenexplored at a low-energy lepton ollider. Within this framework the measurement of thesquark-deay branhing ratios an be substituted by the ompleteness assumption of theMSSM. The assumption an be ross-heked internally at LHC by searhing for non-MSSMsquark deays.About two thirds of the time, the light-avor L-squarks deay into the harginos ~��1 ,while about one third of the deays go into the neutralino ~�02, following from the fat thatthe L-squarks have small hyperharges, Y~qL = 1=6, and thus predominantly ouple to winos.Furthermore, sine the mixing between the bino and wino omponents of the neutralinosis small, as well as the mixing between L- and R-squark states negligible, the branhingfrations of the up- and down-squarks are almost equal. This is in partiular the ase inour referene senario, f. Table 1, and a onsequene of SU(2) and CP invariane. [Notethat in general CP invariane an be broken in the MSSM by omplex parameters, but inthis analysis all supersymmetry and supersymmetry breaking parameters are assumed to bereal.℄Due to the relatively large value of tan � = 10 in this senario, the harginos ~��1 al-most exlusively deay to the salar tau ~�1, whih subsequently deays to taus. To trae1The model in Ref. [5℄ is de�ned stritly at the weak sale and is not intended to aurately reet eitherGUT sale physis or osmologial parameters whih most likely are a�eted by other mehanisms too.3



a) Weak sale soft supersymmetry breaking parameters:M1 = 101 GeV mL3 = 199 GeV mQ1 = 551 GeV mQ3 = 499 GeVM2 = 192 GeV mR3 = 136 GeV mU1 = 529 GeV mU3 = 418 GeV� = 352 GeV mD1 = 526 GeV mD3 = 523 GeVtan � = 10 A� = �256 GeV Ab = �797 GeV Ab = �505 GeVb) Superpartner pole masses:m~uL = 567 GeV m ~dL = 573 GeV m~uR = 547 GeV m ~dR = 546 GeVm~t1 = 396 GeV m~b1 = 515 GeV m~t2 = 586 GeV m~b2 = 544 GeVm~�01 = 97 GeV m~�02 = 181 GeV m~��1 = 176 GeV m~�03;4 ; m~��2 � 370 GeVm~�1 = 136 GeV m~�2 = 208 GeV m~g = 700 GeV) Relevant branhing ratios:BR[~uL ! d ~�+1 ℄ = 65% BR[~��1 ! ~���� ℄ = 95% BR[~g ! q ~qL℄ = 7:1%; q 6= b; tBR[ ~dL ! u ~��1 ℄ = 61% BR[~��1 !W �� ~�01℄ = 5% BR[~g ! q ~qR℄ = 9:6%; q 6= b; tBR[~uL ! u ~�02℄ = 32% BR[~g ! b~bi℄ = 23%BR[ ~dL ! d ~�02℄ = 31% BR[~g ! t ~t1℄ = 10%Table 1: Referene senario used in this analysis. It oinides with the MSSM Snowmasspoint SPS1a [10℄, exept for the slightly larger gluino mass [5℄. The low-energy spetrumhas been alulated by means of SoftSUSY 1.9.1 [11℄.the harge of the squarks expliitly, we restrit ourselves to the leptoni tau deays. Thephenomenologial analysis we will therefore be designed suh that the deay hains~uL 65%���! d ~�+1 100%���! d �+ �� ~�01 35%���! d `+ + 6E~dL 61%���! u ~��1 100%���! u �� ��� ~�01 35%���! u `� + 6E [` = e; �℄ (6)are singled out. The numbers above the arrows denote the branhing frations.The LHC proesses whih have been studied in this report are like-sign di-lepton �nalstates plus a number of jets with variable transverse momenta:pp! `�`� + 2 jets + 6E (7)pp! `�`� + 3 jets + 6E (8)pp! `�`� + 4 jets + 6E (9)and possibly additional jets from gluon radiation, that however tend to have smaller trans-verse energies than the jets emitted in squark and gluino deays.4



The �rst proess, Eq. (7), onentrates on diret squark-pair prodution, the lassialreation [5℄ for measurements of the strong Yukawa oupling with the basi ross setionsaling as ĝ4s . The transverse momentum of the jets is assumed beyond 200 GeV.In the seond proess, Eq. (8), we demand two high transverse momentum jets withET � 200 GeV, plus an additional third jet with variable transverse momentum. For lowtransverse momenta of the third jet, diret squark-pair prodution is projeted out, movingthe dominant weight to the Compton proess however for inreasing transverse momentum.In this way, depending on the transverse momentum, di�erent powers of the Yukawa oupling,� 1(pT)ĝ4s + 2(pT)g2s ĝ2s , beome relevant.The evaluation of the third proess, Eq. (9), parallels the previous analysis. It does notprovide new methodologial insight but inreases statistis when inluded.To analyse the prospets for extrating the SUSY-QCD Yukawa oupling in a realistiexperimental environment, we have generated samples for the squark and gluino produtionproess as well as SM bakgrounds with Pythia 6.408 [12℄, inluding gluon and quarkradiation through virtuality-ordered parton showers, string hadronisation and the underlyingevent aording to `Tune A' [13℄. The required modi�ations for varying the SUSY-QCDYukawa oupling independently of the gauge oupling were implemented in a private version2,aording to the lowest-order ross setions given in [6℄. The main SM bakgrounds originatefrom t�t prodution as well as WWjj prodution. The WWjj proess was generated withMadGraph [14℄, without QCD radiation and fragmentation.The ross-setions for squark, gluino and top prodution were normalised by K-fatorsto the values obtained with next-to-leading order QCD orretions [6, 15℄, while for theW�W�jj bakground only leading order results are available. In analysing distributions,K-fators as alulated for the total ross-setions have been inluded; this approximation isbased on onlusions of Ref. [6℄ where the primary distributions have been shown not to bedistorted by more than 10% so that a uniform resaling is justi�ed. A possible ompliationis reated by the fat that the gluino is quite wide in our senario, with �~g � 35 GeV atleading order, generating doubts whether the narrow-width limit is justi�ed. For example,the onvolution of the orresponding Breit-Wigner funtion(s) with the steeply falling partondistributions greatly distorts the �nal distribution { to the point of even reating a spuriouspeaking towards low masses. We note that this issue is generi for gluon-indued proessesinvolving wide resonanes at the LHC, and although we do not aim to solve it here, thereader should be aware of this problem.Finally, the detetor response was parametrised by simple aeptane uts: a toy alorime-ter spanning the pseudorapidity range j�j < 5 with a resolution of 0:1� 0:1 in � � � spaewas assumed. Jets were identi�ed with a simple UA1-like one jet algorithm (PYCELL), witha one size of �R = 0:4. Muons and eletrons were reonstruted inside j�j < 2:5 and anisolation riterion was further imposed, requiring both less than 10 GeV of additional energydeposited in a one of size �R = 0:2 around the lepton and also no reonstruted jets withpT;j > 25 GeV loser than �R = 0:4 around the lepton. These riteria dupliate the default2Publily available from Pythia version 6.4.19. 5



Proess Total ross-setion Cross-setion with BRs and uts EÆieny�[~qL~qL℄ 2.1 pb 6.1 fb 0.29%�[~qL~q�L℄ 1.4 pb 3.1 fb 0.23%�[~qL~g℄ 7.0 pb 7.6 fb 0.11%�[~g~g℄ 3.2 pb 1.4 fb 0.04%�[SM℄ 800 pb <0.6 fbTable 2: Signal and bakground ross-setions after applying the uts mentioned in thetext.settings of the ATLFAST simulation pakage [16℄.All the signal proesses, Eqs. (7) to (9), are haraterised by the similar features of twoleptons, missing energy and at least two hard jets. Therefore the following preseletion utshave been used in the event generation:� At least 6E > 100 GeV of missing energy.� At least 2 jets with pT;j > 100 GeV.� Exatly two isolated same-sign leptons ` = e; � with pT;` > 7 GeV.To redue the SM bakground, the �nal analysis in addition employs the soft seletion uts� At least 6E > 300 GeV of missing energy.� At least 2 jets with pT;j > 200 GeV.� Veto on identi�ed bottom-quark jets, using a tagging eÆieny of � = 90% with amistagging rate D = 25% [5,16℄.These uts have been optimised to minimise the remaining SM bakground, however at theost of being relatively expensive on the signal statistis as well. This hoie is justi�edby the goal to interpret the measured signal rate and distributions as a ombination of ~u; ~dsquark and ~g gluino prodution proesses, so that it is mandatory to keep the ontaminationfrom bakground proesses as low as possible.The veto on bottom quarks is e�etive against the t�t bakground, but it also helps torejet the unwanted deay modes of the gluinos into salar bottoms and salar tops. Sinethe stop and sbottom deay hains an deviate signi�antly from those of the light-avoursquarks, it is advantageous to remove them from the analysis. As mentioned above, therelevant branhing ratios of the gluinos into di�erent squark avours an be determinedunambiguously from the gluino, squark and quark masses.After appliation of the uts, the signal and bakground ross-setions listed in Tab. 2are obtained. Thus, with a total luminosity of 300 fb�1 about 2700 squark pair events and1750 events from the Compton proess are expeted.6



0

1

1

2

2

3

3

4

4 5

σ [fb]

Njets

q̃q̃

q̃q̃∗

q̃g̃

g̃g̃

SM

Figure 2: Results of simulations for the number of identi�able jets, for the di�erent proessesthat lead to the general signatures in Eqs. (7) to (9). For the �rst two jets, a threshold ofpT;jet > 200 GeV has been used, while pT;jet > 50 GeV for the other jets.After reduing the SM bakground, the three high-energy proesses pp ! ~qL~qL, ~qL~g, ~g~gshould be distinguished in order to extrat the SUSY-QCD Yukawa oupling ĝs. As outlinedabove, in a �rst step this an be ahieved, statistially, by analysing the number of hard jetsin the �nal state, see Fig. 2. With a transverse momentum threshold of pT;jet > 50 GeV forthe jets beyond the two hardest jets (with pT;jet > 200 GeV), the sample of events with onlytwo jets is dominated by squark pair prodution. On the other hand, events with three ormore jets largely originate from the Compton proess pp ! ~qL~g. For Njets � 4, gluino pairprodution also ontributes to the di-lepton + jets signal, though the rate for this proess isstrongly suppressed due to the b veto.From the measured rates for events with 2, 3 and 4 jets, and using the pre-determinedbranhing ratios for squarks and gluinos, the oupling ĝs an be determined. A similaranalysis has already been performed in Ref. [5℄, but only using the 2-jet portion. Inludingthe higher statistis of the 3- and 4-jet events, we onlude that a muh more preise mea-surement of ĝs ould be possible. From a �t to the simulated data, the statistial error isestimated to be only 0.4%, assuming a total luminosity of 300 fb�1.With this preision, systemati errors might beome the limiting fator for the auratedetermination of ĝs. We have identi�ed and estimated the following dominant soures ofsystemati unertainties.The extration of a ross setion for a hard prodution proess at a hadron olliderdepends on the knowledge of the parton distribution funtions (PDFs) of the protons inthe initial state. It is likely that our knowledge of PDFs for proesses with large transversemomentum will be improved by data taken at the LHC itself. Nevertheless, here we adopta onservative approah and estimate the unertainty resulting from PDFs by omparingresults for di�erent CTEQ PDFs releases (CTEQ6M, CTEQ6D, CTEQ5M1, CTEQ5L andCTEQ6L1) [17℄ that are available today. It is found that this variation leads to an unertaintyof about 1% in the extrated Yukawa oupling.7



Error soure Æ[ĝs=gs℄Method A B CLHC statistis for 300 fb�1 0.6% 3.0% 4.9%PDF unertainty 1.4% 3.0% 3.0%NNLO orretions 2.0% 3.2% 3.2%Mass measurements �m~q = 10 GeV 2.0% 1.2% 1.2%�m~g = 12 GeV 1.1% 2.2% 2.2%Total 3.4% 5.9% 7.3%Table 3: Combination of statistial and systemati errors for extrating the SUSY-QCDYukawa oupling from like-sign dilepton events inluding jet transverse-momentum distribu-tions at the LHC. In Method A the omplete information on squark branhing ratios from amulti-TeV e+e� ollider is used for an SPS1a-type senario. Method B is based on LHC datapotentially alone, but supported eventually by 1 TeV e+e� ollider data, and ombined withmoderate assumptions on new heavy iso-salar singlets. Method C allows for more omplexsenarios in the neutralino setor than enoded in SPS1a-type referene points, allowingagain for the presene of new Standard Model singlets.Furthermore, the preise analysis of the squark and gluino ross setions relies on au-rate squark and gluino mass measurements and on theoretial alulations of higher-orderorretions. For the spartile mass errors, we have adopted the results of Ref. [19℄, where anunertainty of about 10 GeV is expeted for the L-squark masses and about 12 GeV for thegluino masses. On the theoretial side, the next-to-leading order orretions are known [6℄and have been inluded in the analysis. The unertainty of the missing O(�2s ) ontributionsare estimated by varying the renormalisation sale of the O(�s) orreted ross setion be-tween m=2 < Q < 2m, where m is the average mass of the produed spartiles (squark orgluino).The error estimate does not inlude the unertainty for the squark branhing ratioswhih are presumed to be small. In pratie, due to the large squark masses in our referenesenario, they ould either be measured at an e+e� linear ollider with energy beyond 1TeV or, based alternatively on the losure of the MSSM, one ould reonstrut the neu-tralino/hargino setor at a 500 GeV linear ollider with high preision at the per-ent toper-mil level [3, 18℄ and derive the squark branhing frations from this information.The e�et of the systemati errors and the ombined error, obtained by adding all indi-vidual error soures in quadrature, are listed in Table 3 (Method A). It turns out that thetotal error, Æ[ĝs=gs℄ = 3:4% is dominated by systemati e�ets.With a luminosity upgrade of the LHC, yielding a total luminosity of 1 ab�1, and as-suming that the mass and PDF unertainties will improve with higher luminosity, this errorould be redued to 2.5%. 8



4 Towards model-independent analysesThe proedure of determining the Yukawa oupling ĝs as outlined in the previous setionan be expanded towards a more general analysis. Though the problem is too omplex toallow for a ompletely model-independent analysis, methods an nevertheless be exploitedwhih are based only on the pre-determined hargino/neutralino system, as expeted to beknown from LHC and/or e+e� ollider measurements, ombined with natural assumptionson the struture of theories beyond the minimal supersymmetri extension of the StandardModel MSSM. Central to this approah is the irumvention of external measurements ofheavy squark-deay branhing ratios whih, for general expetations of the spetrum, anonly be performed at a multi-TeV lepton ollider.4.1 MSSM plus heavy iso-singletsFirst we will analyse a senario in whih the MSSM is expanded by a set of heavy iso-salar partiles, with little mixing between standard and new states, as ould be expetedin extended Higgs and gauge theories, see e.g. Refs. [20℄.Proeeding from the same senario as analysed in setion 3, we observe that the harginosand neutralinos are light enough to be produed as diagonal and mixed pairs in e+e� ollisionsbelow 1 TeV, ~�+i ~��j (i; j = 1; 2) and ~�0i ~�0j (i; j = 1; : : : ; 4). Masses and mixing parametersan be measured in e+e� experiments, f. Refs. [3℄, possibly even by observing only asubgroup of the lightest partiles [21℄. They determine the SU(2), U(1) gaugino and higgsinodeomposition of the harginos and neutralinos. Thus the partial widths �(~q ! ~�) an bepredited from these experimental results. Moreover, the deay branhing ratios BR(~� !`�) an be measured diretly. In many senarios even the observation of relatively largemass di�erenes among the neutralinos and harginos [possible at LHC already℄ is suÆientto suggest strongly that the mixing in the neutralino and hargino setor is very small andthus an be negleted for the purposes here. This is the ase, for instane, in the referenesenario studied in this paper.While the partial widths �(~q ! ~� ! `) an be ompletely determined in this senario,the total widths �(~q), and as a result the branhing ratios, remain unknown sine deayhannels to heavy partiles beyond MSSM, in partiular to heavy iso-singlets, may be open.However, sine R-squarks do not deay to leptons in senarios where the lightest neutralinois predominantly bino, the only unknown quantities are the branhing ratios BR(~uL ! ~�+)and BR( ~dL ! ~��) to whih all other branhing frations an be linked one the ~� mixingmatries are known; aording to the Wigner-Ekart theorem:BR(~uL ! ~�02) = 12 fuu(N�; N0)BR(~uL ! ~�+1 )BR( ~dL ! ~�02) = 12 fdd(N�; N0)BR( ~dL ! ~��1 ) (10)The oeÆients fuu;dd are ratios of the hargino N� and the neutralino N0 mixing matrix9



elements, with 12 being the ratio of the standard Clebsh-Gordan oeÆients squared. Forpure ~��1 ; ~�02 iso-vetor winos, the relations simplify to fuu;dd ! 1.This ould be the platform for a 3-parameter analysis, inluding the unknown branhingratios and the strong Yukawa oupling. However, the two branhing ratios above are relatedif squark deays beyond ~��i and ~�0i involve only new iso-singlet partiles with universalouplings to L-squarks, as may be expeted, on quite natural grounds, outside the StandardModel. In the same notation as above, the relation readsBR( ~dL ! ~��1 ) = fdu(N�; N0)BR(~uL ! ~�+1 ) (11)[with fdu ! 1 in the wino limit℄. In this senario the analysis of setion 3 repeats itselfexept for leaving free the overall normalisation, governed by the unknown branhing ratioBR(~uL ! ~�+1 ). In this ase, the SUSY-QCD Yukawa oupling an only be extrated fromratios of the ross setions or from distributions with varying transverse momenta, but notfrom absolute values of ross setions.By analysing the measured rates for events with 2, 3 and 4 jets, one an extrat a ratioof the ross-setions for ~qL~qL and ~qL~g prodution. This has also been exploited for the modelanalyses in Ref. [7℄. By omparison with the theoretial alulations for these ross-setions,this ratio an then be interpreted in terms of the oupling ratio ĝs=gs.The robustness and preision of the Yukawa oupling determination an be improvedby looking not only at the number of identi�ed jets, but also their transverse momentumdistribution.The results of the simulations are presented in Figs. 3. As apparent from the �gure, boththe distributions as a funtion of the pT of the third and the fourth jet an disriminatebetween the two proesses Eqs. (2) and (3). Squark-pair prodution tends to peak towardslow values of pT;3 and pT;4, sine the additional jets are generated in this proess only bygluon radiation from the initial or �nal state. The ~q~g Compton prodution and the ~g~ggluino-pair prodution, on the other hand, typially lead to larger values for pT;3 and pT;4.Therefore, the lower ends of the pT;3 or pT;4 spetra depend more strongly on variationsof ĝs than the region of higher transverse momenta. As a onsequene, the shape of thetransverse momentum distributions is sensitive to the ratio ĝs=gs, independent of the totalnormalisation of the ross-setion.The expeted experimental preision for the determination of the SUSY-QCD Yukawaoupling an be estimated from a binned �2 �t. Assuming 300 fb�1 of integrated luminosity,the statistial error for ĝs=gs is 3.3%. This has to be ombined with systemati errors asgiven in Table 3 (Method B), generating a �nal error of 5.9%. The systemati errors wereestimated in the same way as explained in the previous setion.Sine the overall normalisation is left as a free parameter in this analysis, the result analso be exploited to determine the branhing ratio of squark deays to harginos. A �t topT;3, for instane, an then simultaneously be interpreted as information about the Yukawaoupling and the squark branhing ratio, see Fig. 4.10
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Figure 3: Results of simulations for (a) the distribution with respet to the pT of the thirdjet, and (b) the distribution with respet to the pT of the fourth jet (with pT;3 > 50 GeV).In both plots the ontributions from the proesses in Eqs. (7) to (9) as well as the SMbakground are shown separately, while for the sum the statistial errors for 300 fb�1 is alsoshown.
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and BR( ~dL ! ~��1 ) remain strongly orrelated. The orrelation however does not a�et theauray of the Yukawa oupling signi�antly. With a relative ontribution of 12% to ++ and20% to �� �nal states, respetively, ~�02 pairs ontribute moderately to the signal events,but they lead to almost the same transverse jet momentum distribution as the harginohannels. This explains the relatively preise determination of ĝs, even when the squarkbranhing frations are not pre-determined.The systemati errors in the analysis method C are equivalent to Method B. In total,the error on the ratio ĝs=gs an be expeted lose to 7.3% in this largely model-independentapproah. With a luminosity-upgraded LHC, yielding 1000 fb�1, this error ould be reduedto about 5%.5 ConlusionsA ruial onsequene of supersymmetry is the identity of gauge ouplings with the orre-sponding Yukawa ouplings. Spei�ally in supersymmetri QCD, the quark-quark-gluonoupling and the quark-squark-gluino oupling are predited to be equal [up to radiativeorretions for SUSY sales di�erent from the eletroweak sale, desribed by renormalisa-tion group running℄. In the present analysis we have investigated how this relation an betested through measurements at the Large Hadron Collider (LHC).After identifying a lean signal of same-sign leptons, two or more jets and missing energy,that an be easily separated from Standard Model bakgrounds, we have elaborated how thissignal reeives ontributions from various squark and gluino prodution proesses. Assuminga suÆiently large mass di�erene between gluino and squarks, it was further shown howgluino and squark prodution an be distinguished by analysing the transverse momentumdistribution of additional jets. Sine the gluino and squark prodution ross setions dependin di�erent ways on the SUSY-QCD Yukawa oupling, this oupling an be extrated bymeasurements of the ross setions and jet distributions.We have established analysis strategies that allow the extration of the SUSY-QCDYukawa oupling with varying degrees of model assumptions. In the most restrited ase, ithas been assumed that the omplete deay pattern of the squarks in the MSSM is known,possibly from a high-energy e+e� ollider. In this ase one an perform a measurement of thetotal ross setions for squark-pair, squark-gluino and gluino-pair prodution at the LHC.In a seond step, we have extended the analysis to the situation when the squark branh-ing ratios are not known, allowing for a more general struture of the theory, with iso-singletextensions of the MSSM, for instane. For relatively small mixing in the neutralino setor,several useful relations between di�erent squark partial widths an be established based ongauge invariane, leaving only one branhing ratio, ~uL ! �+ to be determined internallywithin this LHC measurement. In ase of large mixing in the neutralino setor, one endsup in general with three free parameters that nevertheless an be onstrained from LHCdata suh that the impat on the measurement of the SUSY-QCD Yukawa oupling remainsunder good ontrol.For a spei� senario we have demonstrated the appliation of these methods. We have14
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