
SUSY-~e�/~�� StudiesLCWS-2000 talk, Otober 2000 - FermilabCOLO-HEP-454M. Dima, dima�pizero.olorado.eduDept. of Physis, Campus Box-390,Colorado University - Boulder,CO-80309, USAThe e+e� ! ~l+ ~l� mode has the disovery potential forSUSY-leptons and allows the determination of the LSP andSUSY-lepton masses. This study looks at the pratial issuesregarding the mode, suh as bakground rejetion, eÆieny ofuts, both in the lassial and neural network approahes.In supporting the physis programme for the Next Lin-ear Collider [1℄ (NLC) thorough investigations of reationmodes, bakgrounds, as well as detetor response, CPUusage, et are onduted in order to evaluate the NLC dis-overy potential for Supersymmetry [2℄ (SUSY), or othernew physis.
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FIG. 1. Energy distributions for signal traks visible in theevent: a) eletrons, b) positrons and ) both. The hanges inthe distributions with the swith of the e� beam polarizationare due to the ~l�L=R prodution rate variation with beam po-larization and are unique to SUSY. No Standard Model (SM)signal has any similar behavior.

An important reation mode for the disovery ofSUSY-partiles is e+e� ! ~l+ ~l� where the SUSY-leptonsdeay to the Lightest Supersymmetri Partile (LSP)~l� ! ~�01 l�. The mode is haraterized by energy \boxdistributions" of the visible partiles in the detetor,�gure 1 - simulated signal from SUSY Point-2: m0 =100 GeV=2, m1=2 = 300 GeV=2, A0 = 0, tan� = 2,� = �550, m~e�L = 238 GeV=2, m~e�R = 157 GeV=2and m~�01 = 128 GeV=2. The at distribution is dueto the boost of the l� CMS angular distribution into theLAB system of referene: ELAB = (ECMS + ~� � ~pCMS).The magnitude of the boost is onstant, and so are theCMS quantities (in both ases ditated by two body de-ay kinematis), however the heliity angle distribution(CMS l+-angle with respet to boost diretion) is not al-ways at. In the present ase a spin-0 partile deays totwo fermions, the �nal state partiles being in an S-wave(L = 0, at angular distribution). As a onsequene, the
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FIG. 2. Energy distribution of partiles visible in the de-tetor for the two photon proess (green) and signal: (blue)for 80% Left, respetively (red) for 80% Right hand polarized,e� beam polarization signal, all on logarithmi sale.1



ELAB distribution is also at. Conversely, the ELABdistribution an be a hek for the angular distributionin the CMS, and used to on�rm the spin of the parti-les involved. The edge positions of the distribution areuniquely determined by the masses of the partiles in thereation, and an be used to determine these masses.The visible signal in the detetor are two lepton traks.The traks were run through the GEANT 3.0 [3℄ dete-tor simulation. The masking of the signal by SM eventshas been studied elsewhere [4℄ and uts were optimised.A bakground whose magnitude was realised later in theanalysis by N. Danielson, U. Nauenberg and D. Wag-ner is the two photon proess [5℄. These events involvetwo virtual photons (��) produing an l+ l� pair andgive rise to a bakground 2-3 orders of magnitude higherthan that of the SUSY signal, �gure 2. Using a 3 year'sworth of ISAJET [6℄ simulated signal, an equal runningtime sample of two photon bakground events was om-pared to the SUSY signal, for the mahine running atps = 500 GeV. Figure 3 shows the (pmin? , pmax? ) distri-bution for bakground (green) and signal: (blue) - for80% Left, and (red, with pmin? and pmax? interhanged) -80% Right hand e� beam polarization. Min/max refersto the lower/higher p? trak in the event. It is evident
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two photon processFIG. 3. Distribution of (pmin? , pmax? ) for the two photonproess (green) and signal: 80%-Left (blue, lower diagonal)and 80%-Right hand e� beam polarization signal (red, upperdiagonal with pmin? and pmax? interhanged). The two photonproess is mostly onentrated in the 2-6 GeV/ region andan be eliminated to a large extent by the \wedge"-ut illus-trated. The primary high energy e+ e� of the two photonproess are sattered within 40 mrad of the beam line.

that for m~l�R=L � m~�01 = 30=110 GeV�2 (our presentase) the signal region has only some overlap with thebakground. However, when m~l�R=L ' m~�01 (\degener-ate" ase), pmin? ' pmax? ' 0 and the signal \shrinks"into the area oupied by the two photon proess. A\wedge" ut was applied to eliminate the two photonproess, as shown by the ontour in �gure 3. This re-dues the bakground to the same order of magnitude asthe signal. To further suppress the two photon proessthe missing p? in the event (pevent? ) was onsidered forsignal and bakground, �gure 4. The two photon proessafter the \wedge" ut" peaks as a gaussian in the lowerpevent? region, a ut being applied as shown in �gure 4to ompletely eliminate this bakground. The ombinedeÆieny of the two uts is 94 % (for Left), respetively86 % (for Right hand e� beam polarization). The signalbefore and after uts, inluding the two photon proess (6events) is shown in �gure 5. It is important to note thatthe uts preserve the edges of the distributuion, needed
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FIG. 4. Distribution of pevent? for the two photon proess(green - � 10) and 80%-Left (blue), respetively 80%-Righthand e� beam polarization signal (red). The pevent? ut fea-tured eliminates entirely the two photon bakground.to determine the masses of the supersymmetri parti-les. These results are very enouraging, however theseletion riteria must be evaluated against the presentunderstanding of both signal and bakground. To om-pensate for the limited understanding of the two pho-ton signal, the \wedge" ut featured in �gure 3 has tobe widened. This is partiularly damaging to the sig-nal in the degenerate ase when the signal \shrinks" intothe area oupied by the two photon signal. To avoid2



this problem additional ombinations of parameters withsimilar seletion power were sought. Should suh ombi-nations exist, they would be manifest in the performaneof an Arti�ial Neural Network [7℄ (ANN). A Multi-LayerPereptron [8℄ (MLP) was trained for di�erent on�gu-rations of input variables, its training error as a funtionof the training \epoh" being shown in �gure 6 for oneof the input variable on�gurations. The point at whihthe error on the \independent" sample exeeds that ofthe \training" sample is the overtraining threshold. Atthis point the training is stopped and the MLP \pruned",i.e. - the weaker links in the ANN are removed. Prun-ning is performed in order to avoid loal minima in the
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FIG. 5. Comparison of signal pre- and post-uts, (blue) for80% Left and (red) for 80% Right hand polarized e� beam.This inludes the 6 two photon events remaining after theuts. The uts do not deteriorate the edges of the signaldistribution, whih is essential for determinining the SUSYpartile masses. The bolding of the distribution's high edgeis due to the Calorimeter and is presently under investigation.training proess. Training1 is then resumed until theMLP is one more lose to overtraining. At this point theneural links in the MLP are not a funtion of the traininghistory and the best response has been attained. Theoutput of the MLP should ideally be 0 for bakground1BFGS quadrati training method (Broyden, Flether, Gold-farb and Shanno), method that approximates the inverse ofthe Hessian matrix iteratively. EÆient, however memoryintensive.

and 1 for signal events, however in pratie a distributionis observed, as shown by �gure 7. A ut at 0.8 was madein order to delimit the signal from the bakground, anyoutput smaller than 0.8 being onsidered "bakground".The results with the ANN-based seletion however didnot exeed the performane of the analytial method,indiating the absene of additional \exoti" parameterswith potentially e�etive uts. The question arises whatis the degeneray limit �MR=LSUSY = m~l�R=L �m~�01 downto whih the present method an still disern the signalfrom bakground.To eliminate the total dependene on the above uts,a �Cerenkov Detetor [9℄, housed in the beampipe - withaeptane down to � ' 20-30 mrad, was proposed forthe detetion of the sattered high-energy e+ and e� intwo photon events. This would onstitute a \hardware"on�rmation of the event as a bakground event, avoiding
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8. For a far from \degenerate" ase, �MR=LSUSY = 30=110GeV�2, the uts remove little signal, however as thesignal omes from a more degenerate ase, the distribu-tion ontrats towards zero and the e�et of the uts ismore damaging. Establishing a \visibility" limit for thistehnique is urrently under detailed investigation.The present ontribution has shown the results of theSUSY-~e�/~�� analysis in the ontext of GEANT-3.0 sim-ulated detetor response. Highly e�etive uts againstthe huge expeted two photon proess were designed,both in the lassial (analytial), as well as in the NeuralNetwork approah. It was shown that the signal annotbe diserned from bakground in the \degenerate" ase,when m~l�R=L and m~�01 di�er by a very small amount. The

FIG. 7. MLP output on a log-sale for two photon events(green) and signal: 80% Left (blue), respetively 80% Righthand e� beam polarization signal (red). The MLP's output isthe produt of 2 neural \nodules", trained separately to seletLeft/Right hand signal. A ut at 0.8 was plaed to eliminatethe bakground, the rejetion fator being 7500:1. The signaleÆienies of the ut are 86% for both Left and Right handpolarizations.limit down to whih the analysis an go is enhaned bya �Cerenkov detetor housed in the beampipe, with anangular aeptane of 20 mrad.I would like to thank the students at the University ofColorado - Boulder working on the NLC Projet for run-ning the ISAJET and GEANT simulations and providingthe data in a friendly proessable format. We aknowl-edge support for this work under DOE grant DEFG03-95ER-40894.
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FIG. 8. Containment angle of the sattered high energy e+and e� from two photon events versus pevent? . The �� bak-ground an be eliminated with a �Cerenkov Detetor installeddown to 20 mrad aeptane. For lower �, the detetor needsto be augumented by a pevent? ut. The e�et of the latter uton the signal is shown in the lower plot. The hart olors areyellow for above 101, green for 102 and blue for 103.
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