
HEP'97 #855 DELPHI 97-138 CONF 112Submitted to Pa 11, 13 13 August, 1997Pl 9, 17Search for ~�01 ! ~�� in Light GravitinoModelsPreliminaryDELPHI CollaborationAuthor: Gustavo WolfC.E.R.N.AbstractLightest neutralino pair production is searched for within the Gauge Mediated Sym-metry Breaking model context. It is assumed that the lightest neutralino is theNNLSP and that the ~� is the NLSP. Data at 161 and 172 GeV center of mass en-ergy are analysed and no candidate is found. Limits on the lightest neutralino pairproduction cross section are set at 95% CL, as a function of m~�01 and m~� .
Paper submitted to the HEP'97 ConferenceJerusalem, August 19-26



1 IntroductionIf supersymmetry at the electro-weak scale is established, one of the most importantquestions to address experimentally is the scale and mechanism of supersymmetry break-ing. It is often assumed that the messengers of supersymmetry breaking interact withgravitational strength and that the breaking scale in a hidden sector is of the order of1011 GeV=c2. An alternative possibility is that supersymmetry is broken at some lowscale (between the Plank and the electro-weak scale), and that the ordinary gauge inter-action acts as the messenger of supersymmetry breaking [1, 2]. In local supersymmetry,the Goldstino ( ~G) becomes the longitudinal component of the gravitino. In this case, thegravitino is naturally the lightest supersymmetric particle (LSP) and the lightest stan-dard model superpartner is the next to lightest supersymmetry particle (NLSP). Then,the NLSP is unstable and decays to its SM partner plus a Goldstino.Since the Goldstino couplings are suppressed compared to electro-weak and stronginteractions, decays to the Goldstino are only relevant for the NLSP and therefore theproduction of pairs of supersymmetric particles at high energy colliders would generallytake place through standard model couplings 2. The supersymmetric particles cascadeto NLSP's, that eventually decay to their SM partners and a Goldstino. The speci�csignatures of such decays depend crucially of the quantum numbers and composition ofthe NLSP, which are model dependent.Although most of the attention has been focused on the case where the neutralino isthe NLSP, it is equally possible that the NLSP is any other sparticle, and in particular acharged lepton. The number of 5 + �5 generations of the gauge mediate messenger, overmost of the parameter space, determines what particle is the NLSP [4, 5, 6]. For example,for one generation of 5 + �5 the lightest neutralino tends to be the NLSP, while for two ormore generations the balance tips towards right handed sleptons.Throughout this work, it will be assumed that the ~�1 is the NLSP, and that the lightestneutralino (~�01) is the next-to-NLSP.This paper describes the search for ~�01-pair production, followed by the decay ~�01 ! ~�� .The ~� decays promptly into ~� ! � ~G. Long lived decays of the ~� will be studied in a futurework. The search for direct pair production of ~� 's is described elsewhere [7]. The formersearch is complementary to the later in regions where ~� - pair production has small crosssection.Thus, the signature of the signal is four � 's plus missing energy and momentum fromthe two gravitinos (plus the energy and momentum carried away by the neutrinos of thedecay of the � 's).The experimental procedure and event selection are described in section 2 and theresults are presented in section 3.2 Experimental procedure and event sampleThe analysis is based on data collected by DELPHI in 1996 at center of mass energiesfrom 161 GeV=c2to 172 GeV=c2. The total integrated luminosities for the two periods are2One exception to this rule being the process e+e� ! Z0=� ! ~G~�01, which will be studied in a futurework.



9.8 pb�1 and 9.9 pb�1 respectively. A detailed description of the DELPHI detector can befound in [8] and its performance in [9].To evaluate the signal e�ciencies and background contaminations, events were gen-erated using several di�erent programs. All relied on JETSET 7.4 [10], tuned to LEP 1data [11], for quark fragmentation. The program SUSYGEN [12] was used to generate theneutralino-pair events, and their subsequent decay products. In order to compute detec-tion e�ciencies, a total of 7,000 events with center of mass energy 172 GeV=c2and masses45GeV=c2� m~� � 83GeV=c2, m~� + 2GeV=c2� m~�01 � 85GeV=c2. Other 1,000 eventsat center of mass energy 161 GeV=c2to obtain a scaling factor for e�ciencies were alsogenerated. All signal events were processed through the full DELPHI detector simulation[13].The background process e+e�! q�q(n) was generated with PYTHIA 5.7 [10], whileDYMU3[14] and KORALZ[15] were used for �+��() and �+��(), respectively. The generatorof Ref. [16] was used for e+e�! e+e� events.Processes leading to four-fermion �nal states, (Z=)�(Z=)�, W+W�, We�e and Ze+e�,were also generated using PYTHIA. The calculation of the four-fermion background wasveri�ed using the program EXCALIBUR [17], which consistently takes into account all am-plitudes leading to a given four-fermion �nal state. EXCALIBUR does not, however, includethe transverse momentum of initial state radiation.Two-photon interactions leading to hadronic �nal states were generated using TWOGAM[18], separating the VDM, QPM, and QCD components. The generators of Berends,Daverveldt and Kleiss [19] were used for the leptonic �nal states.The generated signal and background events were passed through the detailed sim-ulation of the DELPHI detector [8] and then processed with the same reconstructionand analysis programs as the real data. The simulated number of events from di�erentbackground processes was several times the number in the real data.2.1 Data selectionThe following cuts were applied in order to reduce the SM background preserving thesignal e�ciency:As a Preselection: To assure good quality of the data, the ratio of good chargedtracks [20] to total number of tracks was required to be above 0.8. Very forward-goingevents and part of the  �  background were eliminated by requiring that the energy ina cone of 30o around the beam-pipe be less than 30% of the total visible energy.1. Events with 4 � 's contain less than 7 charged tracks in about 90% of the cases.Thus, the number of charged tracks was required to be smaller than 7. This cuteliminates most of multihadronic background. To eliminate dilepton events, it wasalso required that the charged multiplicity be bigger than 2. 3-tracks events wereallowed to remain to allow for the possibility of a track being lost in the beam-pipeor the detector.2. Most of the two-photon background was eliminated by asking the missing transversemomentum to be greater than 5 GeV, the transverse energy to be bigger than 10GeV and that the event contains at least one track with momentum bigger than 6.5GeV.



3. Events with no missing energy, like WW ! 4 -jets, were eliminated by asking themissing mass of the event to be greater than 60 GeV and its thrust smaller than0.97 .4. To eliminate ISR events with a photon lost in the beam-pipe, the absolute value ofthe cosine of the angle of the missing momentum vector (j cos(�miss)j) was requiredto be less than 0.9. Also the acoplanarity of the events should be bigger than 5o.5. Background events containing hard electrons or photons were eliminated by askingthe total energy deposition on the electromagnetic calorimeters to be smaller than60 GeV.6. Signal events present naturally a four-jet topology. Thus, when the event is forcedto be reconstructed as two-jet by the Durham algorithm [21], the jets should bebroad. Events were asked to have at least one jet broader than 20o in the two-jetcon�guration.7. The event are then required to be reconstructed in a 4-jet topology by the Durhamalgorithm, and the axes of all jets were asked to be at least at 9o from the beam-pipe.Each jet should also be separated at least by 4o from any other jet.8. Finally, jet-clustering algorithms, when forced to split the events into a 4-jet con-�guration, would take one jet out of a natural 2- or 3-jet background event anddivide it (if its multiplicity allows for it). Thus, this events will have hard and softjets near each other in space. We required that the most energetic jet and the leastenergetic jet of the event be separated at least by 20o.After these cuts, an e�ciency between 30 and 40% was obtained for the signal events,and an estimated background of :24 � 0:1 and 0:27 � 0:1 was expected at center of massenergies of 161 and 172 GeV respectively. As an illustration, Table 1 shows the evolutionof the data, expected background and one of the signal samples throughout these cuts forps = 172 GeV. The signal sample at 161 GeV gave about 6% better e�ciency than itscounterpart at 172 GeV. Conservatively, we assume equal e�ciencies for both center ofmass energies.3 ResultsNo data event was observed to pass the cuts at either center of mass energy. Thus,results can be expressed as a limit on the production cross section for neutralino pairs.E�ciencies being taken the same for both energies, plus the fact that no candidate ispresent, allows for only one plot to be introduced. Fig. 1 shows the limit at the 95% CLon ~�01-pair production cross section, as a function of m~�01 and m~� at ps = 172 GeV. Thesame plot holds for ps = 161 GeV, up to m~�01 = 80:5.AcknowledgementsI would like to thank Fran�cois Richard and Pierpaolo Rebecchi for many discussions andtechnical support.



Cut data � ��  4-fermion f �f signal1 15964 15.0 14448 81.8 389. 4812 356 12.8 37.5 6. 9 276.9 4383 57 4.6 19.8 2.4 12.0 4314 8 0.95 2.0 1.32 0.9 3805 7 0.51 1.4 1.10 0. 3766 6 0.25 1.1 0.34 0. 3707 0 0.11 0.2 0.19 0. 3478 0 0.04 0.09 0.15 0. 341Table 1: Evolution of data and MC through the di�erent cut described in the text. Signalcorresponds to m~�01 = 75GeV=c2 and m~� = 55GeV=c2.

45 50 55 60 65 70 75 80 85 90
45

50

55

60

65

70

75

80

85

90χ

τ

m
~

0 1

~m

DELPHI
PRELIMINARY

σ<1.1

σ < 0.8

<0.9σ

<1.0σFigure 1: Limit at the 95% CL on ~�01-pair production cross section at ps = 172 GeV, asa function of m~�01 and m~� . The grey-shaded area is eliminated by [7].



References[1] M. Dine, W Fischler and M. Srednicki, Nucl. Phys.B189 (1981) 575 ; S. Dimopoulosand S. Raby, Nucl. Phys. B192 (1981) 353 ; M. Dine and W. Fischler, Phys. Lett.B110 (1982) 227 ; M. Dine and M. Srednicki, Nucl. Phys. B202 (1982) 238 ; L.Alvarez-Gaum�e, M. Claudson and M. Wise, Nucl. Phys. B207 (1982) 96 ; C. Nappiand B. Ovrut, Phys. Lett. B113 (1982) 175 .[2] M. Dine and W. Fischler, Nucl. Phys. B204 (1982) 346 ; S. Dimopoulos and S. Raby,Nucl. Phys. B219 (1983) 479.[3] S. Dinopoulos, S. Thomas and D. Wells, hep-ph/9604452.[4] J. A. Bagger, K. Matchev, D. M. Pierce and R. Zhang, SLAC-PUB-7310.[5] D. A. Dicus, B. Dutta, S. Nandi, hep-ph/9704225 ; D. A. Dicus, B. Dutta, S. Nandi,hep-ph/9701341.[6] F. Borzumati, hep-ph/9702307.[7] Preliminary search for long lived ~� using the DELPHI detector, Jerusalem '97, pa11, 13 pl 9, 15, 17.[8] P. Aarnio et al., Nucl. Instr. and Meth. 303 (1991) 233.[9] P. Abreu et al.,Nucl. Instr. and Meth. 378 (1996) 57.[10] T. Sj�ostrand, Comp. Phys. Comm. 39 (1986) 347;T. Sj�ostrand, PYTHIA 5.6 and JETSET 7.3, CERN-TH/6488-92.[11] DELPHI Coll., P. Abreu et al., Z. Phys. C73 (1996) 11.[12] SUSYGEN 2.12, S. Katsanevas and S. Melachroinos in Physics at LEP2, CERN96-01, Vol. 2, p. 328 and http://lyohp5.in2p3.fr/delphi/katsan/susygen.html .[13] DELSIM Reference Manual. DELPHI note 89-68 PROG 143, Sep. 1989 (unpub-lished).[14] J.E. Campagne and R. Zitoun, Z. Phys. C43 (1989) 469.[15] S. Jadach and Z. Was, Comp. Phys. Comm. 79 (1994) 503.[16] F.A. Berends, R. Kleiss, W. Hollik, Nucl. Phys. B304 (1988) 712.[17] F.A. Berends, R. Pittau, R. Kleiss, Comp. Phys. Comm. 85 (1995) 437.[18] S. Nova, A. Olshevski, and T. Todorov, A Monte Carlo event generator for twophoton physics, DELPHI note 90-35 (1990).[19] F.A. Berends, P.H. Daverveldt, R. Kleiss, Comp. Phys. Comm. 40 (1986) 271,Comp. Phys. Comm. 40 (1986) 285, Comp. Phys. Comm. 40 (1986) 309.[20] S. Navas, P. Rebecchi and A. Trombini, DAFNE program description, DELPHI 96-46PROG 215.



[21] S. Catani, Phys. Lett. B269 (1991) 432 .


