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The standard model (SM) gives a good desription ofthe known fundamental partiles, using the SU(3)C �SU(2)L � U(1)Y gauge group to desribe their non-gravitational interations. The SU(2)L � U(1)Y ele-troweak gauge symmetry is broken to U(1)EM by theHiggs mehanism, but a Higgs boson has yet to beobserved. In addition to the SM SU(2)L Higgs dou-blet, a number of models [1{3℄ predit new Higgs dou-blets or triplets ontaining doubly-harged Higgs bosons(H��). For example, the left-right symmetri model [2℄,prediated on a right-handed version of the weak foreSU(2)R, requires a Higgs triplet. The model preditslight neutrino masses by the seesaw mehanism [4℄, on-sistent with reent data on neutrino osillations [5℄. Fur-thermore, the left-right symmetri model suggests light(O(100 GeV/2)) doubly-harged Higgs partiles if su-persymmetry is a property of nature [3℄, and is thereforeof interest for diret searhes at high-energy olliders.H�� bosons ouple diretly to leptons, photons, Wand Z bosons, and singly-harged Higgs bosons (H�).The H��L and H��R bosons respetively ouple to left-and right-handed partiles, and may have di�erentfermioni ouplings. Their oupling to a pair ofW bosonsis experimentally onstrained to be small due to the smallobserved value of j�EW � 1j [6℄, resulting in a negligibleross setion for the proess p�p ! W� ! W�H��.Therefore, H�� prodution would be dominated by thereation p�p ! Z=� ! H++H��, whose ross setionis independent of the H�� fermioni ouplings at treelevel.The H�� deays predominantly to harged leptons ifmH�� < 2mH� and mH�� � mH� < mW� [7℄. Theleptoni deays onserve the quantum number B � L,where B is baryon number and L is lepton number. TheH�� ouplings hll0 to eletrons and muons are exper-imentally onstrained by the absene of H�� produ-tion in e+e� ollisions (hee < 0:05) [8℄, and the non-observation of the deays � ! 3e (heehe� < 3:2� 10�7)and � ! e (h��he� < 2 � 10�6) [9℄. The exper-imental onstraints on the ouplings (quoted here formH�� = 100 GeV/2) weaken with inreasing H��mass. The h�� oupling is probed by measurements ofthe anomalous magneti moment of the muon (g � 2)�;the previous limit h�� < 0:25 [9℄ has not been reanalyzedusing the most reent (g � 2)� measurement [10℄.Diret searhes by the OPAL, L3, and DELPHI ol-laborations in e+e� ollisions [11℄ have exluded H��bosons below masses of about 100 GeV/2, assuming ex-lusive H�� deay to a given dilepton hannel. A reentsearh by the D� ollaboration in the �� hannel [12℄has exluded H��L below a mass of 118 GeV/2. Inthis Letter, we desribe a searh for doubly-harged res-onanes in the same-sign ee, e�, and �� hannels, using� 240 pb�1 [13℄ of data olleted at ps = 1:96 TeV bythe CDF II experiment at the Fermilab Tevatron. Wepresent our results using the H�� prodution model [4℄,

and set the world's highest mass limits for a wide rangeof ouplings to eletrons and muons. We probe the range10�5 < hll0 < 0:5, whih orresponds to narrow reso-nanes that deay promptly (� < 10 �m, where � is thelifetime).The CDF II detetor [14℄ onsists of an inner trak-ing detetor, a lead (iron) sintillator sampling alorime-ter for measuring eletromagneti (hadroni) showers,and outer drift hambers for muon identi�ation. Theinner detetor inludes a high-resolution wire hamber(the Central Outer Traker, or COT [15℄) whih, alongwith the entral alorimeter and muon system, overs thepseudorapidity interval j�j < 1 [16℄.Our strategy is to searh for one of the pair-produedH�� bosons to maximize the sensitivity, and to permitdetetion of any singly-produed doubly-harged reso-nane. The event triggers an be lassi�ed by the re-quirements of (1) two energy lusters with ET > 18 GeVin the eletromagneti alorimeter (2EM), (2) a entraleletromagneti luster with ET > 18 GeV and math-ing trak pT > 9 GeV/ (1EM), or (3) a COT trakwith pT > 18 GeV/ with an assoiated trak segment(\stub") in the muon detetors.The same-sign ee sample is seleted primarily using the2EM trigger. In the o�ine analysis, we require two same-sign entral eletrons with alorimeter ET > 30 GeV andCOT trak pT > 10 GeV/. Eletrons are identi�ed usingthe ratio of alorimeter energy (E) to trak momentum(p) ( Ep < 4), longitudinal and lateral shower pro�les,trak-luster mathing, alorimeter isolation energy in asurrounding one, and photon-onversion identi�ationusing the traker. The same-sign ee sample orrespondsto an integrated luminosity of (235� 13) pb�1. The lu-minosity is determined by measuring the rate of inelastiollisions, and the unertainty has equal ontributionsfrom the unertainties on the inelasti ross setion andon the aeptane of the luminosity ounters.The same-sign �� sample is seleted using the single-muon trigger, with a onsistent o�ine requirement of amathing stub. We selet traks with pT > 25 GeV/that are minimum-ionizing, i.e. have small eletromag-neti and hadroni energy depositions in the alorime-ters. The osmi-ray muon bakground is suppressed byrequiring the muons to originate from the beam line, tobe oinident in time with eah other and with a p�p olli-sion, and to be onsistent with a pair of outgoing partiles[17℄. Trak-quality requirements and alorimeter isola-tion suppress hadroni-jet bakgrounds. The integratedluminosity of the same-sign �� sample is (242�14) pb�1.The same-sign e� sample is seleted mainly using the1EM trigger. We require a entral eletron and a trakmathed to a muon stub. The stub requirement signif-iantly redues bakground, but also redues the �du-ial aeptane of H�� ! e� relative to the �� and eesamples. The integrated luminosity of the same-sign e�sample is (240� 14) pb�1. All eletron and muon traks4



are onstrained to the transverse position of the beam toimprove their momentum resolution.We alulate trigger eÆienies using separate unbi-ased triggers, and the traking and lepton-identi�ationeÆienies using Z ! ee=�� events. We obtain (96:6�0:4)% and (100:00+0:00�0:02)% as the eÆienies of the 1EMand 2EM triggers, respetively. The muon trigger eÆ-ienies, inluding the mathing-stub requirements, are(77:1� 1:3)% and (93:9� 0:8)% for j�j < 0:6 and 0:6 <j�j < 1, respetively, eah orresponding to a separate de-tetor subsystem. The traking eÆieny is high (> 99%)for isolated partiles within the COT �duial volume.The lepton-identi�ation eÆienies are (92.7�0.3)% and(90.8�0.2)% for eletrons and muons, respetively. Theorresponding eÆienies measured in simulated [19℄ Zevents are (89.3�0.1)% and (91.3�0.1)%. The simulatedH�� detetion eÆieny is orreted by the ratio of datato simulated Z boson eÆienies.The potential bakgrounds from SM proesses are (1)hadrons that deay to leptons or are misidenti�ed as suh,(2) leptoni deays of W bosons, produed in assoiationwith hadroni jet(s) (W+jet), (3) Z=� deays (Drell-Yan), where the same-sign trak omes from a photononversion, (4) WZ prodution, where both the W andZ deay leptonially, and (5) osmi rays.The hadroni bakground is estimated using lepton-triggered events with two same-sign lepton andi-dates [18℄, eah failing the identi�ation requirements(\failing lepton andidate"). The ratio of the numberof lepton andidates passing to the number failing therequirements (the \pass-fail ratio") is measured using jetdata samples. These samples are seleted either usingET > 100 GeV or ET > 20 GeV jet triggers, or usingsingle-lepton triggers and exluding leptoni W and Zdeays. The pass-fail ratio is O(0:05), with a systematiunertainty of � 80% arising from its sample dependene.It is used to apply a weight to eah andidate lepton (asa funtion of ET ) in events with two failing lepton an-didates to obtain the dilepton mass distribution.The W+jet bakground is determined by applyingthe pass-fail ratio as a weight to W data events whihhave a seond failing lepton and 25 < E/T < 60 GeV.The expeted misidenti�ed-W ontribution (from jets)is subtrated to prevent double-ounting. We use simu-lated [19℄ W+jet events to orret for the aeptane ofthe E/T requirement. Bakground from W prodution,where the photon onverts to an e+e� pair, is impliitlyinluded in this estimate. It is studied expliitly usingthe simulation and found to be negligible.Bakground from Z=� ! e+e� ours when one ele-tron radiates a photon whih subsequently onverts toan e+e� pair. When a same-sign onversion eletron hashigher momentum than the prompt eletron and is asso-iated with the luster, the event is reonstruted withtwo same-sign eletrons. The mass dependene is ob-tained from simulated [19℄ Drell-Yan events. The simu-
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FIG. 1. The same-sign dilepton mass distributions of the eedata and the umulative SM ontributions to the ee (top-left),�� (top-right), and e� (bottom) samples. The solid line isthe overall sum of the indiated areas. No same-sign �� ore� events are observed.lated sample is normalized using the number of same-signandidates in the Z mass region (80 GeV/2 < mee < 100GeV/2), after subtrating jet and W+jet ontributions.Bakground from WZ ! l�ll prodution is estimatedusing simulation [19℄. We use the prodution ross se-tion of 4.0 pb [22℄, and apply the trigger, traking, andlepton-identi�ation eÆienies to the events that passthe kinemati and geometri seletion.The osmi-ray bakground is estimated using COTtiming information. We use an independently identi�edsample of osmi rays to estimate the residual ontribu-tion surviving the timing requirements made in the ��5



analysis. The expeted osmi-ray bakground is foundto be 0:02� 0:02 events, whih we take to be negligible.Bakground Low-Mass Region High-Mass RegionZ=� ! ee 0:46 � 0:13 0:37� 0:11Jets! ee 0:47+0:23�0:19 0:62+0:71�0:44W+jet! ee 0:14 � 0:08 0:36� 0:21WZ ! ee 0:07 � 0:02 0:11� 0:03Total ee 1:1� 0:4 1:5+0:9�0:6Jets! �� 0:30+0:24�0:16 0:19+0:35�0:17W+jet! �� 0:32 � 0:22 0:40� 0:27WZ ! �� 0:21 � 0:04 0:19� 0:03Total �� 0:8� 0:4 0:8+0:5�0:4Jets! e� 0:09 � 0:05 0:06� 0:05W+jet! e� 0:22+0:24�0:15 0:25� 0:17WZ ! e� 0:12 � 0:02 0:12� 0:03Total e� 0:4� 0:2 0:4� 0:2TABLE I. Integrated bakgrounds for the ee, �� ande� samples in the low-mass (< 80 GeV/2) and high-mass(100-300 GeV/2 for ee, 80-300 GeV/2 for �� and e�) re-gions.Figure 1 shows the total bakground and the data asa funtion of mll0 for eah sample. The predominantlybak-to-bak lepton topologies, the kinemati thresholds,and the typial lepton pT from W or Z deays lead tothe observed peaked shapes of the bakground distribu-tions. The searh is performed in the region of mll0 > 80GeV/2 for the �� and e� samples, and in the regionof mee > 100 GeV/2 for the ee sample. The low-massregions (mll0 < 80 GeV/2) are used to hek our bak-ground preditions. Table I summarizes the total bak-ground preditions. We estimate 1.1�0.4 (ee), 0.8�0.4(��), and 0.4�0.2 (e�) events in the low-mass regions,and observe one ee event (mee = 70 GeV/2) and no ��or e� events. As an additional hek, we ompare thepredited and observed bakgrounds for same-sign dilep-ton events with one failing lepton andidate and E/T < 15GeV. The expetations of 54 � 21 (ee), 7:6 � 3:1 (��),and 2:4�0:8 (e�) events are onsistent with the observednumbers of 63 (ee), 8 (��), and 2 (e�) events.The same-sign dilepton mass resolution is � 3:5%of the mass. The intrinsi H�� width is equal toPl;l0�l h2ll0mH��=8� [6℄, and ontributes negligibly tothe reonstruted mass if Pl;l0�l h2ll0 < 0:5. We de�nesearh windows of �10% of a given H�� mass, orre-sponding to a �3� window. We predit the aeptanesas a funtion of H�� mass using the simulation [19℄, in-luding the eÆieny sale fators. The aeptane sys-temati unertainty is dominated by the parton distribu-tion funtion unertainty, whih we estimate to be 4%using the MRST presription [23℄. In the mass range ofinterest, the aeptanes are � 34% for the ee and ��
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