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SEARCHES FOR NE\V PHENOMENA \ VITH LEPTON FINAL STATES AT 
THETEVATRON 

T . ADAilS 
ror the CDP :tnd DO Collnbor:tlions 

Departmrnt of Phytiu, F'lorido State lhUtJl!'f'8ity, 
Talloho.IN!I.!, Pl, 39.306, USA 

N11mcro11.s 111$1rc;hl!'$ for nev.• phe 11orncn :t h:ivc been c;:,r1iecl 011t. '""'ing d:..l:i fron1 p101on. 
:1nLiptol011 coUi, ion J :it. F'cnnil:ib•s Tcv:i.t rou. P iu:il s l:ates with lq>lons give s ign:itumi: wh ich 
:ire 1d:it.ivdy unk)uc :ind gcuc r:illy h :ivc :1111:..ll b:xkgro1u1d.s. \Ve pte$!:11t 111:..ny o r the l:iteit 
1e1uh' from the CDF' :ind Do ooll:ibor:iLioi1$ ftoin 0.4-1.2 fb- 1 or d:at:i.. TopD inclu.:lc , .... 
pcrsyn1n1etry, cctr.;i gpugc b0110m, R:i.ud:tll .S11ndn1rn gr.ivito u:1, excited c lo::tro11:1 :i.nd ueul1:il, 
lo-ug.livcd p:irlitlcs. 

New phe nomena sea rches w'1 th lap tons ravor a na lyses with relat i~'e:ly s ma ll o r well-unde rstood 
backgrounds. At the Tevatron, the CDF and DO oollaboraf1ons ha.~'9 strong progr4JllS or saarche.s 
wit h le ptonic Ana l states ·1n a "·id e ra nge of topics. Some or the most recent results a.re d iscu.ssocl 
hara . . !\ II limits prwanted a.re at the 95% CL. 

1 C bnrgioos ru1d Ne utJ:'alioos in 'frileptoos 

Supe rsymmet1y has bean a. popula r extension to the s tanda rd model ror severa l dacada.s a nd 
numerous sea rches ror evide nce or a ny or the supe rparLners have been carriOO out . . !\t hadron 
oolr1da rs, a un·1qua sig nature ror supe rsymmet1y comes in the t rilepton («three lepton11 ) Ana.I 
s tates. If the m8.86es r1a in the correct regio n, proton-a.nt .1proton oollisions can p roduce cha rginos 
and ne utra r1noo in as.soc·1a.tio n: 

(I) 

wit h d aca.y mod as 
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(b) 

Pigurc t : Limit" on SUSY production or ch:ug:in'* :ind ue 11t 1a.li 11 Clll. (a) CDF' limit •ming :i modd o r >.I SS~•l 
V.' it houl s lq>lon mixing :i.ud mo = 60 GcV; (b) DO lin1 it. 1.u:ing t hree mSUGft.\ in, pired rnodeli . 

(2) 

ln the standard mod al, trilepton Anal states a re only producocl by ra re proca;:ses (such as 
d'1-basons) \\'hich means t hese searches will nat·ura lly have small backgrounds . T he cha llenge 
lies in the ine ffic iency to un'1qualy '1dentiry all th:rea leptons. T he solutio n is to use three search 
techniq ues: (I) obser ve all t hree leptons; (2) o bsia1v e t\\'O leptons and a. third isolated t rack; (3) 
obser ve two sam~signed leptons. By oombin·1ng a ll three search methods and oomb·1na.tions or 
el~trons, muons and isolated tracks, the experiments ·improve the sens·1f1v·1 ty to discovery. 

C DF has preror med searches ·1n 14 diffe rent channels I ranging in lum·1nai1ty 0.7- 1.1 rb- 1• 

\Vh.1le a slig ht exce...:;s or data vs. background is obse1ved, t here is no strong evidenoa or s uper­
symmetry. T hemro re limi~ on the production <erO':i!i~action times branching raf10 CIUl be set. 
C DF interprets this ":1thin th me d ifferent mSUCR.<\ ·inspired mod els w·1th mo = 60 Ga\i: (A) 
mSUG R.<\; (B) P.'ISS~•I \\:1thou t slepton mixing; (C) ~·ISS~1 with lepton bra nching ratio set to 
same as \V / Z. For model (B) a. limit on t he Xf mass greater t han 130 GeV is sat (F.1g. l (a.)). 

D0 has p re ror med rour searches 2 wit h lum:inosity 1.0-1.1 rb- 1 with no excess or data. ol:r 
served . T hree mSUGRA-inspired models (w.1th no s lepton mix·1ng) a.re explored : (1) la rge mo 
where \V / Z decays dominate; (2) 31- ma.x with s lap ton mass s lightly la rger t han t he Xg mass; 
(3) heavy squa rks where~alar m~ unification is relaxed (Flg. l(b)). Fbr the 31-ma.."< modal, a 
lim ·1 t of J\f <;if) > 14 t C eV is round. 

2 ~II' 

So1ne extensions o f the standard modal predict th e existence of additional, heavy, gauge bosons. 
DO has per lOrmed a search ro r a ~II' d~ay·1ng to a n alECtron and neutri no3 us·1ng a. data.set o f 0 .9 
fb- 1• Data .selectio n rociuires a hig h energy ela:tron (Er > 30 Ge\i), la rge mi'06ing transverse 
energy (P.1ET > 30 Ge\i) and la rge transverse 1n ass (Jlfr > 150 Ga\'). F'ig ura 2(a) shoW'S the 
t ransverse mass dis tribuf1on (\\;1thou t J\fr cu t) ror data, background a nd sig na l. DO obser w.s 
6&1 events "·ith an exp~ted background or 623 :I:: t8~~i events. T hernrom, a. limit on a. 'V' mass 
> 965 Ge\i is sat assuming standard model coup f1 ngs (Fig . 2(b)). 
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P igurc 2: (:i) OiJL1ib11LDn or tr:1nwcu:c m::.is V>' il ho 11t A.J'r ma.w CllL. Oat:i. iJ :rhiA>n :i.s poiub: with cr101 b:u J, 
background is the 1JOlk1 hi:rtog1:in1, while :i Ja mplc: :rign:i.I wit h ,\.fn., = SCO GeV is 1ep1ecentcd by the opei1 

h j,Jlogr:im. ( b) Do lim it. o n the ~V' - CV Cl'O!ll!Ml!Clion time$ b 1:u1ching r.tlio ;a.$ :a f11nclion or the ~V' rn:i.s:r. 

3 Z' 

C DF has perror med a. model ·independent sea rch ror nar row resonances d~ay·1ng to a n electron 
and a pasitron 4 us·1ng 1.3 fb- 1 or data. T hey ...x:an the ma.~ regio n 1 5~900 GeV in 4 GeV mass 
b·1ns looking ro r an excees or data over pred ic ted background ( Fig 3(a.)). 'l'he small excesses soon 
are consistent wit h statistical Auctuatio ns. T h.IS is ·inter preted to exclude a standard mod el type 
Z' "·ith m 888 belmv 923 Ga\i. Addif1onal mode ls a re s hown in Fig. 3(b). 

4 Randall-S w1drwn Gra,ritons 

Both CDF a nd DO have oombined searches in d·1-electro n Ana.I s tat.es "·ith s imila r searches 
in d i-photon to explore models o f extra. d·1mensions involv·1ng R.anda.11-Sund ru m gravitons 4,5. 
~'lodels or extra. d·1mensions at.tempt to address the hie ra rchy problem be tween the strength or 
t he "'ea.k rorce and gravity. :\t had ron collide rs, RS grav·1 toru; may be obser ved in the invar·1a.nt 
mass or a ngular d istributions or electron a nd/or pho ton pairs. Both exper·1menl$ obser ve data. 
in agreement with background p r\'ld ic tions a nd exclude la rge r\'lgions in the graviton mass vs. 
k/ Afp1 para meter s pace (Fig. 4). At k/ Afp = O. I CDF'( DO) exclude g ra.vitons \\' ith masses belm,· 
8S9(865) Ce\I. 

6 Excited E lectrons 

Some models p1\'ld ic t that quar ks and leptons a re oom posite pa r f1c las compased or s ma lle r pieces. 
T hese mode ls a llow ror excitOO q ua r k/ lepton s tates. DO has carriOO ou t a sea rch for excited 
electrons (e4

) rro1n the pl\')CBSS pji - 004 
- eei·. After selecting events w·1th PT(e1,e2,;) > 

25, 15, 15 GeV, 259 events are observOO with an expected background or 232 :I: 3 :I: 29 avant:&. 
F'rom t his, limits a re sat on the mass of the exc·1 ted e lectron and the compos.1 tanass scale ( Fig. 5). 
F'or A = 1, the r1m·1t ism.::•> 756 GeV. If decays v·1a. contllCt inte raction a.re neglected, DO finds 
a r1m·1t or m'<:. > 946 GeV ror A = m.::• . 
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Di-Electron Invariant Mass Spectn1111 
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Pigurc 4: Limil$ on cxlr:i d imcfuionJ 11$ing t he Rand:ill.S1u1d n1rn model from (:i) CDF' and (b) CX>. LimilJ a1e 
:cet, on t he p:ir:1rnelc1J k/Jl Pl and t he g r:ivilon rn:uJ. 
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P igurc S: Lin1ita on excited d~t1011.s f101n DJ. (:a) ~h!N.'' t he limit °'' t he cro--= lion ti1nel b 1:u1ching r :atio :i.s 

:a ruuctio u or t he ma.w of the citdtcd e lectron. ( b) "''™'Iii the limit Oii the co111pQIS:il euc. .::ale ..... t he 111:i• or the 
excited eb::L1on. 

6 Neut ral, Long- lived Particles 

DO has perror med a search ror neu tra l, long-lived pa r tic les decaying to two muons aJter t raveling 
at least 5 cm rrom the producf1on point.. .4 .sample or pa ir pt\'lduc tio n or ne utra linos \Vith R­
parity v·1ola f1ng dECays a nd long r1ret ime is used to mode l the sig na l. Backg round ·is estimated 
rrom data to be 0.75 :I: 1.1 :I: 1.1 events. No avents a re observocl " :1th a decay length in the 
trans~'Stlie planeor s-20 cm. Limih; are set on the produclion cl'059-Secf1on times branching raf10 
as "'ell as a compa rison '" ith a. p revious result rrom Nu'Th\; 7 using t he sample mode l (Fig. 6). 
T his oomparison limih; t he poos.1ble inte rpre tations or NuTe\ ' 1s 1'1Sull. 

7 Sw nu1ar)' 

T he CDF a nd DO collaborations have parror med numerous sea rches ror n6\\' phenome na us ·1ng 
leptonic Ana l .states. Recant 1'1Sull$ place lim.1ts on associated cha rgino a nd neutra lino produc­
t .ion, extra.gauge bosons, Randall-Sundrum g ravitons, excited e lectrons a nd neutra l, long-rived 

pa1t icles. ~'lost o r these are the world 's best limits. 
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P igurc 6: Lin1il• °'' thecro-.:te:cl ion I in1c. br:inc hing r:atio £or uc11L1a.I, long. lived p:u tic leJ dec:iyiug to tv.•o muon$ 
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TeV, T he ligl1 t blue region s hows the :irc:i favo1cd by ;i i ig11:al iu te1prct:ilio11 o f N11TeV':c IC'llult. 
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