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The Fermilab Tevatron collider experiments, GDF and D0 , have collected over 200 pb- 1  of 
data at ft =  1.96 TeV since March 2002 (Run!I). Both experiments have investigated physics 
beyond the Standard Model; this paper reviews some of the recent results on the searches for 
new phenomena, concentrating on Z' ,  extra dimensions, excited electrons and leptoquarks. 
No signal was observed, therefore stringent limits on the signatures and models were derived. 

1 Introduction 

The Standard Model of particle physics (SM) has confirmed many of its predictions which have 
been measured with great accuracy over the past years. In spite of its success, there are some 
hints that it can not be a complete model: the electroweak breaking symmetry mechanism is 
not explained, gravity is not implemented, there are hierarchy problems, etc. Several extensions 
to the SM have been proposed to address these issues: Extra Dimensions (ED) , Grand Unified 
theories (GUT) , Technicolor (TC) ,  SuperSymmetry (SUSY), etc. These models predict new 
signatures that can be seen at the experiments at small rates such as dilepton events, lepton 
plus jets, jets plus missing transverse energy (Jtr ) ,  etc. CDF 1 and D0 2 have searched for these 
processes using l'::i 200 pb-1 of proton-antiproton collisions at .,fS = 1 .96 TeV collected from 
March 2002 to October 2004. 

2 Z' searches 

A heavy partner of the Z boson, the so-called Z' boson 3, is predicted in many extensions of the 
SM, such as GUT, ED models and little Higgs models among many others. It is a spin-1 object. 
The couplings to the SM fermions could be SM-like or modified. Both experiments have searched 
for signal of Z'. As a reference model for experimental comparisons, a Z' with SM-like couplings, 
and also a model inspired by GUT SO(lO) and E6 model using the conventions on 4 and 5 where 
additional Z-bosons origi.nating from low energy E5 ( Z1, Z.p, Zx , X11) are used to set limits. 
The primary observable is an excess production of dilepton pairs at large invariant masses. 
CDF and D0 have looked in the dielectron channels using l'::i 200 pb-1 of data, requiring high 
Fr electromagnetic objects in the calorimeters (PT > 25 GeV /c ) . The main background comes 
from Drell-Yan production and QCD processes (missidentified jets) ,  and a small contribution 
from electroweak processes. Neither experiment observed any deviation from expectations, as 
shown in Figure 1 (left) .  They set a 953 C.L. upper limit, F igure 1 (right) .  Based on spin-1 
particle for acceptance as a function of the boson mass CDF obtained an upper limit of 750 
GeV /c2 for the SM-like case. D0 has set an upper limit of 780 GeV /c2 based on PYTHIA Z' 
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Figure 1: Left:Invariant mass distribution of the two electrons using the D0 detector. Points: data, shaded 
region: QCD background, open histogram: Drell-Yan plus QCD background. Blue line: fit to the background, 
magenta: Z' of 600 GeV . The fit parameter pl corresponds to the negative slope of the exponent while pO reflects 
the normalization. Right: CDF 953C.L. upper limit for the different model of the Z' using the electron channel. 

simulation for acceptance and a search window optimized for each Z' mass. The limits were set. 
in terms of Z' to Z cross section to reduce the systematic uncertainties. For the E5 GUT model, 
lower limits found by CDF are 570, 610, 625 and 650 GeV /c2 respectively; while D0 found 575, 
640, 650 and 680 GeV /c2 . 

CDF has also used the muon channel, setting an upper limit of 735 GeV /c2 for the SM-like 
model and 518 ,  590, 620, 650 GeV /c2 for the E6• 

2. 1 Little Higgs Model 

This model 6 7 attempts to solve the hierarchy and fine tunning problems between the electroweak 
scale and the Planck scale. An explicit model ? predict� new gauge bosons coupling to the SM 
fermions. The coupling, purely left-handed, are universal and scale linearly with the mixing 
angle. CDF has re-interpreted the result of the Z' analysis under this model assumption for 
both channels (e, µ) , excluding a 953 C.L. region on the parameter space of the Z' mass and 
the mixing angle, cot (). For cot () = 1 ,  masses are excluded up to 825 (790) Ge V / c2 for the 
electron (muon) channel. 

3 Large Extra Dimensions (LED) 

The hierarchy problem has motivated a number of models beyond the SM. In recent years, a 
number of models in ED have been proposed 9: it might exist hidden dimensions in space of 
finite size R beyond the three we sense daily. In hadron-hadron collisions, real gravitons can be 
produced in association with jets or photons 10. The graviton lives in the ED, invisible to our 
world and the detectors. The exact experimental observation is different for the various models. 

3. 1 ADD Extra Dimensions 

In the so-called ADD 1 1  model, SM particles are confined to a 3D-brane, while gravity propagates 
freely in n ED, compact spatial dimensions, whi.ch explains its apparent weakness. The radius, 
R,of these ED is about lmm for n=2 and less than lnm for n>3. From direct gravitational 
measurement n<2 is excluded 12 .  The graviton is equivalent to a tower of Kaluza-Klein (KK) 
states, with a separation between different states of 0(10-4 ) due to the high energy of the 
experiments, therefore the mass spectrum is a continuum. 
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O ) .  But.h <'XJH'ri11wnt.s h:tvP looked for s!'alar UJ, ass1 1 1u i ug that. t. h1�y mtly < '011plc t.o q11arks and 

lc •pt.uus of t.l lf' sm1w g1�rn�r:tt.io11.  

5. 1 First Gen1�mt-ion LCJ 
DO :u ul CDF lmw looked iuto tlw DQL·q -t c·t1,'fjj aud LiJL(J -t 1·1 1,.J.i . DO has use 

1 7;, ph 1 for both dmnnds, C D F  has used 200 ph 1 of dat.a for t.IH' first and 72 pl>"  1 for t . l ic 

latt.1�r. They n•quin�d two dcct.ron w i t.h  l 1 igh I\ >2G G1N /1· aud at. ka.�t t.wo jd.s rccoust.nwt.cd 

in the c ·alori 1m·t.cr . To n�dnc<� t.Jw main l.mckgrounds coming from Z. Dr<'ll-Yan, tf a11d (lC D ,  
t.opological cnt.s ;trn n.pplirnl. There is 110 df�viatiou from t h e  expect.at.ions. D O  !l nds an 1 1 ppc•r 

l i m it. on t .hc L(J ma.ss > 2:l8( 1 !J4) GeV /c'2 for t.he ccejj (1�11jj ) chaund. while CDF obULi ns 2:10( J (iG) 

C1•V /<'2 . Thl' n�s1 1 l t.s from t.l tl's< � <·.lm11rn�ls have lwcn <'.m11bi1wd am! t . lu�  1l<�rivcd lower 1 1 1w.;s l i 1 1 1 i t. 

as a f1111ct.io11 of t.Jw (1 is shown in FigmP G . 
. '!. ;J Sr·1·011il Ur·nnntion DQ 
CDF awl DO havf' < !cm<� a s��ardi for t.lw second gc1wrntitJn LCJ dncnying t.h ro11gh t .IH' dia.1111cl 

ujJ)J _, / tp.jj . CDP has done t.11<' ;ma.lysis w it.h 198 ph·- 1  of data, while DO 1 1ses I 0·1 ph 1 . 
Tlie cwnt.s an' n�quin'd t.o have ;it. lc11.st. t.wo oppositc-:-;igu m11011s w i t h  high J�r > 20 c;,.y /« 
awl t.wo jl'f.s. To rc•dn('(� till' hac:kgro11 1 1d c ·mu ing from Z/Drnll-Yan nm! I{ ki]l(�umt. i c :al a1 Jd 

t.opologirn.J n 1 t.s an• appl i<�d . Tiu·  <'v<:ut.s passing tlH' sc•lp<·f .io 1 1  <Til.r•ria ;tn• <'Ot1sist1•11t. w ith 1 l u •  
S l\l <'XJ H '1 · t.al io1 1 .  U! 11iass l ><•low 2Hl c;  . .  v /r·2 i s  c•xdnd<'rl by C D F .  wldk [)( ) 1 1b f ni 11., a l i 1 1 1 i t. of 
M > J i·W C: c·V /1 ·2 

5 . :1 ,HI C:1"11.( 'm/io11 UJ 
C ' DF li:1s sm.rcl u�d LlJ i 1 1dqH�ndc•1 1t. of g<•11<•rnf.io11  in t.h1• Uj Dq ---+ lflf//I/ cha.u1l('I w i t.Ii J !J I pb 1 
of dat.a. Tll( '  <'Vt:1tf.s select.Pel < ·out.a.in t.wo m t.hrn1• j< 't.s and l a.rgc rtr l !I . w i t h d i ffon•nf d i n •1·t.ions l o  
rcd 1 1c ·1· q C D  li:u·kgroimd. Ev1·11ts wit.h dmrgPd !Pp tous (" or 11.) are wt.()(�<] Lo n•d 1 tc'.P rnnt.rih1 1 t. io11s 
f'ro 1 1 1  vV /Z+jl'f.s :wd ti. .  Ti ll ' lll i llllH'r f'VC11t.s f'X)ll'f't.cd from SM is 1 1 8 ± l "l l'V('lli.S w i t.h 1 24 l 'V<' I J l.S 

an• oi JSf,l'V<•d . nmsist.c�nt. wit.It t.IH• pn�dif't. io1t.  At. !JG% CJ.,, a n 111.ss n•gio11  frorn 78 G1�V/c1 f.o 1 1 7 
Gc•V /r·" is c•xcl l lflcd. Fig1 1 1y 7. 

6 Sununary 

Tlw C :DF and !)() ( '( J l lahora.t. io11s an· ac · l . iV<'ly s1•nrrhi ng for 1ww physif's I H,yoad f h<• S f\.! 1 1s i 1 1g  

200 p li 1 rnl !Pd.<•d from Mardi 2002 t.o Oct.olH'r 20():1 ( R11 1 1 1l . ) .  Alt.ho11gh no 1•vidc•1u·.1· f'or IH'W 
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Fig11n· G: DO D�%,f' .L.  1nw<'r li1uit on tlw 1na�s of t l ic firsl gPrlf'ration f(J as a funct ion of /1 

Figure 7: CDF 9G1X, CL 11pJH'r l imit  cToss 
s<•ct.io11 tiuH•s tlH) squan�d hra11ching ratio for 

scal;ir LQ pair pr1><lnctio11 ( .J) = I I .  

pliysics ha.s bem1 fouwl so far, the results hav<' aln•;uly iu1prowd thos1� of Ruu I .  Th<• d iscowry 
pol.c�11tial rises as t.h1• i11t.egrat1·d l nmiuosity iu1Tl%�<�s, providing Litt' l iest. opportunity for liud i ng 
any <'Vidcrn·1� before LHC st.ruts. 
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