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Introduction

Exciting time now at the TeVatron !
frenzy activity in physics analysis

Optimize event selections for SM physics and
new physics as in both cases the composition
of the samples are important

Tests of the SM
   works remarkably well
Search for new physics
   hints here and there….

Cross sections for various physics processes vary over
many orders of magnitude:
    processes of interest are often buried under heavy background
    need good rejection factors, selection and analysis strategies

Common datasets

Common identification/reconstruction cuts

LQ  
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Outline of the talk

n TeVatron Performance

n CDF and D0 detectors

n Physics Objects, Signatures and Results
n Leptons-only final states (and isolated tracks)

n dilepton searches
n opposite sign leptons
n same sign leptons

n … + Missing Energy  and Photons
n Events with dileptons and MET
n Multibosons
n excited electrons

n … + Jets and heavy flavors
n Leptoquarks
n Higgs

Elec
tron

s
Muons

Jets
Photon

Missin
g E T

Tracks
H.F.
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Tevatron performances

Tevatron successes in early 2004:

ß Record luminosity 6.8E31
ß 3.9pb-1 integrated in a single store
ß First store w/ antiprotons from

Recycler
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CDF and D0 Experiments
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Electrons & Muons Final States
A track pointing to an EM

calorimeter cluster
|h| < 2.4 D0

|h| < 2.8-3.0 CDF

An isolated track
pointing to a muon stub
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Searches in dileptons at CDF
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Searches in dileptons ( cont’d)

Calculate the acceptances for
resonant states for 3 different 
spin assumption (0,1,2)

• Randall-Sundrum graviton model
        4-dimensional metric multiplied by warp factor
        exponentially changing with the additional dimension
          Generating a large hierarchy does not require a large rc
  
       The coupling of individual KK states to matter is set by
       the weak scale  (parameters : MG and k/MP lanck)
       KK states can be observed as spin 2  resonances 

SUSY

Extra-Dimensions

Technicolor

Little Higgs
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Searches in dileptons (cont’d)

Muons
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Dileptons Searches ( cont’d)

200

126

 200

L
(pb-1)

495465455425mm

650625610570ee
CDF

680650640575eeDØ

Zh
95%C.L
(GeV)

Zy
95%C.L
(GeV)

Zc
95%C.L
(GeV)

ZI
95%C.L
(GeV)

channe
l

Summary of CDF/DSummary of CDF/DØØ limits on low-energy  E6 models limits on low-energy  E6 models

DØ preliminary 200 pb-1
Upper limit 95% C.L.

780 GeV

LED in LED in dimuons dimuons at D0at D0
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 D0 searches for TeV-1(longitudinal) ED

Indirect searches:
LEP:  > 6.6 TeV;   
all: > 6.8 TeV

198 pb-1

signalSM fakes

Mis-ID jets

Strong negative interference effects
      extra virtual effects

Di-electron dataset used

Result: Mc > 1.12 TeV (95% CL)

ED model where: 
fermions confined to 3D world
SM gauge bosons propagate in 
   single TeV-1 (longitudinal) ED 
They are equivalent to KK Towers with 
         M2

n= Mo
2 + n2M2

c

Predicts Kaluza-Klein states of gauge 
bosons (W,Z,g)
R = 1/Mc is size of compact dimension for gause bosons
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Search for doubly charged Higgs at CDF

Doubly charged Higgs are members of Higgs triplets occurring in several types of models

• extensions of the Higgs sector of the SM
• left-right symmetric models
• SUSY left-right symmetric models

Same sign leptons signature

Very small background!

At the TeVatron doubly charged Higgs can
be  paired-produced ( Z exchange) or
singly produced ( WW fusion)

em

mm

ee

# predicted EvtsDecay Channels

8.0
6.08.1 +

-
6.0
5.08.0 +

-
4.0
4.09.0 +

-
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+ Photons & Neutrinos Final States

Neutrinos:
Large Missing Energy

Photons:
EM Calorimeter 
cluster with no 
associated track
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n Search for an excess over the SM
prediction in the kinematic space

n Look at the Missing ET , sensitive to
new Physics

n Set upper limits at 95 % C.L. with
acceptances derived from WW-like
events

L L = 98 = 98 pbpb-1-1

1 electron E1 electron Ett>25 >25 GeVGeV
11 muon  muon Pt>25Pt>25 GeV GeV
GoodGood fiducial  fiducial volumevolume
0/1 jet0/1 jet

Model Independent Searches in em

Limit!
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Search for ED in ee/gg channel at D0

Dataset 200 pb-1

Selections
n Two EM with Et > 25 GeV with tight

quality cuts
n Geometrical Acceptance

n |eta| < 1.1 for CC
n 1.5 < |eta| < 2.4 for EC
n Consider CC-CC and CC-EC

combinations

Strategy
Use di-EM objects

includes both ee and gg 
Fit   

di-EM invariant mass

cos q* (scattering angle in rest frame) 
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LED Searches in ee/gg: Results

n hG
95 = F/M4

S
n Single parameter for ED effects

n Set limits using GRW formalism:
n F=1

n Use CC-CC & CC-EC combinations
independently, combine final results

LED signal MC

fakes

Bkg

Results :
Run II :      Ms > 1.36 TeV
Run I + II : Ms > 1.43 TeV
CDF Run II: MS > 1.11 TeV

Spin 2 Acceptance

CC
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Di-boson Signals

Wg Zg

Triple Boson
Coupling

Non SM!

Test of gauge couplings ( as predicted by the SM) and a window 
on new physics
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Wg at CDF

s(Wg)¥BR(WÆln) = 19.7
                                    ± 1.7 (stat) ± 2.0 (sys)
                                    ±  1.1 (lumi) pb

For ET(g) > 7 GeV and DR(l, g) > 0.7:
s(Wg)¥BR(WÆln) (Theory) = 19.3 ± 1.4
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Zg at CDF

s(Zg)¥BR(ZÆll) =5.3
                                ± 0.6 (stat) ± 0.4 (sys)
                                ±  0.3 (lumi) pb

For ET(g) > 7 GeV and DR(l, g) > 0.7:
s(Zg)¥BR(ZÆll) (Theory) = 5.4 ± 0.4

Now V+g cross-sections well established, we are:
•  optimizing sensitivity  to anomalous coupling 
    and new physics
•  testing the Standard Model  in
    ways unique to  the TeVatron  
   (e.g. observing  RAZ in 
   W g production)
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Excited electrons at CDF

 Observation of excited states of quarks
and  leptons might  confirm the
hypothesis that  they are  not
elementary particles , but composite
states

•  Select events with eeg in the final state

•  Look for resonance in M(eg)

•  SM backgrounds :

Z g + DY , Z+jets, WZ, Multi-jets, g g +jets, …

Expect 3 events, observe 3 events

CDF searched for excited electron (e*)
using high pt electron data (L=200 pb-1)

At Tevatron, e*  can be produced via contact
interactions or gauge mediated interactions
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•4 EM candidates

•Could be ZZ event!

Excited electrons at CDF

Et(e1)=44 GeV

Et(e2)=42 GeV

Et(p1)=46 GeV

Et(p2)=26 GeV

MET=13 GeV

M(e2-p2) = 91 GeV/c2

run 1147806 event 1167222

M(e1-p1) = 92 GeV/c2
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+ Jets Final States
Jets:

energy deposit in
 h-f cone
|h| < 3.6
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Search for Mass Bumps in Dijets at CDF

n Inclusive jet samples
n MET/÷SET < 6 and SE < 2.2 TeV

n 2 highest ET jets selected
n fit of the mass spectrum with a

simple background parameterization
and search for bumps comparable
with the mass resolution.

 no significant evidence for a new particles…yet

Highest  mass event 

Run 152507 event 1222318
Dijet Mass = 1364 GeV/c2

cos q* = 0.30
z vertex = -25 cm
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Search for Mass Bumps in Dijets at CDF

300<M<410W’

280<M<420E6 diquark

260<M<640Technirho

200<M<760Excited Quark

200<M<1130Axion/Coloron

95% C.L.  GeVParticle

Excluded:
220<MG<840 GeV 
(k/Mpl= 0.3)

Complementary to dilepton search

ExtraDimensions
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Searches for LED in Missing Energy + Jets at D0

Graviton is produced
recoiling against a jet or
gluon

Monojet like topology

ET (Jet1)  > 150 GeV,
ET (Jet2)  < 50 GeV,
ET > 150GeV
D(Met,jet)> 30o

Observe 63 events; 
expect 100 ± 6 ± 7  in 85 pb-1

Signal Limit at 95% C.L.= 84 events
 (expected  limit 128 ± 28 )

Background: Z(‡nn)+jet(s)
Large energy scale uncertainty

Kfactor=
1
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Several extension of the SM model (GUTS, Technicolor, Compositeness, RPV-SUSY)
assume an additional symmetry between leptons and quarks

30% increase in 
cross section at RunII

Leptoquarks

Carry both lepton (L) and baryon (B) numbers
Couple to quark and lepton of the same generation

At the TeVatron they are 
pair produced

Their decay is controlled
by b = BR (LQÆlq )

Experimental signature:
high PT isolated lepton(s)
and/or ET + 2 jets

3 generations
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LQ search in nnjj at CDF

124 events seen after analysis cuts

Signature: Large MET and 2 jets b’ =BR(LQÆnq) = 1

Expected =118±14

Sample Composition:
  W/Z + jets
  top
  QCD fakes

M(LQ) > 117 GeV/c2 @ 95 % C.L.

Flavor independent 
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1st generation LQ at CDF

Signature: 
2 electrons and 2 jets
electron, ET and 2 jets
ET and 2 jets 
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2nd generation LQ at CDF

Tight m’s selection complemented
by m + track selection

2 events seen after analysis cuts

Signature: 2 muons and 2 jets 

Background:
    Z + 2 jets
    top
    QCD fakes

expected 3.15 ± 1.17

M(LQ) > 240 GeV/c2 @ 95% C.L.

b =BR(LQÆmq) = 1



4/8/04 Simona Rolli, I.F.A.E. Torino 30

23822523021311st

1801600.5

1862002412021

MLQ (GeV)MLQ (GeV)bGeneration

9878-1170

2nd

9878-1170

1942041661820.5

Run 2Run 1Run 2Run 1

D∅CDFScalar LQ

Summary of LQ searches
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S.M. Higgs Searches at CDF

bblWHpp nÆÆ

Selection:
•High pt lepton data 
•One high pt central e or m, large MET (MET>20 GeV)

•2 jets (at least one is tagged as b-jet)
•Veto events with >1 lepton (suppress ttbar)

Backgrounds:

•Mistags

•Wbb, Wcc, Wc

•QCD

• tt, single t, di-
boson, Z(Ætt)

S/÷B = 0.054
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Future improvements :
Include forward electron
Improvement jet energy resolution
Improve b-tagging
Combine with other channels

Higgs Search (cont’d)

Improved limit over Run1, but sensitivity
of current search is limited by statistics

D0 sets an upper limit of
12.4 pb at 95% C.L.
for m(H) = 115 GeV/c2
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New Run I top mass combination

Combination Method:
weighted mean of un-correlated measurements
numerical minimization of c2 for correlated measurements

New Higgs  mass
constraint
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Conclusions

Many exciting results are currently produced at CDF and D0
First exotics  physics papers will be submitted very soon!

A signature-based approach is complemented by
Model-Based searches
           same signature, different physics

The  Puzzle is becoming more and
more interesting!
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Backup Slides
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Large Extra Dimensions (LED)

n Weakness of gravity is explained by Extra Dimensions
n SM is confined to 3D-world (brane)
n Gravity propagates in ED and is as strong as other interactions but this is

apparent only to (3+n)-dimensional observer

n Can detect LED via virtual graviton effects
n Searched for anomalies in e+e- and gg events

n Also searched for monojet signatures
n Jet recoiling against Gn



4/8/04 Simona Rolli, I.F.A.E. Torino 37

Old Higgs mass limit from MTop
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LQ limits compared to HERA
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Dimuons searches at CDF


