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Ø CDF detailed examination of heavy flavor content of jets produced in 
association with W bosons: (Phys. Rev. D 65, 052007 (2002))
ä Data sample and W+jet composition
ä Study of the correlation between SLT and SECVTX tags, superjets (to be 

defined, no any relation with Supersymmetry)
ä Study of the superjet kinematics
ä Additional cross-checks 
ä Summary

Ø CDF and DØ leptoquark searches
ä CDF: first generation and second generation updates 
ä DØ:  Search for leptoquark pairs decaying to νν+jets (hep-ex/0111047)

Ø CDF: Search for new physics in γ−(e,µ) events (hep-ex/0202044)
Ø Conclusion 
Ø SUSY and Extra dimensions – see DØ talk by  Sharon Hagopian

Outline
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Data sample : lepton + jet  events

Ø Kinematic cuts:

ä One high ET  lepton (e , µ)
4 ET >20 GeV

4 Central (| η | <1)

4 Isolated 

ä ET > 20 GeV
ä at least 1 jet  with ET >15 GeV and |η|  <2.0 

Ø b-identification: eff.
ä SECondary VerTeX (SECVTX)         50%
ä Jet-ProBability (JPB) 50%
ä Semileptonic decay (SoftLeptonTagging )      20%
ä The taggers are calibrated on the generic-jet

data sample 
Ø Top quark sample is part of the lepton+jet sample
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tt Cross Sections in various 
topological channels

Ø The cross section 
result from all 
topological channels 
are combined 

pbCDFtt
7.1
4.15.6)( +

−=σ

pbtt 7.19.5)DØ( ±=σ

pbtheorytt 8.01.5)( ±=σ

CDF and DØ measure top SLT cross 
section  higher but compatible with SM



March  2002 G.Velev , Moriond EWK '02 5

W+jets, expected sample composition

Ø Data are used to predict  the 
events from non-W sources

Ø Pythia  is used for  
ä WW,WZ,ZZ
ä Unidentified Z+jets
ä tt  with production cross 

section 5.1 pb 
ä Single top, pp → tb via a 

virtual s-channel W

Ø Herwig is used for Single top, 
via a virtual t-channel W

Ø Calibrated to data, Herwig  
and  VECBOS generators  
are used to estimate the rate 
of W+jets with heavy flavor

Top 
contribution

QCD 
contribution

pb
tt

8.01.5 ±=σ
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W+jets, sample composition 
after tagging

Phys. Rev. D64:032002, 2001

Ø Tags:
ä A jet with (positive) tags from any tagging algorithm.

Ø Mistags:
ä Tags in jets without heavy flavor content.
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SECVTX and SLT correlations

Ø The rate of events with SLT tags (no 
SECVTX) is  consistent with 
expectation. These tags are mostly 
fakes (~75%).

Ø Clean sample: the composition of 
the SECVTX tags is: 70% b-jets and 
20% c-jets

Ø The rate of events with SECVTX 
and SLT tags (multitag event) 
seems larger than expectation

Ø The idea is to check the semi-
leptonic BR of  heavy quark jets by 
studying the fraction of SECVTX 
tagged jets which also contain a 
SLT tag (SuperTag or SuperJet)

P~50%

P~3%
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SECVTX Tagged Events 

Ø The probability that the SM  prediction is consistent with data in all 4 jet bins is 0.4%
Ø In the njet=2,3 bins, the supertag sample has 13 events and 4.4  ± 0.6  are expected. 

The a posteriori probability of observing no less than 13 events is 0.1%. 
Ø We define a complementary  sample as the SECVTX tagged events which pass all 

cuts defining the superjets + SLT candidate track inside SECVTX jet
Ø The complementary sample has 43 SECVTX. 43.6 ± 3.3 are expected from the SM
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Additional SECVTX tags

Ø If the events with supertags  were like those of the complementary  
sample, 1.8 double tags (DT) would be expected.

Ø The probability 1.8 tags to fluctuate  to 5 is 4.1%.
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Kinematic Study, Set I

Ø If  the 13 events are a statistical fluctuation,   the  kinematics would be 
consistent with the S.M. simulation and the with complementary sample

Ø We  chose two sets of 9 variables to look for differences 
ä The first includes d2σ / (dpT dη) for every  different object in the final state (6 

variables)
ä The transverse energy ET

l +suj+b and rapidity yl +suj+b of the system (l +suj+b)
which is strongly correlated with missing transverse energy ET and the rapidity 
of the object producing ET 

ä The angle between the lepton and the system (b+suj) ϕ l ,suj+b (check if events 
are consistent with the production and decay of  W bosons)

ä These 9 variables fully describes the kinematics of the final state with modest 
correlations.

Ø The second one (see later) includes parameters of possible physical 
significance (e.g. masses of the various systems) 

Ø The data and SM MC distributions are compared using a Kolmogorov-
Smirnov (K-S) test. Kuiper’s definition of test was applied.

))()(max())()(max( iiii xFxHxHxF −+−=δ

{9
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Azimuthal angle ϕ l ,suj+b

Ø We use MC experiments to 
determine the distributions of the 
KS distance δ

Ø In each MC experiment, tempo-
rary templates are constructed. 
They account for Poisson 
fluctuations in the number of 
events and for Gaussian
uncertainties in the SM cross 
sections

Ø From each temporary template 
we randomly generate a 
distribution with the same number 
of entries as the data

Ø We compare this distribution to 
the nominal SM template (no 
fluctuations) and derive δ
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Primary Lepton Properties
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Event Vertex

Ø We  notice that η distributions of the 
primary lepton and the jets are not 
very left-right symmetric

Ø We investigate the z-distribution of 
the event vertex. It is also not well 
centered around z=0. The binomial 
probabilities of observing an equal or 
larger  asymmetry in the event vertex 
is  P=1.7•10-2

ä We don’t know of any physics process 
that could generate these asymmetries

ä It may be a low probability statistical 
fluctuation 

ä or obscure detector effect. However such 
asymmetries are not visible in the 
complementary sample nor in the any 
other control samples
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Summary of the Probabilities
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Second Set of Variables 

Ø As a check, we 
compared the 
superjet and its 
complementary 
sample choosing a 
different set of 9 
variables.  

Ø Again the simulation 
correctly models the 
control  sample while 
the probabilities   for 
superjet events are 
systematically lower
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18 Kinematical Variables

< P>=0.13 RMS=0.11 < P>=0.50 RMS=0.24

Ø The complementary sample probabilities are flatly distributed, 
as we expected from the simulation 

Ø The probabilities of the superjet events: all have  low values
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Additional Properties  and Checks of 
the Superjet Sample

Ø We checked the following properties of the superjets and/or 
superjet events
ä Soft lepton PT and other parameters
ä Superjet fragmentation properties
ä Superjet lifetime – found to be compatible with the MC prediction, P=5%
ä Primary lepton parameters 

Ø We performed a number of  background/acceptance studies
ä Non-W events & low PT lepton sample
ä Primary lepton trigger studies – found 2 more superjet events
ä Extended acceptance, including plug electrons (1.2<|η|<1.5) – found 2 

more superjet events

Ø We did not find any effects which might indicate detector or 
simulation problems

Ø We found 4 additional superjet events:0.42 ± 0.06 are expected
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Summary

Ø The heavy flavor contents of jets produced in association with 
W bosons has been studied. A good agreement between  
observed and predicted rates of separate SECVTX (displaced 
vertex) and SLT (soft lepton) tags was found.

Ø An exception is the number of events with a superjet, featuring 
both a SECVTX and SLT tag  (13 observed and 4.4±0.6 
expected). After an additional check 4 more superjet events 
were recovered (17 observed and 4.8±0.7 expected)

Ø A detailed examination of the kinematical properties of these 
events shows that they are statistically difficult to reconcile 
with a simulation of  SM processes. The same simulation 
models well a complementary sample of  W+jet events and 
larger samples of generic-jet data
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Summary, cont.

Ø Obscure detector effects can never be ruled out, but extensive 
studies of these events and investigation of larger statistics 
data sets have not revealed any effects which might indicate 
detector problems or simulation deficiencies

Ø We are not aware of any model for new physics which 
incorporates production and decay properties of new particles 
as necessary to explain all features of these events
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Leptoquarks

Ø Directly couple quarks  to leptons 
Ø Predicted by a variety of models
ä Grand Unified Theories, Technicolor, 

Compositeness, R-Parity Violating 
SUSY  

Ø The pair production dominates
ä gg,qq → LQLQ

Ø All three generation could be
produced

Ø Lepton and baryon number are 
conserved in the LQ decays

Ø Signatures:high pt e or µ,  and jets 
(tagged jets for the second and third 
generation), ET

Br(LQ→lq)=β
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First generation LQ limits

ØCDF: new analysis in the 
eνjj channel

ØSelection requrements:
ä ET (e ) > 30 GeV,  isolated, no 

second lepton (e, µ)
ä ET > 20 GeV and ∆ϕ(ET ,jet) 

separation
ä ET (jets) > 30,15  GeV, corrected
ä ET (jets1)+ ET (jets2)>60 GeV, ET 

(jets1)+ ET (jets2) + ET >100 GeV
ä LH < -10.5

ØNo signal events was 
found, total background: 1 
event
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Search for LQs in νν+jets

Ø ννqq  final state includes LQ of 
all generation

Ø Initial data sample with loose 
cuts agrees with background 
expectation
ä 242 ±30 expected background, 231 

data events

Ø Analysis uses NN to optimize 
search for  MSLQ=100 GeV/c2, 
MVLQ= 200 GeV/c2 

ä Scalar LQ: 56.0 ±8.1 expected 
background, 58 data events

ä Vector LQ: 13.3 ±2.8 expected 
background, 10 data events
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First generation LQ limits, cont.

 

β= 
BR(LQ  →eq) 

 

Scalar 
GeV/c2

 

Vector with 
Minimal 

Coupling 
GeV/c2 

Vector with 
Yang-Mills 
Coupling 

GeV/c2 

CDF    

1 220 280 330 
0.5 202 265 310 

DØ    
1 225 292     345 

0.5 204 282 337 
0 98 238 298 

 

Combined Limits for LQ 
pair production

B(LQ →e±q) vs MLQ  (GeV/c2) for the 

scalar and vector couplings
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Scalar LQ2 Limit, µνjj Signature

MLQ = 164 GeV/c2 at 95% CL
The plots show the selection for M(LQ) = 160 GeV/c2

ä Observed  after the cuts: 2 events
ä Expected background: 2.0 ± 0.6 events
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Combination with µµjj analysis 

MLQ = 180 GeV/c2 at 95% CL (CDF)
MLQ = 170 GeV/c2 at 95% CL (DØ)
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Vector LQ Mass and BR Limits

Limit at 95% CL:
k = 0  Minimal Vector couplings

MLQ > 230 GeV/c2

k = 1  Yang-Mills couplings
MLQ > 290 GeV/c2
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2nd generation limits

B(LQ →µ±q) vs MLQ  (GeV/c2) for the 

scalar and vector couplings

 

β= 
BR(LQ  →µq) 

 

Scalar 
GeV/c2

 

Vector with 
Minimal 

Coupling 
GeV/c2 

Vector with 
Yang-Mills 
Coupling 

GeV/c2 

CDF    

1 208 208 268 
0.5 180 230  290 

DØ    
1 202 275     325 

0.5 170 270 310 
0 98 238 298 

 

Combined Limits for LQ 
pair production
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3rd generation LQs

Ø CDF PRL 78, 2906 (1997) ττbb
ä Scalar: M>99 GeV
ä Vector: 

44 M>170M>170 GeVGeV (min)(min)
44 M>225M>225 GeVGeV (YM)(YM)

Ø CDF, ννbb
ä Scalar: M>148 GeV
ä Vector: 

44 M>199 M>199 GeVGeV (min)(min)
44 M>250 M>250 GeVGeV (YM)(YM)

Ø DØ PRL 81, 38 (1998) ννbb
ä Scalar: M>94 GeV 
ä Vector:

44 M>148M>148 GeVGeV (min)(min)
44 M>216M>216 GeVGeV (YM)(YM)

 

Process  
 

Scalar 
GeV/c 2

 

Vector with 
Minimal 

Coupling 
GeV/c2 

Vector with 
Yang-Mills 
Coupling 

GeV/c2 

CDF    

ττbb 

 
148 199 250 

ννbb 99 170  225 

DØ    
ννbb 94 148     216 
ννqq 98 238     298 
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CDF: Search for new physics in γ−(e,µ) 
events

Ø CDF has a well  
established  program for 
search of new physics in 
photon+X data samples

Ø The inclusive photon-
lepton sample is analyzed 
as two subsamples:
ä Two-body – contains only γ−

(e,µ) and ∆Φ(l,γ)>1500

ä Multi-body – additional 
lepton,photon or ET

Ø The observed number of 
events is compared with 
SM prediction
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Photon-Lepton  Results 

Ø The excess of events with 
probability of 0.7% (2.7σ) 
is an interesting  result.
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Conclusion

Ø In Run I, CDF and DØ experiments have actively searched for 
new physics beyond the Standard Model

Ø There is no sign yet …
Ø Many of the limits were set.
ä SUSY
ä Technicolor 
ä Compositeness
ä New particles

Ø Future prospects
ä Tevatron Run 2 (up to 15 fb-1/experiment)


