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SM provides an accurate description of the HEP data SM provides an accurate description of the HEP data 
collected collected …… so far!so far!
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…… But the SM cannot be the end of the story for it But the SM cannot be the end of the story for it 
leaves many unanswered questions.leaves many unanswered questions.

Strong-CP problem
Unification

Neutrino mass
ElectroWeak Symmetry Breaking

Dark MatterDark Energy

Space-time Structure
& Gravity

A signatureA signature--based searchbased search…… and its limitationsand its limitations
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There There areare models which can address some of these problems models which can address some of these problems 
by extending the SM by extending the SM lagrangianlagrangian

⇒⇒ Predictions for new phenomena to be Predictions for new phenomena to be tested!tested!

Observation of new phenomena get ahead of any further Observation of new phenomena get ahead of any further 
understanding of Nature beyond the SMunderstanding of Nature beyond the SM

New phenomena = deviations with respect to SM predictionsNew phenomena = deviations with respect to SM predictions

Excess of events of a given final state would reveal crucial Excess of events of a given final state would reveal crucial 
information about new physicsinformation about new physics

Direct probe of new particles or couplingsDirect probe of new particles or couplings
Simple and well understood statistical problemSimple and well understood statistical problem

⇒⇒ Perform counting experiment to look for New PhenomenaPerform counting experiment to look for New Phenomena

A signatureA signature--based searchbased searchThe quest for New Physics!The quest for New Physics!

Focus on low multiplicity Jets+Met final states
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New particles should manifest New particles should manifest 
at the 0.1at the 0.1--1.0 1.0 TeVTeV rangerange

Scale of the electroweak Scale of the electroweak 
symmetry breakingsymmetry breaking
Favoured scale for the mass of Favoured scale for the mass of 
Cold Dark Matter candidates Cold Dark Matter candidates 
((WIMPsWIMPs))

TevatronTevatron is still the Worldis still the World’’s s 
most powerful Microscopesmost powerful Microscopes

Can probe the subCan probe the sub--TeVTeV rangerange

The LHC will very soon extend The LHC will very soon extend 
the energy frontierthe energy frontier

A signatureA signature--based searchbased searchAt which energy scale?At which energy scale?
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Tevatron

Main Injector

PP
1.96 TeV

A signatureA signature--based searchbased searchCDF at the CDF at the TevatronTevatron
CDF has recorded over 5 fbCDF has recorded over 5 fb--11 of data!of data!

Present analyses up to 2 fbPresent analyses up to 2 fb--11

Improving key precision measurements; Improving key precision measurements; egeg:: W & top massesW & top masses
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Astrophysical evidences for dark matter provide strong Astrophysical evidences for dark matter provide strong 
motivation for the existence of new undetectable particlesmotivation for the existence of new undetectable particles

Measured as unbalanced energy in the detector (Met)Measured as unbalanced energy in the detector (Met)

Many new physics scenario predicts enhanced Met signal Many new physics scenario predicts enhanced Met signal 
Discrete symmetry providing dark matter candidatesDiscrete symmetry providing dark matter candidates

EgEg: : SupersymmetrySupersymmetry (R(R--parity), Universal Extra Dimensions (KKparity), Universal Extra Dimensions (KK--number)number)

Graviton escaping in a bulk of Extra DimensionsGraviton escaping in a bulk of Extra Dimensions
New unstable particles coupling to neutrinosNew unstable particles coupling to neutrinos

EgEg: : LeptoquarksLeptoquarks

⇒⇒ Details of the final states depends on specific modelDetails of the final states depends on specific model

Undetectable states will be accompanied by jets in the final Undetectable states will be accompanied by jets in the final 
states if couple to unstable coloured particlesstates if couple to unstable coloured particles

⇒⇒ High production rate expected in High production rate expected in hadronhadron colliderscolliders

A signatureA signature--based searchbased searchWhy Why Jets+MetJets+Met final states?final states?
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A signatureA signature--based searchbased search
Different models could contribute to the same phenomena Different models could contribute to the same phenomena 

Cannot exploit angular correlations, asymmetries, or invariant Cannot exploit angular correlations, asymmetries, or invariant 
mass to disentangle the different new physics possibilitiesmass to disentangle the different new physics possibilities

⇒⇒ No good reason to favour a model over anotherNo good reason to favour a model over another

Absence of popular new physics model to predict an excess Absence of popular new physics model to predict an excess 
should should notnot be an issuebe an issue

If there isnIf there isn’’t a popular model now, there could be one next yeart a popular model now, there could be one next year……
We generally only focus on We generally only focus on ““minimalminimal”” versions of these modelsversions of these models

Badly understood backgrounds or detector effects Badly understood backgrounds or detector effects areare interestinginteresting

DonDon’’t forget the inverse problem: if we find something, how t forget the inverse problem: if we find something, how 
will we know what it is?will we know what it is?

Will need to look at all channels to pin down the type of new phWill need to look at all channels to pin down the type of new physicsysics
Interpretation in terms of a model or another will be pure specuInterpretation in terms of a model or another will be pure speculation lation 

Why looking at signatures?Why looking at signatures?
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DonDon’’t want to miss t want to miss unexpectedunexpected new new 
physics because of our selectionsphysics because of our selections……

NoNo optimization for a particular modeloptimization for a particular model
Selections minimize fake backgrounds.Selections minimize fake backgrounds.

Look for excess in different phase Look for excess in different phase 
space volumes;space volumes;

Different sensitivity to S/B. Different sensitivity to S/B. 

If no significant signal is found, If no significant signal is found, 
severe constraints can be set on a severe constraints can be set on a 
large spectrum of models:large spectrum of models:

From From monojetmonojet: LED (ADD like): LED (ADD like)

Dijet: Dijet: squarksquark (SUSY) and (SUSY) and leptoquarkleptoquark
productionproduction

A signatureA signature--based searchbased searchModelModel--Independence!Independence!

The price to pay for model-independence is a potential
loss of sensitivity to some benchmark models
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Theory: Theory: 
quick overview of some of quick overview of some of 

the popular benchmark the popular benchmark 
modelsmodels
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A signatureA signature--based searchbased searchExtra DimensionsExtra Dimensions
ED proposed in the late 90ED proposed in the late 90’’s as a s as a 
potential solution to the hierarchy potential solution to the hierarchy 
problemproblem

Since then, ED have been used as Since then, ED have been used as 
an ingredient to many unsolved an ingredient to many unsolved 
problems of the SMproblems of the SM

EWSB, Dark Matter, Dark Energy, EWSB, Dark Matter, Dark Energy, 
SUSY breaking, etc...SUSY breaking, etc...

ED must be somehow hidden or we ED must be somehow hidden or we 
would have already observed them would have already observed them 

compactifiedcompactified

We use the ADD model to set limitsWe use the ADD model to set limits



1414

A signatureA signature--based searchbased searchGravity in Large Extra DimensionsGravity in Large Extra Dimensions
Gravitational potential in 3D

(Newton)

Gravitational potential in 3+n
Spatial dimensions

(compactified at radius R)

r R:

r > R: 2n
D

n2
Pl MRM +≈⇒
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Setting MSetting MDD = 1 = 1 TeVTeV
(n = 1) (n = 1) →→ R ~ 10R ~ 101313 mm

Excluded by astronomical dataExcluded by astronomical data

(n = 2) (n = 2) →→ R ~ 400 R ~ 400 μμmm
Same order as current limits Same order as current limits 
from direct probes of gravityfrom direct probes of gravity

(n = 6) (n = 6) →→ R ~ 10R ~ 10--1313 mm
Accessible only at high energy Accessible only at high energy 
colliders colliders 

Gravity in Large Extra DimensionsGravity in Large Extra Dimensions

Three Three partonparton--level processes for graviton emissionlevel processes for graviton emission
qqqq →→ gGgG, , qgqg →→ qGqG, , gggg →→ gGgG
Gravitons Gravitons ““escapeescape”” in bulk of extra dimensions undetectedin bulk of extra dimensions undetected

Results in a final state with a single jet and missing EResults in a final state with a single jet and missing ETT
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SUSY: SUSY: squarksquark and and gluinogluino productionproduction
Focus in CDF Run II (and LHCFocus in CDF Run II (and LHC……) has been mostly on ) has been mostly on mSUGRAmSUGRA

Much fewer free parameters than general MSSM modelsMuch fewer free parameters than general MSSM models
No solutions for No solutions for squarksquark masses significantly lighter than masses significantly lighter than gluinogluino
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Final states with Final states with gluinosgluinos have more jetshave more jets
⇒⇒ mSUGRAmSUGRA analyses look for multianalyses look for multi--jets + Met final statesjets + Met final states

SUSY: SUSY: squarksquark and and gluinogluino decaydecay

Missing Transverse 
Energy

Missing Transverse 
Energy

Jets
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For a large chunk of the SUSY For a large chunk of the SUSY 
parameter space in which the parameter space in which the 
squarksquark mass is less than the mass is less than the 
gluinogluino mass, no mass, no mSUGRAmSUGRA
interpretation is possible interpretation is possible 

This is also a single slice of a This is also a single slice of a 
huge parameter spacehuge parameter space……

For these cases, pair For these cases, pair 
production of production of squarkssquarks leads to leads to 
final states containing 2 jets final states containing 2 jets 
and missing Eand missing ETT

NonNon--mSUGRAmSUGRA searchessearches
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Generic Feynman diagram where:Generic Feynman diagram where:
UnsUns = new unstable particle:= new unstable particle: egeg. . SquarkSquark, KK, KK--quark, quark, leptoquarkleptoquark, etc, etc
Inv  = invisible particle:Inv  = invisible particle: egeg. . NeutralinoNeutralino, graviton, neutrino, etc, graviton, neutrino, etc

Many other Dijet + Met signalsMany other Dijet + Met signals……

q

q

g Uns

Uns

Jet

Jet

Inv

Inv
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Dominant

Leptoquarks are particles that carry Leptoquarks are particles that carry 
lepton and baryon numberslepton and baryon numbers

predicted in a variety of theoriespredicted in a variety of theories

Assumed to couple only to quarks Assumed to couple only to quarks 
and leptons of a single generationand leptons of a single generation

Leptoquarks can be Leptoquarks can be scalar (spinscalar (spin--0)0)
or vector (spinor vector (spin--1)1)

Depending on the exact model, Depending on the exact model, 
leptoquarks can couple to charged leptoquarks can couple to charged 
leptons, leptons, neutrinosneutrinos, or both, or both

LQ LQ →→ q + q + νν
LQ LQ →→ q + lq + l

Pairs produced via the 
strong interaction 

Scalar LQ cross section 
depends only on strong 

coupling and MLQ

LeptoquarksLeptoquarks
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TypeType SpinSpin II3W3W F=3B+LF=3B+L QQ Decay CouplingCoupling βe

SS1L1L 00 00 --22 --1/31/3 e-u, νd λλLL, , --λλLL 1/2

SS1R1R 00 00 --22 --1/31/3 e-u λλRR 1

SS1R1R 00 00 --22 --4/34/3 e-d λλRR 1

SS3L3L 00 11 --22
--4/34/3
--1/31/3
2/32/3

e-d
e-u, νd

νu

--√√2 2 λλLL
-- λλLL, , -- λλLL
√√2 2 λλLL

1
1/2
0

RR2L2L 00 1/21/2 00 --5/35/3
--2/32/3

e-u
νu

λλLL
λλLL

1
0

RR2R2R 00 1/21/2 00 --5/35/3
--2/32/3

e-u
e-d

λλRR
--λλRR

1
1

RR2L2L 00 1/21/2 00 --2/32/3
1/31/3

e-d
νd

λλLL
λλLL

1
0

VV2L2L 11 1/21/2 --22 --4/34/3
--1/31/3

e-d
νd

λλLL
λλLL

1
0

VV2R2R 11 1/21/2 --22 --4/34/3
--1/31/3

e-d
e-u

λλRR
λλRR

1
1

VV2L2L 11 1/21/2 --22 --1/31/3
2/32/3

e-u
νu

λλLL
λλLL

1
0

UU1L1L 11 00 00 --2/32/3 e-d, νu λλLL, , λλLL 1/2

UU1R1R 11 00 00 --2/32/3 e-d λλRR 1

UU1R1R 11 00 00 --5/35/3 e-u λλRR 1

UU3L3L

11
11 00

--5/35/3
--2/32/3
1/31/3

e-u
e-d, νu

νd

√√2 2 λλLL
-- λλLL, , λλLL
√√2 2 λλLL

1
1/2
0

Most general LMost general Leffeff can can 
describe up to 24 describe up to 24 
leptoquarks for each leptoquarks for each 
generation!generation!

Generally, only a Generally, only a 
subset of these will subset of these will 
be contained in any be contained in any 
particular modelparticular model

Argues against overArgues against over--
optimizing searches optimizing searches 
for one particular for one particular 
modelmodel

Many possible Many possible LeptoquarksLeptoquarks……
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Analysis StrategyAnalysis Strategy
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Study Study jet(sjet(s) plus Met signature over a range of kinematic ) plus Met signature over a range of kinematic 
cuts and jet multiplicitiescuts and jet multiplicities

Focus on using dataFocus on using data--driven estimates of SM backgrounds driven estimates of SM backgrounds 
as much as possibleas much as possible

⇒⇒ will provide priceless experience for the LHCwill provide priceless experience for the LHC

Design the analysis to reduce the reliance on detailed Design the analysis to reduce the reliance on detailed 
Monte Carlo modelingMonte Carlo modeling

Jet Energy Scale and resolutionJet Energy Scale and resolution
Pile up and underlying eventsPile up and underlying events
PDF and ISR/FSR effectsPDF and ISR/FSR effects
Luminosity measurementLuminosity measurement

Significantly reduce the systematic uncertainties Significantly reduce the systematic uncertainties 
However, interpretations wonHowever, interpretations won’’t escape these sources of errort escape these sources of error

Analysis ApproachAnalysis Approach
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The idea of dataThe idea of data--driven predictions is:driven predictions is:

11-- Reverse one (few) signal Reverse one (few) signal selection(sselection(s) to produce an ) to produce an 
orthogonal data sampleorthogonal data sample

The reversed selection(s) must be unbiased (at a given The reversed selection(s) must be unbiased (at a given 
level of precision) with respect to the otherslevel of precision) with respect to the others

DataData--driven techniques 101driven techniques 101

Signal
events

Data model
of the signalY

¬Y

X Z ⊆ ¬X

X = reversed selection
Y = all other selections

If X is unbiased with respect to 
Y, than Y∧Z provide a good 

model for Y∧X

22-- Count the number of events in the YCount the number of events in the Y∧∧Z (Z Z (Z ⊆⊆ ¬¬X) sample to X) sample to 
estimate  the number of events in the Yestimate  the number of events in the Y∧∧X sampleX sample

33-- Compute the Compute the mapping factor giving the right normalizationmapping factor giving the right normalization

X
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Electroweak:Electroweak:
ZZ→→νννν + jets (largest and irreducible background)+ jets (largest and irreducible background)
W W →→ llνν + jets+ jets where where the lepton is not observed in the detectorin the detector

In this case, the reversed cut In this case, the reversed cut X is the lepton vetoX is the lepton veto

QCD: QCD: 
Met originating from Met originating from mismeasuredmismeasured jet energiesjet energies

Small if Met is large Small if Met is large 

In this case, the reverse cut In this case, the reverse cut X is the X is the azimuthalazimuthal angle (angle (φφ)) between between 
the jets and the Metthe jets and the Met

Jets + Met backgroundsJets + Met backgrounds

We can use Z We can use Z →→ llll + jets and W + jets and W →→ llνν + jets events with + jets events with 
reconstructed leptons to estimate these backgroundsreconstructed leptons to estimate these backgrounds

Estimated using multiEstimated using multi--jet events in which Met points jet events in which Met points 
along the direction of one of the jetsalong the direction of one of the jets
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Jets observables present similar distributions

e

e

Met

Z→ee + 1-jet Z→νν + 1-jet

Some 2Some 2ndnd order acceptance corrections due to:order acceptance corrections due to:
Less available phase space for jets in events with charged leptoLess available phase space for jets in events with charged leptonsns
Extra jets produced via charged lepton radiationExtra jets produced via charged lepton radiation

→→ Correction included in the mapping factor (Correction included in the mapping factor (AAcorrcorr ~4~4--10%)10%)

Electroweak backgrounds (I)Electroweak backgrounds (I)
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Obtain independent predictions from electrons and Obtain independent predictions from electrons and muonsmuons
((l l = e, = e, μμ))

Agreement between those predictions validate themAgreement between those predictions validate them
Use high PtUse high Pt--lepton samples to get the data to be used for the lepton samples to get the data to be used for the 
electroweak background predictionselectroweak background predictions

Can also estimate of Can also estimate of ZZ→→νννν + jets background from high + jets background from high 
statistics statistics WW→→llνν + jets events+ jets events

Use the theoretical prediction for  Use the theoretical prediction for  

⇒⇒ 4 statistically independent predictions for the 4 statistically independent predictions for the ZZ→→νννν + jets    + jets    
background!background!

Electroweak backgrounds (II)Electroweak backgrounds (II)

))((
))((

jetsZ
jetsWR

+→
+→

≡
ll

l

σ
νσ
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Calculations performed at NLO (MCFM program)Calculations performed at NLO (MCFM program)
Uncertainty much smaller on R (ratio) than on individual cross Uncertainty much smaller on R (ratio) than on individual cross 
sectionssections

Electroweak backgrounds (III)Electroweak backgrounds (III)

W/Z + 1 jet W/Z + 2 jet
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Also need to take some acceptance (AAlso need to take some acceptance (Aleplep), efficiency (), efficiency (εεleplep) ) 
and background (and background (NNbkgbkg) corrections into account) corrections into account

⇒⇒ Contribute to the mapping factorContribute to the mapping factor

From ZFrom Z→→llll  + jets+ jets::
Mapping factor include:Mapping factor include:

From the From the WW→→llν ν + jets:+ jets:

Mapping factor include:Mapping factor include:

6
)(
)(

/ ≈
→
→

≡
ll

l ZBr
ZBrA νν

ν

Electroweak backgrounds (IV)Electroweak backgrounds (IV)
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QCD backgrounds (I)QCD backgrounds (I)
Sources of QCD contribution:Sources of QCD contribution:

(n+1)(n+1)--jets events for which one of the jets is lost (dominate)jets events for which one of the jets is lost (dominate)
(n+m)(n+m)--jets events for which m jets are lost (smaller)jets events for which m jets are lost (smaller)

To estimate the (n+1)To estimate the (n+1)--jets contribution:jets contribution:

11-- Select (n+1)Select (n+1)--jets events for which jets events for which 
the Met points toward the less the Met points toward the less 
energetic jetenergetic jet

22-- Extrapolate the EExtrapolate the ETT of this jet of this jet 
below jets energy threshold below jets energy threshold 
(loose a jet) (loose a jet) 

33-- The area under the fit in the The area under the fit in the 
extrapolated region is the extrapolated region is the 
predictionprediction

2-jets events

Extrapolated
region
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There is an electroweak contamination in the EThere is an electroweak contamination in the ETT distribution distribution 
of the smallest jetof the smallest jet

⇒⇒ tends to overestimate the QCD backgroundtends to overestimate the QCD background

To remove this contamination, we need from data:To remove this contamination, we need from data:
The shape of the smallest jet EThe shape of the smallest jet ETT for this EWK contaminationfor this EWK contamination

The right normalizationThe right normalization

QCD backgrounds (II)QCD backgrounds (II)

Need to account for the smaller (n+m)Need to account for the smaller (n+m)--jets contributionjets contribution

Contribution estimated from Monte CarloContribution estimated from Monte Carlo
≈≈ (20 (20 ±± 20) %20) %
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The Measurement resultsThe Measurement results
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Jet definition:Jet definition:
JETCLU reconstruction algorithm JETCLU reconstruction algorithm 
with cone size of 0.7 and Ewith cone size of 0.7 and ETT>15 >15 GeVGeV

Event Cleanup (good vertex, EM energy)Event Cleanup (good vertex, EM energy)

Jet CleanupJet Cleanup
Matching charged tracksMatching charged tracks

Not located in unNot located in un--instrumented regions of the calorimeterinstrumented regions of the calorimeter
Crack or service regionsCrack or service regions

Not pointing along the direction of the MetNot pointing along the direction of the Met

Lepton veto (no EM jets, no isolated tracks)Lepton veto (no EM jets, no isolated tracks)

Basic Selection CutsBasic Selection Cuts

Clean-up cuts are essential for removing large
background from non-collision sources!

→ Suppress QCD

→ Suppress W+jets

Common to both
the monojet and

the Dijet+Met
analyses
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Example of Cosmic event (I)Example of Cosmic event (I)

Appears to be good single jet plus Met event



3535

Example of Cosmic event (II)Example of Cosmic event (II)

Tracking views clearly indicate that jet originates from 
cosmic ray which passes far away from overlapping 

collision vertex
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MonojetMonojet events selectionsevents selectionsMonojetMonojet event selectionsevent selections
Three kinematic regions based on Three kinematic regions based on 
Met and leading jet EMet and leading jet ETT::

Met > 80 Met > 80 GeVGeV & Jet E& Jet ETT > 80 > 80 GeVGeV

Met > 120 Met > 120 GeVGeV & Jet E& Jet ETT > 150 > 150 GeVGeV

Met > 150 Met > 150 GeVGeV & Jet E& Jet ETT > 180 > 180 GeVGeV

No 2No 2ndnd jet with Ejet with ETT > 30 > 30 GeVGeV (60 (60 GeVGeV
if Jet Eif Jet ETT > 150 > 150 GeVGeV))

No 3No 3rdrd jet with Ejet with ETT > 15 > 15 GeVGeV

Asymmetric cuts to increase signal Asymmetric cuts to increase signal 
acceptance (ISR/FSR)acceptance (ISR/FSR)

ET

Jet 1 ET(corr)
0

80

120

150

80 150 180

Use Use 1 fb1 fb--11 of dataof data from JET100 and MET45 triggersfrom JET100 and MET45 triggers

JET100 trigger is fully efficient for Jet EJET100 trigger is fully efficient for Jet ETT > 150 > 150 GeVGeV
MET45 trigger is fully efficient for Met > 80 MET45 trigger is fully efficient for Met > 80 GeVGeV



3737

Jet ET = 419 GeV, Missing ET = 417 GeV

Most Energetic Most Energetic MonojetMonojet Event Event 
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Results are consistent with SM in all 
three kinematic regions

BackgroundBackground 80/8080/80 150/120150/120 180/150180/150

ZZ→→νννν + jet+ jet 3203 3203 ±± 137137 390 390 ±± 3030 141 141 ±± 1717

WW→→τντν + jet+ jet 2010 2010 ±± 6969 187 187 ±± 1414 58 58 ±± 55

WW→→μνμν + jet+ jet 1570 1570 ±± 5454 117 117 ±± 99 35 35 ±± 33

WW→→eeνν + jet+ jet 824 824 ±± 2828 58 58 ±± 44 18 18 ±± 22

ZZ→→llll + jet+ jet 87 87 ±± 33 6 6 ±± 11 2 2 ±± 00

QCDQCD 708 708 ±± 146146 23 23 ±± 2020 12 12 ±± 1212

γγ + jet+ jet 209 209 ±± 4141 17 17 ±± 55 8 8 ±± 33

NonNon--collisioncollision 52 52 ±± 5252 10 10 ±± 1010 3 3 ±± 33

PredictedPredicted 8663 8663 ±± 332332 808 808 ±± 6262 277 277 ±± 3030

ObservedObserved 84498449 809809 319319

MonojetMonojet ResultsResults

Our measurement is really just a number (table). This is a check
to see if it would worth to do a further investigation with shapes



3939EEöött--Wash limit: Wash limit: RR < 1.3 < 1.3 ×× 1010--11 mmmm ((nn=2)=2)

* The 150/120 analysis provides the best sensitivity for LED scenario.

Signal Upper limits (95% CL) for 150/120 = 125 events

Limits on the 4+n dimensional Planck scale MD and on the 
radius R of the extra dimensions

nn MMDD ((TeVTeV)) R (mm)R (mm)

22 > 1.33> 1.33 < 2.7 E< 2.7 E--0101

33 > 1.09> 1.09 < 3.1 E< 3.1 E--0606

44 > 0.99> 0.99 < 9.9 E< 9.9 E--0909

55 > 0.92> 0.92 < 3.2 E< 3.2 E--1010

66 > 0.88> 0.88 < 3.1 E< 3.1 E--1111

MonojetMonojet events selectionsevents selectionsLimit on Large Extra DimensionsLimit on Large Extra Dimensions
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BackgroundBackground 80/8080/80

ZZ→→νννν + jet+ jet 3203 3203 ±± 137137

WW→→τντν + jet+ jet 2010 2010 ±± 6969

WW→→μνμν + jet+ jet 1570 1570 ±± 5454

WW→→eeνν + jet+ jet 824 824 ±± 2828

ZZ→→llll + jet+ jet 87 87 ±± 33

QCDQCD 708 708 ±± 146146

γγ + jet+ jet 209 209 ±± 4141

NonNon--collisioncollision 52 52 ±± 5252

PredictedPredicted 8663 8663 ±± 332332

ObservedObserved 84498449

MonojetMonojet events selectionsevents selectionsPerform a SM measurement too!Perform a SM measurement too!
The precision of the lowest kinematic The precision of the lowest kinematic 
region is ~3.8%region is ~3.8%

⇒⇒ can measure can measure NNνν, , ΓΓZZ(inv(inv)!)!

LEP: 2 types of measurementsLEP: 2 types of measurements
Indirect: Indirect: lineshapelineshape →→ really precisereally precise
Direct: Direct: γγ+Met topology+Met topology →→ less preciseless precise

Fewer theoretical assumptions in  Fewer theoretical assumptions in  
direct measurement.direct measurement.

TevatronTevatron: : 
Expect similar sensitivity to LEP Expect similar sensitivity to LEP 
directdirect
Even fewer theoretical inputsEven fewer theoretical inputs
Completely independent of LEP Completely independent of LEP 
measurementsmeasurements
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MonojetMonojet events selectionsevents selectionsInvisible width of the ZInvisible width of the Z00

Assuming the PDG value for ΓZ(ll), 83.984 ± 0.086 MeV:

ΓZ(inv) = 466 ± 14 ± 40 MeV

Comparing this value with 
SM expectation gives the 
number of light ν types:

Nν = 2.78 ± 0.08 ± 0.25

ExperimentExperiment ΓΓZZ(inv) (inv) MeVMeV NNνν

CDFCDF 466 466 ±± 4242 2.78 2.78 ±± 0.260.26

L3L3 498 498 ±± 1717 2.98 2.98 ±± 0.060.06

OPALOPAL 539 539 ±± 3131 2.69 2.69 ±± 0.170.17

ALEPHALEPH 450 450 ±± 4848 2.86 2.86 ±± 0.090.09

DELPHIDELPHI ------ 2.84 2.84 ±± 0.210.21

LEP comb.LEP comb. 503 503 ±± 1616 2.92 2.92 ±± 0.060.06

LEP indirectLEP indirect 499.0 499.0 ±± 1.51.5 2.984 2.984 ±± 0.0080.008
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MonojetMonojet events selectionsevents selectionsDijet+MetDijet+Met event selectionsevent selections
Two kinematic regions based on Met Two kinematic regions based on Met 
and Hand HTT ::

Met > 80 Met > 80 GeVGeV & H& HTT > 125 > 125 GeVGeV
Met > 100 Met > 100 GeVGeV & H& HTT > 225 > 225 GeVGeV

Two jets with ETwo jets with ETT > 30 > 30 GeVGeV
No 3rd jet with ENo 3rd jet with ETT > 15 > 15 GeVGeV
Orthogonal to the Orthogonal to the monojetmonojet data data 
samplesample

Use, for both regions, 2 fbUse, for both regions, 2 fb--22 of data of data 
collected from the MET45 triggerscollected from the MET45 triggers

Fully efficient for Met > 80 Fully efficient for Met > 80 GeVGeV

ET

HT

0

80

100

125 225

HT = ET(jet 1) + ET (jet 2)
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Highest HT = 518 GeV, Met = 134 GeV

Energetic Energetic Dijet+MetDijet+Met Events Events 
High HT

High Met

HT =  360 GeV, Highest Met =  368 GeV
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Results are consistent with SM both 
kinematic regions

Dijet+MetDijet+Met ResultsResults
BackgroundBackground 125/80125/80 225/100225/100
ZZ→νν→νν + jets+ jets 888 888 ±± 5454 86 86 ±± 1313
WW→τν→τν + jets+ jets 669 669 ±± 4242 50 50 ±± 88
WW→μν→μν + jets+ jets 399 399 ±± 2525 33 33 ±± 55
WW→→eeνν + jets+ jets 256 256 ±± 1616 14 14 ±± 22
ZZ→→ll + jetsll + jets 29 29 ±± 44 2 2 ±± 00
QCD QCD 49 49 ±± 3030 9 9 ±± 99
γγ + jets+ jets 75 75 ±± 1111 5 5 ±± 11
toptop 74 74 ±± 99 11 11 ±± 22
NonNon--collisioncollision 4 4 ±± 44 1 1 ±± 11
PredictedPredicted 2443 2443 ±± 145145 211 211 ±± 3030
ObservedObserved 25062506 186186
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MonojetMonojet events selectionsevents selectionsWhat would a signal look like?What would a signal look like?
Comparison of SM background predictions plus different Comparison of SM background predictions plus different 
BSM signals with BSM signals with Dijet+MetDijet+Met datadata

LeptoquarkLeptoquark signal (Msignal (MLQLQ = 180 = 180 GeVGeV))
MSSM signal (MSSM signal (MMsquarksquark = 250 = 250 GeVGeV, , MMgluinogluino = 450 = 450 GeVGeV))
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MonojetMonojet events selectionsevents selectionsLeptoquarkLeptoquark limitslimits

*Select, a priori, most 
sensitive sample for 

each mass point

Signal Upper limits (95% CL) for:
→ 80/125 = 359 events
→ 100/225 =   51 events

Limits on the mass of the Leptoquark

Lower Mass limits:
= 190 GeV/c2

Upper cross section 
limits:

= 0.31 pb
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MonojetMonojet events selectionsevents selections
Pick four previously notPick four previously not--ruledruled--
out mass points as a measure out mass points as a measure 
of result sensitivity of result sensitivity 

SUSY partner of rightSUSY partner of right--handed handed 
squarkssquarks typically yield typically yield dijetdijet + + 
Met final state, but other Met final state, but other 
SUSY signal can contributeSUSY signal can contribute

MSSM exclusion (I)MSSM exclusion (I)

PointPoint Squark MassSquark Mass Gluino MassGluino Mass

S1S1 320 GeV/c320 GeV/c22 390 GeV/c390 GeV/c22

S2S2 250 GeV/c250 GeV/c22 450 GeV/c450 GeV/c22

S3S3 220 GeV/c220 GeV/c22 520 GeV/c520 GeV/c22

S4S4 120 GeV/c120 GeV/c22 550 GeV/c550 GeV/c22
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MonojetMonojet events selectionsevents selections

RatioRatio give the scale factor by which the signal cross section must begive the scale factor by which the signal cross section must be
multiplied by, in order to barely exclude the parameter space pomultiplied by, in order to barely exclude the parameter space pointint

Cross section from LO Cross section from LO PythiaPythia
NLO calculation is more difficult in nonNLO calculation is more difficult in non--mSUGRAmSUGRA regionsregions

MSSM exclusion (II)MSSM exclusion (II)
SUSY spectrum A priori limit (pb) Observed limit (pb) PYTHIA LO (pb) Ratio

RH Squarks
S1 0.15 0.11 0.045 2.41
S2 0.26 0.19 0.28 0.68
S3 0.51 0.37 0.61 0.61
S4 86.1 100.5 18.0 5.57

Inclusive
S1 0.53 0.39 0.36 1.09
S2 0.90 0.65 1.73 0.38
S3 1.93 1.40 3.21 0.44
S4 78.5 91.6 57.4 1.60
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ConclusionConclusion
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We developed dataWe developed data--driven background calculations to driven background calculations to 
analyze lowanalyze low--multiplicity jet events with large Met with CDFmultiplicity jet events with large Met with CDF

Smaller Smaller systematicssystematics
Robust: potential mistakes could cancel outRobust: potential mistakes could cancel out
Possibly good for early LHC analysesPossibly good for early LHC analyses

No observed excess over SM expectations:No observed excess over SM expectations:
1 fb1 fb--11 of of monojetmonojet CDF data sampleCDF data sample

⇒⇒ Constrains LED modelsConstrains LED models

2 fb2 fb--11 of of Dijet+MetDijet+Met CDF data sampleCDF data sample
⇒⇒ Constrains Constrains LeptoquarkLeptoquark and MSSM modelsand MSSM models

I wander when
will we stop
training…

Good training for the LHC!!!
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