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CDFOutlineOutline

•• IntroductionIntroduction
•• Tevatron Tevatron andand CDFCDF performancesperformances
•• Exotic physicsExotic physics at CDFat CDF

��Higgs in the SM and notHiggs in the SM and not
��Supersymmetry Supersymmetry 

•• Conclusions and future prospectsConclusions and future prospects
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CDFThe The TevatronTevatron: Run II: Run II
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DeliveredDelivered
To TapeTo Tape

Store Number

CDF Run I

200 200 pbpb--11

72 72 pbpb--11

•• TEVATRONTEVATRON performance        
very good : �del ~ 400 pb-1

•ECM = 1.96 TeV
• CDFCDF:

� data taking efficiency 
~ 90%
�on tape� ~350~350 pbpb−−¹¹

• PhysicsPhysics Analyses:
�34 and 240 pb-1 taken      
Mar 2002 - Sep 2003

�δ� ~ 6% (from σinel)
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CDFThe detector CDFThe detector CDF--II II 

��Silicon Tracking Detectors (|Silicon Tracking Detectors (|ηηηηηηηη| < 2.0)| < 2.0)
��Central Drift Chambers (|Central Drift Chambers (|ηηηηηηηη| < 1.0)| < 1.0)

��Central EM and Central EM and HAD CalorimetersHAD Calorimeters

Retained From Run IRetained From Run I ::
��Solenoid CoilSolenoid Coil
��CentralCentral Muon Muon SystemsSystems

New for Run IINew for Run II ::

��“Plug” EM“Plug” EM and HAD and HAD 
calorimeters (1 < |calorimeters (1 < |ηηηηηηηη| < 3.6)| < 3.6)

��Forward Forward Muon Muon Systems Systems 
(|(|ηηηηηηηη| < 1.5, filled gaps)| < 1.5, filled gaps)
�� TimeTime--OfOf--Flight systemFlight system
�� FrontFront--end electronics (132 ns)end electronics (132 ns)
�� Trigger System (pipelined)Trigger System (pipelined)
�� DAQ systemDAQ system

))2log(tan(θη −=

polar angle θ
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CDFThe detector CDFThe detector CDF--IIII
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CDF

In these analysesIn these analyses ��������
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How we reconstruct particlesHow we reconstruct particles
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CDFThe Standard Model of Particle PhysicsThe Standard Model of Particle Physics

•• 3 generations of quarks and leptons 3 generations of quarks and leptons 
interact via exchange of gauge bosons:interact via exchange of gauge bosons:
�� ElectroweakElectroweak SU(2)SU(2)xUxU(1): W, Z, (1): W, Z, ��
�� Strong SU(3):                    gStrong SU(3):                    g

•• Symmetry breaking caused by Higgs Symmetry breaking caused by Higgs 
fieldfield
�� Generates Goldstone bosonsGenerates Goldstone bosons
�� Longitudinal degrees of freedom for W Longitudinal degrees of freedom for W 

and Zand Z
�� 3 massive and one 3 massive and one masslessmassless gauge bosonsgauge bosons

•• Standard Model survived all Standard Model survived all 
experimental challenges in past 30 experimental challenges in past 30 
years!years!
�� electroweakelectroweak and QCD precision dataand QCD precision data
�� No New Physics despite many efforts!No New Physics despite many efforts!

ElectroweakElectroweak91.18791.187ZZ00

StrongStrong00Gluons (g)Gluons (g)

ElectroweakElectroweak80.45080.450WW±±

ElectroweakElectroweak00Photon (Photon (��))

ForceForceMass (GeV/cMass (GeV/c22))ParticleParticle
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CDFWhy not the Standard Model?Why not the Standard Model?

•• RadiativeRadiative corrections to Higgs mass:corrections to Higgs mass:
electroweakelectroweak scale (100 scale (100 GeVGeV) much ) much 
much lower than Planck Scale (10much lower than Planck Scale (101919

GeVGeV): ): “hierarchy” or “naturalness” “hierarchy” or “naturalness” 
problemproblem

•• No No unification of forcesunification of forces at any scale at any scale 
•• Higgs bosonHiggs boson not yet found: is it not yet found: is it 

there?there?
•• No explanation for No explanation for matter/ antimatter/ anti--matter matter 

asymmetryasymmetry in universe in universe 
•• No accounting for No accounting for dark matterdark matter in in 

universeuniverse
•• Many free parametersMany free parameters, e.g. masses of , e.g. masses of 

all particles: unsatisfactoryall particles: unsatisfactory
��������	
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CDF

•• SupersymmetrySupersymmetry (SUSY):(SUSY):
��Each SM particle has a “super”Each SM particle has a “super”--partner partner 

with same quantum numbers apart from with same quantum numbers apart from 
spin (top spin (top �� stop, photon stop, photon �� photinophotino, etc.), etc.)

��Masses are O(1 Masses are O(1 TeVTeV))
��Unification of forces at GUT scale (10Unification of forces at GUT scale (101616

GeVGeV))
��Hierarchy problem solvedHierarchy problem solved

•• Extra DimensionsExtra Dimensions
��String theory: links gravity to other forcesString theory: links gravity to other forces
��Could be large (0.1mm): probed at Could be large (0.1mm): probed at TeVTeV

scalescale
��Hierarchy problem solvedHierarchy problem solved

•• The unexpected…The unexpected…

What could be Beyond the SM?

MPlanckM*1/R(1 mm)–1

1 TeV
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3-2-1

LED

Conventional Gravity
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CDFSupersymmetrySupersymmetry IntroIntro
SM SM FermionsFermions Boson Boson SuperpartnersSuperpartners
SM SM Bosons Bosons FermionFermion SuperpartnersSuperpartners

�� Physical SUSY Physical SUSY sparticlessparticles: : neutralinosneutralinos (Higgs, Photon, Z partners), (Higgs, Photon, Z partners), charginos  charginos  
(Higgs, W partners), (Higgs, W partners), squarks  squarks  (quark partners), (quark partners), sleptons  sleptons  (lepton partners) (lepton partners) 

Different SUSY models:Different SUSY models:
�� SupergravitySupergravity:: SUSY broken near SUSY broken near GUT scaleGUT scale

�� GUT scale parameters: scalar massGUT scale parameters: scalar mass mm00 , , gauginogaugino mass mass mm1/21/2 , ratio of Higgs v.e., ratio of Higgs v.e.v’s  v’s  
tantan��, Higgs mixing parameter , Higgs mixing parameter ��

�� LSP is LSP is neutralinoneutralino ��00 or or sneutrinosneutrino ��
�� GaugeGauge--mediated models (GMSB):mediated models (GMSB): SUSY broken at lower energies SUSY broken at lower energies –– breaking scale F breaking scale F 

an important parameter.an important parameter.
�� GravitinoGravitino G is the LSP (NLSP G is the LSP (NLSP ��00 ��GG�� ))

�� If “RIf “R--Parity” conserved:Parity” conserved:
�� SUSY particles can only be pairSUSY particles can only be pair--producedproduced
�� Lightest SUSY Particle (LSP) stable and escapes detectionLightest SUSY Particle (LSP) stable and escapes detection��carries away missing Ecarries away missing ETT

0
1

~χ

~

~ 
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CDFSearches for New Physics: CDF StrategySearches for New Physics: CDF Strategy

1.1. Establish good understanding of data in Establish good understanding of data in 
EWK/QCD physics in Run 2:EWK/QCD physics in Run 2:
�� Backgrounds to new physics searchesBackgrounds to new physics searches
�� Indirect sensitivity to New PhysicsIndirect sensitivity to New Physics
�� Gain understanding of detectorGain understanding of detector

2.2. Search for as many signatures as Search for as many signatures as 
possible, involving:possible, involving:

•• High Pt leptonsHigh Pt leptons
•• Large imbalance in transverse momentum Large imbalance in transverse momentum 

(e.g. due to neutrino or (e.g. due to neutrino or neutralinoneutralino))
•• High Et jets High Et jets 
•• High Et photonsHigh Et photons
•• Rare decays of charmRare decays of charm-- and bottomand bottom--mesonsmesons

1.1. Interpret:Interpret:
•• Provide cross section limits and acceptances Provide cross section limits and acceptances 
(try to be as generic/model(try to be as generic/model--independent as possible)independent as possible)
�� applicable to future models!applicable to future models!
•• In context of specific models of physics beyond the SMIn context of specific models of physics beyond the SM

Higgs

?WW, W�, Z�,

Cross Sections (fb)
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CDFSearches for SM HiggsSearches for SM Higgs
��

Selection:Selection:
�� 1 high pt central (e or 1 high pt central (e or µµ), MET>20 ), MET>20 

GeVGeV
�� 2 jets (2 jets (>=>=1 b1 b--jet)jet)
�� veto 2veto 2ndnd ��/track(suppress/track(suppress ttbarttbar), Z ), Z 

mass windows, mass windows, cosmicscosmics

bblWHpp  ν→→

CDF Run II preliminary (162 pb-1)

Backgrounds:Backgrounds:
�� MistagsMistags
�� WbbWbb,, WccWcc,, WcWc
�� QCDQCD
�� t tt t, single t,, single t, didi--boson, Z(boson, Z(→→ττττ))-

No observation�

0.19 pb

M(H) = 115 GeV/c2
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CDF

�������� Improved Run I resultImproved Run I result
�������� LimitedLimited StatisticsStatistics
Future improvementFuture improvement ::
�� Include plug electronsInclude plug electrons
�� Improvement jet Improvement jet 

energy resolutionenergy resolution
��Study ISR/FSR more Study ISR/FSR more 

detaildetail
�� Improve bImprove b--taggingtagging
��Combine with other Combine with other 

channels channels 
( ( ))

bbZH νν→

CDF Run II preliminary (162 pb-1)

SM Higgs: resultsSM Higgs: results

bbZH νν→

�We set limits 
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CDF

Event Selection (L~ 240 pb-1):

•• 1 pair of  LS ee, or 1 pair of  LS ee, or µµµµ, or , or eeµµ in mass window in mass window 
of of ±±10%*M(H10%*M(H++++) (~3) (~3σσ detector resolution)detector resolution)

•• Veto  Z events, Veto  Z events, cosmicscosmics(for (for muonsmuons))

Searches for HSearches for H++/++/-- --

Motivation:Motivation:
•• LeftLeft--Right(LR) symmetric modelsRight(LR) symmetric models
•• Susy Susy LR models: low mass (~100 GeVLR models: low mass (~100 GeV����1 1 TeVTeV))
�� Supposed to decay to LikeSupposed to decay to Like--Sign Sign didi--leptonsleptons

Backgrounds:Backgrounds:

•• QCDQCD
•• cosmicscosmics(for (for muonsmuons))
•• Z/Z/γγ →→����, , W W jjjj→→��ν ν jjjj
•• didi--boson (WZ)boson (WZ) eeµµ

µµµµ

eeee

# predicted # predicted 
EvtsEvts

Decay Decay 
ChannelsChannels

8.0
6.08.1 +

−
6.0
5.08.0 +

−
4.0
4.09.0 +

−

m(m(����)/)/GeVcGeVc--22 > 80(100)> 80(100)

Data : observe 0 event 
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CDF

Result: 95% C.L. upper limit on Result: 95% C.L. upper limit on 
��cross section x BR for pair production cross section x BR for pair production 
(pp(pp��HH++++ HH----����++ ��++ ��-- ��--))
��M(HM(H++++) > 130 ) > 130 GeVGeV

Searches for HSearches for H++ ++ : results: results
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CDF
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CDFGMSB Search in GMSB Search in γγγγ+                        +                        
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CDF

0
1

~~~ χmmm
bg >>

)~)(~()
~

)(
~

(~~ 0
1

0
111 χχ bbbbbbbbgg →→

SbottomsSbottoms from from GluinoGluino decaysdecays
• Gluino pair production cross section large !

Background:
� bb QCD  
� t t,  W/Z+jets

_
_

CDF

ET/

��*���*���*���*�38.4 pb-1

����Very distinctive signature: 4 b-jets,

Reduced with 
secondary vertex 
tagging algorithm

Events selection:
� > 50 GeV  
� 1-2 btag(s)

ET/

if
100%
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CDFSbottomsSbottoms from from GluinoGluino decaysdecays

4.44.4±±0.90.90.50.5±±0.10.111Double Double 

10.610.6±±1.71.75.65.6±±1.41.444SingleSingle

Expected Expected 
SignalSignal

Expected Expected 
BackgroundBackground

ObservedObservedbb--tagtag Assuming 
GeVmg 220~ =

GeVm 600
1

~ =χ

GeVm
b

160
1

~ =

CDF

Future :Future :

��Soften the selection criteria Soften the selection criteria 
(understand QCD  (understand QCD  backgorundbackgorund) ) 
�� larger efficiencylarger efficiency

��To be updated with full To be updated with full 
luminosity !luminosity !



Giulia Manca, Exotic Workshop 2004, Durham(UK),April 2004

CDF
+

W
−−t

−

Z

b

s

µ

µ
W

+
+

W

W −−t υ l

b

s

µ

µ

+

−

W +

CDF

−−t υ l

b

s

H µ

µ

+
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+
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0h,A,H

µ

µ

+

0

Rare Decays: BRare Decays: Bs s →→→→→→→→ ��++��--

Wµµµµ−−−−

µµµµ++++

New Physics can enhance New Physics can enhance 
branching ratios of Bbranching ratios of B--mesons:mesons:
�� Measure BR in decay modes Measure BR in decay modes 

suppressed in SMsuppressed in SM
e.g. Be.g. Bss������::
�� BBss = bound state of b and s = bound state of b and s 
�� SM:     BR(SM:     BR(BBss������)~10)~10--99

�� SUSY: BR may be A LOT  higher SUSY: BR may be A LOT  higher 
(~tan(~tan66�� ?) ?) 

Blind analysis with a priori Blind analysis with a priori 
optimisationoptimisation::

&��'	 �%�%�& ( & )

��1 event observed, ~1 1 event observed, ~1 ±± 0.3 expected0.3 expected

90% CL limits: 90% CL limits: 
��BR(BR(BBss������)<5.8 X 10)<5.8 X 10--77

��BR(BR(BBdd������)<1.5 X 10)<1.5 X 10--77
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CDFRare Decays: BRare Decays: Bs s →→→→→→→→ ��++��--

−−t υ l
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s

H µ

µ

+

−W

++

CDF

0
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W

−−t
−

H
b

s

0h,A,H

µ

µ

+

0b

s

b

s

&��'	 �%�%�& ( & )

This is the right one! 
�Proportional to tan2β

�Proportional to tanβ

�Proportional to tan3β

�Only proportional to tan2β-not very interesting !
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CDFSUSY Sensitivity: BSUSY Sensitivity: Bs s →→→→→→→→ ����
90%CL limit: BR(Bs���)<5.8x10-7

**mSugramSugra at high tanat high tan��
(A.(A. DedesDedes et al.:et al.: hephep/ph/ph--0108037):0108037):

��Just about scratching the corner of Just about scratching the corner of 
parameter spaceparameter space

��In direct competition withIn direct competition with higgshiggs and and 
(g(g--2)2)��

**SO(10) GUT model  SO(10) GUT model  (R. (R. DermisekDermisek et al.: hep/phet al.: hep/ph--0304101)0304101) : : 
�� accounts for dark matter and massive neutrinos accounts for dark matter and massive neutrinos 
�� largely ruled out by new resultlargely ruled out by new result

�Black: BR(BBs s →→ ����))

**Red: Mass of the lightest HiggsRed: Mass of the lightest Higgs

**Green: Green: δδaa��/10/10--1010
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CDFCHargedCHarged Massive Massive ParticleSParticleS
• Motivations:

•Champs predicted in different 
models (LQ,GMSB SUSY,..) 
����distinctive signature: 

••Isolated slowIsolated slow--moving high Pmoving high PTT particleparticle
••LLarge arge dEdE//dxdx, long time, long time--ofof--flight, flight, 
escapes from detectorescapes from detector

Events selection:
••High PHigh PTT muonsmuons (>18(>18 GeVGeV/c)  /c)  5353 pbpb--11

••Tracks with PTracks with PTT>40>40 GeVGeV /c (full tracking efficiency)/c (full tracking efficiency)
••TOFTOFtracktrack--tt0 0 > 2.5 ns> 2.5 ns

Background:
••Cosmic RaysCosmic Rays ( Removed ( Removed ∆∆ t>2.5 ns) t>2.5 ns) 
••tt00 anomalous early anomalous early 

_
_

∆∆∆∆t resolution form tight  Z sample

TOFtrack – t0  (t0 fitted with all TOF tracks)

Search performed independently from the model
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CDFCHAMPS: existing limits(SCHAMPS: existing limits(Susyusy))
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CDFCHargedCHarged MassiveMassive ParticleSParticleS
Interpreted for stop particlesInterpreted for stop particles

GMSB models, NLSP stable particleGMSB models, NLSP stable particle
Signal region:Signal region:

∆∆t > 2.5 ns, track Pt > 2.5 ns, track Ptt>40 >40 GeVGeV/c/c
SystematicsSystematics

Background prediction WBackground prediction W--tight and top tight and top 
multijetmultijet samples (high # tracks)samples (high # tracks)

�Exclusion Limits

-Mstop> 108 GeV/c2 at 95 % C.L.

-LEP  Mstop> 95 GeV/c2

Predicted: 2.9 ±±±±0.7 (stat) ±±±±3.1 (sys)

Observed:    7
�Check this value
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CDFTau Tau identificationidentification
-- narrownarrow cluster in central calorimetercluster in central calorimeter
--search for matching highsearch for matching high--Pt trackPt track
--define 2 cones 10define 2 cones 10oo and 30and 30o o around the trackaround the track
--let more tracks to enter in the inner conelet more tracks to enter in the inner cone
++--discard event if there are tracks between the discard event if there are tracks between the 

2 cones2 cones
--reconstruct the cluster in thereconstruct the cluster in the ShowerMaxShowerMax and and 

create a create a ππ00

--select events with mass(select events with mass(ππ00 ,tracks) < M(,tracks) < M(tautau))

--check  E(cal) = sum(P)(tracks+ check  E(cal) = sum(P)(tracks+ ππ00))
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CDFTau Tau event candidateevent candidate
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CDFWW→→→→→→→→ττττττττννννννννττττττττ and Z and Z →→→→→→→→ ττττττττ++ττττττττ��−− SignalsSignals
•• Tau Tau selection :selection :

�� ||ηη| < 1.0 | < 1.0 
�� EET  T  > 25 > 25 GeVGeV

Z Z →→→→→→→→ ττττττττ++ττττττττ��−− : first look !: first look !

M(e+M(e+ττττττττ+E+ETT) () (GeVGeV))WW→→→→→→→→ττττττττννννννννττττττττ :  :  23452345 in ~7272 pbpb--11

Background ~ 26 26 % % (dominated QCD)

σσσσσσσσ··BR(WBR(W→→→→→→→→ττττττττνννννννν) = 2.62 ) = 2.62 ±±±±±±±± 0.070.07stat stat ±±±±±±±± 0.210.21syssys±±±±±±±±0.160.16lumlumnbnb

Giulia Manca, Moriond(EWK), 21-8 March 2004

�� Benchmark towards Benchmark towards 
exotic analyses including exotic analyses including 
tau tau signal (e.g. Higgs, signal (e.g. Higgs, 
Susy Susy @ high @ high tantanβ β β β β β β β 
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CDFConclusions and OutlookConclusions and Outlook

•• Physics at CDF is back:Physics at CDF is back:
�� Have twice the Run I luminosity and excellent detectorHave twice the Run I luminosity and excellent detector

•• Searches for New Physics have started:Searches for New Physics have started:
�� Expect new physics at the Expect new physics at the TeVTeV scale (hierarchy problem)scale (hierarchy problem)
�� Z’, Large extra dimensions, Z’, Large extra dimensions, LeptoquarksLeptoquarks (Tracey’s talk ),(Tracey’s talk ),

SUSY, HiggsSUSY, Higgs
�� Cover broad range of possible signals Cover broad range of possible signals 
�� no signals yet but constraining theoretical modelsno signals yet but constraining theoretical models

•• Work in progress :Work in progress :
�� TriTri--lepton signature (e, lepton signature (e, mu mu and and taustaus) ) 
�� GluinoGluino//squark squark productionproduction

��
+�, �- �$.����
��!�	���	���� �
��	��
/�

Results expected by the summer !


