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Warmup- the big picture...

• Some Findings using 

Accelerators

– “Proton = 3 quarks”

– “There are >3 quarks”

– “We understand massive 

force carriers”

– “Antiparticles not just 

Particles in mirror”

• Accelerators are useful
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The Large Hadron Collider

`

(Lead Ions 

2.76  5.5 

TeV/nucleon)

Proton - Proton Collisions

Initially: 106 events/s, 7 TeV

Eventually: 109 events/s, 14 TeV
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A BIG Step

• LHC is the most important feature of 
the High Energy Physics landscape
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• A Guarantee: WITHIN LHC REACH.

Hot topics: Where does Mass come from?

“Higgs Mechanism” = Economical way to have 

consistent theory with non-zero particle mass

 New Particle between 114 and 1000 GeV
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• A Possibility: WITHIN LHC REACH?

Hot topics: Where is the rest of the Mass?

Dark Matter

Next new particle ?=?  Dark Matter

And unify the strong and electroweak forces

And cure further theoretical ailments 

And …(save the economy?)
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Hot Topics: Is this all there is?

• A surprise?    (I hope!)

• Additional generations?

• Additional force carriers?

• Substructure?

• Fermions  Bosons
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The needle in the haystack

Need to step through the Standard Model to get to the „New Stuff‟
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The detector
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CMS in a nutshell
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CMS Particle Detection Cribsheet
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CMS Tracking Detector

• All Silicon Tracker!  220 m2 of Silicon!

– Like a swimming pool covered in Silicon Wafers

3D Pixels: 66 Mpix

3 barrel, 2x2 disks 

2D Strips: 10 Mchan

4 Inner, 6 Outer, barrel 

2x 9 Endcap disks
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Some assembly required
• On-board signal 

processing ASIC

– Buffer high data rate

• Hybrid substrate 

– handle wafer i/o

• Carbon fiber frame

– Integrated cooling

– Fan in/out electronics
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Tracker Evolution in Pictures

S Nahn

ISL of CDF

CMS TOB support

June 2005

Aug 2006

Oct 2006

Dec 2006

Feb 2007

March 21 2007

Tracker Done

TIF Cosmics

TK Packing

August 07

TK Delivery

Dec 07
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Stepping Stone: Bump in the road

1st Acquisition:Header         Data

2nd Acquisition position

Strip

O
cc

u
p

a
n

cy

0.3• High Rate Testing
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Electromagnetic Calorimeter

• 75 k PbW04 crystals, 2 x 2 x 23 cm, 3 lbs (1.4 kg)!

61200 
14648 
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Hadron Calorimeter

• Brass – Scintillator

Sandwiches

– WLS fibers read 

into Photodiodes
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CMS Hadron Calorimeter
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• Brass recycled from Russian Cold War weaponry



Muon Chambers

Cathode Strip Chambers

Drift Tubes
Resistive Plate Chambers• Immersed in 

Return Yoke

• 25000 m2 of 

detection 

planes

• ~ 44 space 

points, expect 

100 m 

resolution

• Fast RPC 

trigger
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Just for scale…
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All buttoned up
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Another Stepping Stone…

• The accelerator has to work…
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The 2010 run
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After 2008 “trip”, walk before you run

• Cautious approach to increasing stored energy

– 2011: 20-100 more

– 2012  Double again?

• “Grain of salt” definitely applies
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Rediscovering the Standard Model

• Known physics to benchmarks our performance

“Di-lepton” masses produce known particles

electrons                                  muons
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Stepping Stone: Electroweak Physics
• First step in discovery is measuring a benchmark

Inclusive Z and W cross sections in leptonic channels

– New Energy point for SM measurement

– Understanding of Electrons, Muons, Missing Energy

– Future New Physics signatures or backgrounds
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Canonical Cross Section Measurement
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Branching Ratios: From SM 

# Signal Events: Lepton Selection to reduce 

background, then fit for signal extraction

Acceptance: How much cross section measureable in 

CMS detector, from NLO simulation

Efficiency: Use NLO MC corrected by data driven 

scale factors via Z bosons “Tag and Probe”

Integrated Luminosity from dedicated measurement



Leptons from W/Zs
• Lepton ID crucial for all measurements

– Single Lepton triggers – lowest unprescaled threshold

• 5-8 GeV e, 9-15 GeV 

• Well identified pT > 20 GeV isolated lepton

– Compatible signals in all detectors

• : track quality, TK+MU match

• e: cluster shape, TK+ECAL match

– Not QCD: Combined Isolation

– Specific Background rejection

• : d0 cut for cosmics

• e: conversion veto  
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Bootstrapping from Z
• Lepton Efficiency via “Tag and Probe”

– “Tag” passes cuts, |mTagProbe-mZ| < 30 GeV

– Fit peak, count Probe failing/passing sample

• Lepton  Energy scales via fit to Z mass peak

– Calibrate vs.  via likelihood fits for scale, resolution
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Missing Energy (MET) measurement

• Basis of W signal extraction due to neutrino

• Uses Z recoil method

– Z ; reconstruct                         

– Derive scale factors, apply event-by-event
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W Signal Extraction

• Fit in MET

– e: Analytic QCD 

shape

136328 ± 386 ev.

– : QCD from 

corrected non-

isolation  region

114110 ± 384 ev.
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Z signal extraction

• No Background! 

can cut and count 

or fit for yield and 

efficiency

– e: 8406 ± 92 ev.

– : fit for  and 5 

efficiencies, no 

yield number
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Other ingredients
• Luminosity: 36 pb-1

– independent measurement, known to 4%

• Acceptance: We ~0.49,  ~0.46, Zee ~0.39,  ~ 0.40

– Calculated at NNLO (FEWZ) with MSTW PDFs

• systematics: PDF variation, FSR, resummation, scale  variation, EWK corr.

• Systematics
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Source We W Zee Z

Lepton ID/Reconstruction 1.3 0.9 1.8 ---

Trigger pre-firing --- 0.5 --- 0.5

Momentum scale/resolution 0.5 0.22 0.12 0.35

MET scale/resolution 0.3 0.2 --- ---

Background subtraction/modeling 0.35 0.4 0.14 0.28

Experimental 1.5 1.1 1.8 0.7

Theoretical 0.9 1.1 1.7 2.0

Total 1.7 1.6 2.5 2.1



Z vs. W

Theory

+Systematics

+Luminosity
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W+ vs W-

• Efficiencies, acceptance, 

yields, systematics all 

determined independently

– Sensitive to PDFs

April 4th, 2011 36Toronto HEP Seminar

W +

W - W +/W -



Experiment vs. Theory

• Inclusive cross sections on the money

– Confident in understanding of leptons and MET

– Starts to constrain theory…

– Can move in many directions from here…
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EWK as seen by CMS, Moriond 2011
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Look at differential distributions

• Lepton Charge 

Asymmetry vs 

– Enhanced sensitivity to 

sea quark PDFs 

• Charge misid crucial

– e: < 0.5%

– : < 10-4
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If one boson is good, two are better…

based on 13 events ion cut based analysis, 36 pb-1
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in terms of Higgs hunt
• 95% CL for mH = 160

– expected: 3SM

– observed 2.1SM

– 4th Gen. Model SM Higgs:

mH [144,207]

• Conservative projections:

exclusion                                       discovery
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Taus decay to leptons too

• Bootstrapping tau id on knowledge of leptons

• Many of the same techniques apply

– Close up new territory in SUSY space
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but…

at least 7 vertices in here…maybe some more stones…
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Well, we shall see…

• LHC is a fertile field to find something new

– And hopefully unexpected! 

• The complex experiments are harvesting the data 

– 2010  rediscovered the Standard Model

• we‟re confident we could confidently have something to say

– Scratching the surface of new physics – off to the races! 

• Just need to turn up the Luminosity

– and cope with the consequences

stay tuned
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