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The Status of CMS Starts with the LHC...

CMS Peak Luminosity Per Day, 2012, p-p, Vs =8 TeV CMS Total Integrated Luminosity, 2012, p-p, Vs =8 TeV

Data included from 2012-04-04 23:57:30 to 2012-09-10 04:03:27 UTC Data included from 2012-04-04 23:57:30 to 2012-09-10 04:03:27 UTC
‘ T T T T T T T ‘ T T

T ‘ T T T T T T T ‘ T T T T T T T [
F . -1 _
Max. inst. lumi.: 7.54 Halnb 1 6( I LHC Delivered: 14.69 fb™  Fff =92.8%

.| CMS Recorded: 13.63 fb™
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* Incredible performance of LHC in 2012:
— Instantaneous luminosity goal of 7E33/cm?s achieved in August

— LHC running stably and integrated luminosity steadily increasing
« Current average: 1/ftb per week
* Nine more weeks in 2012-13 p-p run = ~22/tb in total 8 TeV data sample
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LHC Performance Poses Challenges
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CMS Preliminary

——— 2011 data, s=7TeV, L=5.1 fb"'

2012 data, Vs=8TeV, L=5.1 fb™
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Number of pileup events §

* High instantaneous luminosity = increased pileup

« Example: ~16 primary vertices
— Complicated environment — but actually quite common
— Observed events with up to 78 reconstructed vertices
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The Cumulative CMS Data Sample and Top

CMS Total Integrated Luminosity, p-p Experiment, Era Ttbar
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—— 2011, (s=T7TeV
—  2012,Vs=8TeV CDF, DO 71k
(1.96 TeV, 10/fb)

CMS, ATLAS 825k
(7 TeV, 5/fb)

CMS, ATLAS 1.2M
(8 TeV, 5/fb)
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Large LHC data samples
= large samples for top-
quark studies.

|

Time in year
Complementarity of
LHC and Tevatron

programs
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The CMS Detector

inti MUON ENDCAPS
ECAL HCAL Scintillator/brass _
76k scintillating Interleaved ~7k ch 473 Cathode Strip Chambers (CSC)

PbWO. crvstals 432 Resistive Plate Chambers (RPC)
il 3.8T Solenoid

Preshower
Si Strips
~16 m?

~137k ch

Pixel

Tracker ]
ECAL Pixels & Tracker
* Pixels (100x150 um?)

HCAL ~1 m2 ~66M ch
Muons *Si Strips (80-180 um) +oward Cal
Sol id il ~200 m?2 ~9.6M ch Steel + quartz

olenold col MUON BARREL Fibers ~2k ch

: 250 Drrift Tubes (DT) and
| weigh

Overall dometer o 480 Resistive Plate Chambers (RPC)

Overalllength 28.7m Christopher Neu



Particle Detection and Subsystems
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Key:

Muon
Electron
Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

‘ Electromagnetic
)3! n Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed

Transverse slice with Muon chambers

through CMS

Detecting the top-quark signature

utilizes nearly every CMS subsystem
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Charged Particle Tracking

CMS preliminary (simulation)
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e Pixels: 1.1 m? total area,
— 66M channels, 97% working
— Sensor size: 100 um x ~ 150 um

CMS preliminary (simulation)

Ill.l.-lll-.-..-.-

—

tirrfrestelerece.., ..
A“AA
el

A

Efficiency

gATim
.o,

— Hit resolution: T " Pions
11.2 um (trans.), 26.8 um (long.) o '
;A- s =, transition region

 Strips: 198 m? total area afe L Zendeapregion

* 1, barrel region

— 9.6M channels, 97.5% working
— Strip pitch: 85-205 um
— Hit resolution: 16 - 40 um
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Charged Particle Tracking
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Primary Vertex Efficiency
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* Pixels: 1.1 m? total area, Number of Tracks

CMS preliminary 2010 \s=7TeV

— 66M channels, 97% working £ 300prrr T,

« Data o Simulation 0 <p  <0.6
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- ECAL: ~76k PbWO,

ECAL

CMS 2012 Preliminary, {s= 8 TeV, L= 2.4 fb”'

25001 EcAL Barrel 75
ee

invariant
mass
distribution

—_
N
(&)
-~
>
O
o
0
o
N
~
2}
-—
c
(]
>
Ll

i ' 90 100 110
(8]
2.8% . 0. o 020 Mee [ GeV/c? ]

- VE(GeV) Y EGev) ¢

[ T T T T 1
) Mean 1
i ‘ RMS 0.0019

crystals ~26X,, deep

— Barrel: Inl <1.479

— Endcap: 1.479< In1 <3.0

Preshower: 20cm AL Barel: Prompt Hecg: oo
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Mostly brass/scintillator
hermetic sampling
calorimeter

Jet energy resolution:

dE/E ~ 120%/NE + 6.9%

Jet angular resolution:

20 mrad in ¢, 30 mrad in ©

Mean response for pT>5 GeV tracks:
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Muon pT resolution for combined measurement
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Particle Detection and Subsystems
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Trigger Overview

Two-level trigger system

DAQ links
FED Builders

Readout oOs~
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The L1 Trigger

HCAL ECAL

! ! |
 L1:40Mhz = 100kHz [;:,gJ [HTigL] [E;;,gt]

CSC

| |

DT CSC
LOCAL LOCAL

— implemented in dedicated N >y
Regional Pattern DT csC
hardware CaloTrigger Comparator | | TrackFinder [TrackFinder]
- ~ o
— inputs from calorimetry Negoner] ““M““W_A\A
and muon systems Caotgger MuorTgger

— deadtime "’3% 4 iso-elY, 4 ely, 4+4 jet, 4T
ET. BT, HT. M1
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L1 Jet triggers
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High-Level Trigger

Implemented in dedicated
processing farm

— 13k CPUs, 20k event-processors
(hyperthreading)

Data from all detectors availabl

Trigger object similar to oftline
object used in analysis

100kHz input 160ms to run 400

algs (compare to 3s/evt in offline reco)

CMS Preliminary 2012

Run 195163 time/event

limit with - 100kHZz
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Triggers for Top-Quark Physics

Take advantage of all objects in top quark signature to
maximize acceptance: leptons, jets, MET

L1 Triggers: Single/Double p, e/y, Quad Jet

HLT Triggers:

— Single e, u

— Double lepton

— e/u/t +jets (+MET) (Different numbers of jets)

— Multijet triggers (4-6 jets)
As luminosity increases, make adjustments to control
rates:

— Increase thresholds

— Improve ID/iso

— Combine more objects
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Handling all the Data

* Tier O: Tiered structure:

e Tier1:

e Tier2:

» Tier 3: user analysis

— Prompt reco,
calibrations, copy @%@ @g@ @g@
of RAW and first -
RECO data

— Distribute RECO/
AQD, re-reco,
gen/storage of
SIM

— Simulation, user
data access/
analysis
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Processing the Data

CPU Time in QCD events

D
(@)

O Baseline
O Fall 11

ical pile-up in 2010

w
(@)

——— Typical pile-up in 2011

ypical pile-up in 2012

Time per event (a.u.)
- )
o o

o

0 7.5 15 225 30
Number of PU interactions

g_ 15
: @ CMSSW 44x
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Big increase in pileup " High Pl Upr
necessitates streamlining

o i CMSSW 52x
of algorithms | Spring 2012

60 100
reconstruction CPU time (a.u.)
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Processing the Simulated Samples

MC Production Speed

Rate of production in M/month for Summer12 in GEN-SIM

p Gen-Sim is primarily
done at Tier-2s

p Reaching close to 500M
events a month

Rate of production in M/month for Summer12 in AODSIM
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p Digi-Reco is mostly Tier-Is

p More than IB events a
month

p A more challenging IO and
reco problem with extra

pile-up
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Data Certification

Manual Certification
: - PVT SIGNOFF

runs list release
VT SIGNOFF

5 days

Quality Flags
Jn 1ih to few k'
y Manual
Quality Bits
JSON release:

In case of
~fewh

Automated Certification

Corrections
— 7 | root file

CMS preliminary 2012
Integrated luminosity

All runs until 19 Jun 2012

Delivered: 6.57 fb™'
Recorded: 6.11 fb™
Golden: 5.19 fb™
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* Data certification strategy
allows rapid incorporation
of new data in analyses —
as little as one week!
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Summary and Outlook

CMS iS matChing the Showall Total QCD Physics Exotica Searches Supersymmetry B Physics

Electroweak Top Physics Heavy lon  Higgs Standard Model

excellent performance of 165 papers publishd
the LHC

Detector subsystems fully
operational and at/better
than design performance
Trigger coping with
demands of high pileup
Computing model

SucceSSfully keeping up Ja?\ZOIO Apr2010 Jul 2010 Oct2010 J;;ZOII A;rzon Jul 2011 Oct2011 Jan2012 Apr2012 .1.;;2012

with data and simulation
demands Collected data sample allows

study of the fundamental world at
an unprecedented level.
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