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CMS Timeline

September 2008 July 2009 December 2009

First beam splashes in Repairs in the LHC

First 900 GeV and 2.4

CMS finished TeV collisions

2008 September 2008 November 2009

Cosmic data Magnets incident, set C;MS S€Es two
taking with 3.8 T field  back the LHC for a year circulating beams

March 2010

First 7 TeV collisions

.. e "\_\\\ -
= vT Y
o \ /,’ ‘/
‘ \ ///'

\\ //

\. ¥
] ,/ d i
4
Francisco Yumiceva CMS Performance pg. 3



Data Collected so far
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Data Collected so far

B Cosmic ray data 600M events

O 23 publications on detector performance (Journal of
Instrumentation)
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Data Collected so far

CMS 2008
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Data Collected so far

B Cosmic ray data 600M events

O 23 publications on detector performance (Journal of
Instrumentation)
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Data Collected so far

B Cosmic ray data 600M events

O 23 publications on detector performance (Journal of
Instrumentation)

B 900 GeV Collisions (Nov 2009) 300k events

O First physics paper and lots of calibrations

Francisco Yumiceva CMS Performance pg. 4



Data Collected so far

B Cosmic ray data 600M events

O 23 publications on detector performance (Journal of
Instrumentation)

B 900 GeV Collisions (Nov 2009) 300k events
O First physics paper and lots of calibrations

B 2.36TeV Collisions (Dec 2009) 20k events

O First glimpse of high energy events, and further
understanding of detector
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Data Collected so far

B Cosmic ray data 600M events

O 23 publications on detector performance (Journal of
Instrumentation)

B 900 GeV Collisions (Nov 2009) 300k events
O First physics paper and lots of calibrations

B 2.36TeV Collisions (Dec 2009) 20k events

O First glimpse of high energy events, and further
understanding of detector

B 7 TeV Collisions (Mar 30,2010 onwards) > 17 nb"!
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Integrated Luminosity at 7 TeV Collisions

CMS: Integrated Luminosity 2010
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91% overall data taking efficiency in the first 2 months!!
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High Level Triggers
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Francisco Yumiceva CMS Performance pg. 6



CMS Computing Model

MC in 2009/2010: Simulated

brts per Month
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Computing is performing well.

Fermilab plays an important role in CMS data operations
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The CMS Detector — A

Pixels& Tracker
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Reconstructed Tracks
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Primary Vertex Reconstruction
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Well understood uncertainties in tracking/vertexing

Primary vertex resolution well modeled in simulation
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Already can do b-tagging!
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Event Display of a double b-jet candidate
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Tracker dE/dx
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Hadron and Electromagnetic Calorimeters




Photon Pairs / 0.005 GeV

Electromagnetic Calorimeter Calibration
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Agreement on energy scale at ~|% level (width well model)

pi0 sample to improve further calibration and monitoring

Francisco Yumiceva

CMS Performance

pg. 18



Electron Candidate Reconstruction

2 1 60—_ I | LI | LI L LI LI | LI I LI | LI I LI I—— 90__ LI | L I LI | L I__
2 - | CMS Preliminary 2009 - CMS Preliminary 2009 -
[ N \s = 900 GeV - = \'s = 900 GeV -
O 140-_ -T- —SO— Data ’ e 305 —SO— Data ’ =
~— - [ MC ely B 70E- [ MC ely =
» 120 @ MC others . = @ MC others .
o . = E
T 1001 - 0 z
.'9 — o 'O — —
e 80 ~ F :
g 1 10p E/ » E
O - - = =
60— — = -

[ - - 30 E
— 40F ERE S =
o 20 N : = ]
‘ o ] 10 =
= ] -4+ ;
0 e o — i L

o 2 4 o6 8 10 12 14 16 _18 20 : : 2.5 3 3.5 4

o (GeVic) Esc/Posr

No electron ldentification applied.

Low pT region dominated by Tracker reconstruction
high pT by Electromagnetic Calorimeter
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Jets! Jets! Jets!

DefaUh: Jet Algorlthm: CMS, December 2009, 2.36 TeV
anti-kT, R=0.5 P Run 124120/ Event 6613074

Particle Flow Reconstruction

Jet 1 p;r=22 GeV/c . Jet 2
Three d nffe rent Jet p = 42 GeV/c
Reconstruction methods: ARG L S

Calorimeter Jets:
Based in calorimeter tower.

Jet-plus-tracks Jets
a posteriori corrections to
calorimeter using tracks

Particle flow Jets
a priori use of tracks and
calorimeter
|dentify charged hadrons,
photons, electrons, neutral
hadrons

pr =38 GeV/c
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High-mass dijet at 7 TeV

3 CMS Experiment at LHC, CERN
!l Run 133450 Event 16358963
Lumi section: 285

Sat Apr 17 2010, 12:25:05 CEST

Jet | pr :253 GeV
Jet 2 pt  :244 GeV
Dijet mass : 764 GeV

E;(GeV) Jet 2
Jet 1

-
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Dijet mass for different type of jets

Calorimeter jets Calorimeter+Tracks jets ParticleFlow jets
%) 3 'ﬁl..lLl S lCl\)Ié plrexliwnlinclunyZIO{OI E % . lCl\/[lé plre;li‘ngin;uiy‘ 2‘01IO‘ E %_) o ICI\/llS| pll'e;liln|1incluiyl2’O1IOI [E
O \s=7ToV 1O \s=7ToV 19 \s=7TeV
fé) .\L; pT(iet)'» 25 GeV ..g 10k pT(jet):::> 25 GeV | -o(é) 10k pT(jet)z> 25 GeV |
o 10 ﬁT (et < 3 E o g (et < 3 o i nGet)] <3
L s . * Data 1 W - * Data 1 LW * Data
: M, | Simulation : : | Simulation | Simulation
1 5 ¢ . E 1k 1 3 E
| ' : | ; _ |
107" ' 4 10'F ! 4 10" + -
| N N Y
| I | !
10-2w NS ENEEE NS N N I 10-2‘ T R R T T T 10-21lllllllllIlllllll[llll[lllIlll]lll
0 1OO 200 300 4OO 500 600 700 80( 0 100 200 300 400 500 600 700 80 0 100 200 300 400 500 PO 700 80
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Reconstruction consistent between the three jet Already reaching

reconstruction methods ~| TeV
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Anomalous Noise Clean-up

CMS Preliminary 2009
\/s=900 GeV
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1 llllII
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After HF noise cleaning
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* Missing Et is a good variable to show the effects of the noise clean-up.
* Only filters for HF and ECAL noise has been applied in these plots.

* Events in the tail are reduced.
* Detail studies to understand and filter noise are underway
* Take advantage of detector timing and topology selection.
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Missing Et

Track Corrected MET MET Resolution

% CMS Preliminary 2010 i
\|’§=7TGV — L B I 1 ! I I 1 x I I ! I 1 I ! 1 1 I I ’_
(D = % 14 | ; ............................. T 4 .............................. , ............................ 4.__
= | simutation ©  [CMS 2010 Preliminary s i
E ~. 12 ._\.".3.=7Tev. .......................................................................................... ......................... ; _&...
) —e— data 5 B : e |
=> b 10 OSSO OO ..................... ﬁ
- ER~ W
O ] o) ! v
- i 8 : ;
) E : :
®) 3 : -
- ] 6
= .
Z 1 4
E 2
H @ | ] : | I [ | | | I_; 0 | | | | | | | | | i | | | | i | | | | ! | | | | !
100 120 140 0 50 100 150 200 25_0
TcE, [GeV] TcXE, [GeV]

e Core of MET distribution is well-described.
* SumEt, MET very dependent on Pythia tunes.

* MC tuning is underway.
e All MET methods (calo, track, particle flow) are in agreement.
* Resolution agrees well between data/MC.
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The CMS Detector — A

Muon
Barrel

Muon
End-Caps
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Di-Muon Reconstruction

llllllllllllllllllllllllllllllllllll

\ G 250 CMS Prelimi ary,\(§ 7TeV
standalone S _ F |
= o0oL # data L. =15nb?1 —
© - — total fit ]
g - background fit §
7)) L —
tracker only *q&; 150: )
| }/important for low-pT 7} i ]
_____________________________ ' _,___-_ 100_— ~
" global i :
combined 50:— —:
information g :

MB1 9

MB2 '

Ty ) MB3
> I MB4 Signal events: 1230 + 47

Sigma: (42.7 = 1.9) MeV
My: 3.092 + 0.001 GeV

S/B=5.4 (M, = 2.50)
x¢/ndof = 1.1
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Measurement of Muon Charge Asymmetry

Charge ratio of atmospheric muons
CMS 2006-2008 preliminary

1.8 T 11 7171T1] T | T n ULELRAR]!

1.6
{ 1
1.2} | H
1 - —
y { : 1l
10 102 10°
p (GeV/c)

Most precise measurements
to date below 850 GeV

This measurement implies a good
understanding of:

* Muon reconstruction in large
momentum range

* Muon Level | trigger
efficiencies

* Muon tracking alignment

Submitted to Physics Letter B
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looking into the future ...
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CMS Plans for Upgrades

@ Motivation:
O LHC will deliver high luminosity collisions_/> 1034 cm?s™!, at high rate (50 ns bunch
spacing)
O Radiation damage to detectors

O Detector improvements

@ Timeline for upgrades during major LHC shutdowns:
O 2012 (/> 103 cm?s’!,at 13/14TeV)

O Replace Calorimeter sensors, finish last wheel muon end-cap, replace beampipe,
new beam monitoring

O 2016 (/> 103* cm?s’! ,at 13/14TeV)

O New pixel system, finish replacement calorimeter sensors
O 2020 (/" ~4-5x10%* cm?s’!)

O Replace tracker, trigger

@ All these upgrades have major impact in physics.

B Revised plan for CMS upgrades in preparation (draft TDR in June)
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Summary

B The CMS detector profited from the extensive cosmic data taking in 2008 and
2009 for commissioning

O Very good alignment, precise knowledge of B-field, operations, calibrations.

O Performance plots were delivered in hours, and extensive analysis done in
days!

@ CMSisin very good shape:

O > 98% of its components are operational

O very good data taking efficiency > 90%

O Reasonable well simulation of detector. Improvements are ongoing.
B CMSis ready for discoveries

00 stay tuned for new results very soon!
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Backup slides
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discrepancies are due
to imperfect MC
modeling. Currently

% uSing D6T tune [T T T T ] ‘EJ 700: T T T T T T T T T T T ] T T T T T T T I :
S w0 preliminary ~ - =
> | N’s=7000 GeV % 600— —e-Data =
© A1l sgnres T— | < — —
=10 E ot +data o — .
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Arbitrary scale
2

1072

—
Q
S

discrepancies are due

to imperfect MC
modeling. Currently

using D6T tune SEARNARE
<o preliminary -
i L s=7000 GeV
— e +data
8 i S ey ~-MC-AT
- - T MG-P8
- = -1 MC-D6T!
i r_._'.‘L"’-" ..... i :::‘ MC-D i
_ Pixel Cluster .
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Material Estimation
Conversion vertices

Already very good tracker alignment and a very

good understanding of the tracker material
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discrepancies are due
to imperfect MC
modeling. Currently
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Inclusive Jet Reconstruction

Calorimeter jets
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Calo jets PF jets
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gure: Fraction of di-jet energy contributed by electromagnetic
lorimeter deposits (EMF) for a pr cut of 25 GeV and 50 GeV.
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General agreement. Small data excess at low EMF seems
to be reduced at larger p;values
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cut of 25 and 50 GeV.
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Anomalous Noise in Calorimeters

Et[GeV]
50

@ Hadron Barrel(HB) and end-caps(HE) calorimeters

40

Source: Hybrid photo-diodes(HPDs)

30

Appear in 1-72 channels

20
10

Caused by ion feedback, noise and discharges in HPDs

0

O g g aAd

Random ~10-20 Hz

@ Hadron Forward calorimeter (HF)

O  Source: photo-multipliers (PMT) window

O  Appearin | channel

O  Caused by Cherenkov light by particles going through PMT glass ECAL “Spikes”
APD

@ Electromagnetic calorimeter (ECAL)

O  Appear in a single crystal

O In time with collisions but wider spread

O  Caused mostly by deposits in avalanche diodes (APDs) by highly ionizing secondary particles
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Calo MET Track Corrected (TC) MET _
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MET Resolution

Calo MET

variables in
x and y axes are for
uncorrected MET
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