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ECAL 76k scintillating C M : ;
C PbWO, crystals — —

HCAL Scintillator/brass

interleaved

Muon
End-Caps

. (CSC)

v 3.8T Solenoid

Pixel

Tracker Pixels & Tracker
ECAL APixels (100x150 nm?)
~ 1 m? 66M channels
HCAL ASilicon Microstrips
~ 210 m2 9.6M channels
Muons MUON BARREL
Solenoid CO" Drift Tubes (DT) and

Resistive Plate Chambers (RPC)
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CMS
experiment

@
LHC

~20 years

from
early
design
to 1'st
\A\\? 3 7 = B :5-:-'):"7'-% ) LIP‘I .’-,‘i'(gs COIIISIonS
CMS comprises 66M pixel channels, ~10M Si microstrip ch, ~75k crystals, 150k Si preshower ch,
~15k HCAL ch, 250 DT chambers (170k wires), 450 CSC chambers (~200k wires), ~ 500

Barrel RPCs and ~ 400 endcap RPCs, muon and calorimeter trigger system, 50 kHz DAQ
system (~ 10k CPU cores), Grid Computing (~ 50 k cores), offline (> 2M lines of source code).




Data collected so far

Cosmic Ray Runs:

A MTCC 0 6mu P(s#5M CRAFMuP86 (270M
I Before collisions, detailed detector studies with cosmionsevents
I World most precise measurement of charge ratio of atmosphedns

Beam Collisions :

A & s = eV0@ LHC injection energy 300K events

First LHC collision/sl®kember 20009
First physics papers and lots of calibrations

A das =2Te\8 6 20K events
I Delivered/recor4deil ~ 1. 2¢hb

I First glimpse to high energy events and further understanding of detector
A &as T&v Startof LHC Run |
.

running since 30 March 2010 ~ 20nb
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Commissioning with Cosmics
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In total > 1 billion cosmic triggers /

collected between 2008 and 2009 ¢



Before collisions
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Commissioning with Collisions

cms. | CMS Experiment at the LHC, CERN

o | wData recorded2009-Dec-14 04:05:38.307318 GMT
= RiLIN: 124120
s vent: 9463533
LUsaj section: 31

PIIOt RunS 1 ;gén . 2%924351 P
(23 Now16 Dec 2009) "=, ,

- Apaay -
A T dg o

Physics Run

Start-up
(30 March 201e¢ )

(c) CERN 2009, All rights reserved. httpeifiquana.cern.chiispy
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First CMS publications

The scientific production of CMS has started within wee
06? (@) In{hllis‘irln;ljll - - ‘CMS‘I‘E z _‘ (h)aié Iu‘n\; :sl: IC)‘Nlml_ ;;_Ilinﬂ CMSH_
C 2 UA1NSD = | ¥ STARNSD o ISR inel. B
ATransverse momentum and T AT IS°F 4w .
pseudorapidity distributions of o 08 @cmenemE *% T omcnad A AucEmeL vy
=
charged hadrons at Gs =900 GeV & oasf R .
and 2. 38&HER0Z(2010)041 < L ER)
T 2L |
0.35— -] : @@ﬁ# ::::1-:;3::(:‘)84) 0.0236 In’(s) _|
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First 2.5 months of TeV operations

CMS: Integrated Luminosity 2010

20

L nb!

Delivered 20.52 nb™

18

Recorded 18.67 nb™*

16

14

GooOoooooOOOnO0nO0oO0000000000a0H00000000000000000000000000000000000005M000000000000000000000000000080000005E0000008 Jaa0aa0aaa0aaaoa0aaaEna0n0n! § Fioooaaonnooaoonooa000000a000000000000

12

L ! I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
10:10 13/04 01:27 26/04 16:44 10/05 08:01 23/05 23:18 06/06 14:36
Date

Reliable operations with~20nb-1delivered by LHC and ~181b-! of data
collected so far. Overall data taking efficiency 91%. After quality flags and
data certification for physics (~95% ) we end up with~17nb? of good data for
physics.

CMS status CMS Commissioning C. BiinoT BEACH 2010



Status of SuHaletectors Operation

Global operation efficiency:

PIXEL TRACKER
- | | | |
STRIP TRACKER
1 | | | I
PRE-SHOWER
- | | | ]
ECAL END-CAP
1 | | | I
ECAL BARREL
- | | | ]
HCAL FORWARD
1 | | | | ]
HCAL ENDCAP
- | | | | ]
HCAL BARREL
1 | | | | ]
MUON-RPC
- | | | I
MUON-DT
1 | | | I
MUON-CSC | | |
90 91 92 93 94 95 96 97 98 99 100
woon wwon- wwon.| roas | noar [ IO con | ECAL ] RE TSR | vl
CSC DT RPC BARRELENDCAP BARREL
D CAP R R R
Seriesl| 98.5 99.8 98.8 99.9 100 99.9 99.3 98.9 99.8 98.1 98.2

All subsystems over 98% functional.

CMS status CMS Commissioning C. BiinoT BEACH 2010



Minimum Bias Trigger

A Hadronic Forward
I HF: 2.5 ¢ |h|¢ 5.
A Beam Scintillator Counters
I BSC: ° 10.5 m from IP
A Beam Pick-up Timing
I BPTX:° 175 m from IP

|
(1S PARKAETERS p @ 3 E é%
o HEEE R R
R

440 ™~
N

[/ /

A Trigger: Minimum & Zero Bias Y\?
I L1 Beam Scintillator Counters
TL1 Tri ggepresclddP T X0
A Minimum Bias Offline selection:
I BSC (OR of 2 planes) + vertex: f ~90% Physics triggers are now deployed

I HF (E > 3 GeV both sides): ¥ ~ 90%

based on calorimetry and muons

CMS status
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L1 Trigger Time Alignment

CMS status

L1 Synchronization, run 133450

g e e e e e e e e e T T T T T T T T I IT T ITTTrTITIT g

CMS Preliminary 2010 7 TeV

HF ring coinc

HF coinc
FwdJet2
MuOpen
BSC coinc

JetB
| IIIIIII| | IIIIIII|

o
t
w

(NN [ 111 LI [ 111 LI
0 +3

[NENEN
+3 -3 043 -3 0+3 -3 0 +3 -3 -3 0 +3 -3

0 +3

BX offset to BPTX

CMS Commissioning

( 25nsecunits)
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DAQ, L1 and HLT Triggers

HLT_L1Jet6U

A L1/DAQ RUN FLAWLESSY HLT_Jattsu
L 1 e
i Event size <500 kB/ewt, WT Lt
i CPUload ~ 2% @ HLT farm L azo MRun 133877

.Monte Carlo
HLT_Mu3

I Farm Capacity ~100 msec/evt

A Average CPU processing time at
Ll rate Of 50 KHZ HLT_L1SingleEG5

] Up to now we have Spent ~15 HLT_L1SingleEG8
ms/event (min bias dominated) HLT_Photon10_L1R

i Expect ~ 40 ms/event for a lumi of =~ H-T-Phetents LR
1030 Cm-zs-l on average HLT_Photon20_L1R

HLT_Mu5

La ZBcrss?

HLT_Mug

HLT_Ele10_LW_L1R

HLT_Ele15_LW_L1R

A Dezplo yed trigger menus for 10%7, 1028 ,
cm2/s (in development for 1030 -

HLT_Ele20 LW _L1R

1031Cm ’Is) 10° 102 10" 1 10
I Rate predictions based on MC & data Rate (Hz)
i Primary datasets for 1029cm-2/s High Level Trigger rates
Data vs. MC

CMS status CMS Commissioning C. Biinoi BEACH 2010



Triggers commissioning

By taking millions of
MB events, with the
triggers i n A0
passo, the |
triggers have been
validated. Then when
they are implemented
0-4 _, ................... ...... ................... .......... ..... _,_ at hlgher |um|nOS|ty,
the higher Pt triggers
will, in turn, be put in
mark and pass-
bootstrap.

Efficiency

L1_SingleEG2| .

£=0.99+0.00|
n=2.3140.00|77]

6=0.35+0.00]

02_ ___________________ ______

i ¢ i | CMS preliminary 2010 (7 TeV) | :

.11 | L1 Ecal Trigger Efficiency (EB) | |

L1 turn on curve
electron-photon trigger with E, > 2 GeV

CMS status CMS Commissioning C. Biinoi BEACH 2010



Computing Processing/Transfer

A Data processing proceeds very smoothly.

| Express FEVT Latency =
i Tier-0: software and infrastructure are stable &z =
A Tier-1s and Tier-2s making reliable contributions E?EEE Jhour
A All 7 Tier-1s fully participating. E:;gg;
A Many re-processing cycles handled very well so far . 1333;
A 49 Tier-2s received collision data and 57 Tier-2s
participate to simulation B ;t;m}['l‘i{cﬂé{;lfﬁ;;
A > 465 users submitting jobs for analyses (and (2) Express Latency
number increasing weekly)
P SMS PhEDEX . Transfer Rate,
[ TierOtoTierls J §04GB/Y ..[ mTier:ltoTier-2| 1GBJs

oE
o=

CMS status CMS Commissioning C. BiinoT BEACH 2010



_LE-UP AT LOW LUMINOSITY
Soon to become impaortant
with squeezed high intensity

| beams (N,

B VS Performance R ¢ Biinoi BEACH 201(

. CMS status



CMS detector performance

g AL U141 : Entries 50244 400 ET : | : —
%10‘— # Tracker-only = 0090 — ates Mean  0.2321 L
£ 0 Gona ;i; - - - RMS 444t : data
B -4 TPRMS 1y B e Entres 0086 [ simulation
g VIR o BT & Mean 02906 300 +1
s | 7 e : i RMS 3744 % i | |'||"|°-
£ = i : gk
§ | 'i ‘ g \ s
L : wes- E 200 'ﬁi:,{ﬁ '%:H ]
== 15 o o [ M +I 7
0 C | IR )
+ LS g - i 4 -
- S 100 ) f -
oF 0025 - L " _
2 == - F T4 K.
10 —tt CM§ 2008 00t 2
Ll L ||HH||[]2 1 |\||||\|\:]g | g: .:..unluuluul.lll.."f'r- 0 Dl L |220|.'?-| T
10 1 P1T - A0 450 A0 50 Ad,:(um) 010 10 20 4 2 o EPCA 4
a/p. " (1/TeV)
Momentum resolution vs Distance of minimal approach Excellent control of the
pr with 2-leg muons. with split tracks. momentum scale.

Good understanding of alignment and magnetic field; good
description of the detector. Most of the tracker aligned at what
was expectedafter 10pb-! of collision data. Performance not too
far from ideal.

CMS status CMS Performance C. Biinoi BEACH 2010



Tracker performance

g ;:Ms preliminary 2010 =7 TeV 5§ 22000¢ = 10p
= 30000/ Pixel Barrel 4 £ 20000} % oS- 1
g E me | 18000 CMS preliminary s 8f- :
= L . F 2 E T OgE gmi.c
:39 250001 [ + DATA . 16000 Data - 2010 g I i.(ﬂ,..,m. 1
Sooo- [ b AT 2 14000 EIEV- 19.4 & 6_
& ] 120001 T § 55_ 1
§ 15000 ! 3 10000 :
< - . - 8000;— 45 1
wooo— [} P c 6000L 3f ,
5000~ pixel cluster charge ~ #%%%F signal/noise 29 1
- 0 ] 2000+ | R ———
" e R N RN R i e . I ] | N C c P s 1) ;
0 Qe 1
0 10 20 30 40 50_ 60 70 80 90 100 10 20 30 40 50 60 70 80 90 D05 1152253354455
normalized cluster charge [ke] Signal-To-Nois P (GaV)
o N T e — T —
“>“ CMS Preliminaryd © I CMS Preliminary * Data - =) CMS Preliminary « Data
@ 10° \s=7TeV —~ L \s=TTeV @@Pythias | ~ 100 Vs=7TeV @@ Pythia 8
o « Data g - g
~ 5 . < &}
= 10 @@ Pythia 8 © ©
— = 0.1 (=
£ 10* o S
I g z
= 10 P+ Spectrum = £ 50
= =
2 102 Z0.05 =
b
E 10
=
1
0 5 10 15 2C 02 0 2 o2 0 2
Track p_ (GeV) Track Pseudorapidity Track Azimuthal Angle
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CNYACMS Experiment at the LHC, CERN b '
Run/ Event: 124120 / 7247137
K° candidate event at 2.36 TeV




0Y K* K- using dE/dx

dedx vs P Entries 176229

10 Meanx 1.504
P -7 .. "-]Meany 2844
S - Sl RMS x 1.17
- |RMSy 1.206

Tracker

| ¢ »KKcandidates

600

vents /(0.001)
wu
o
S

-
"-
.

o
E
n
(=]
[e]

‘Illlw\l|ll\l|llll|\

y CMS Preliminary
K OS, L 3 e f 300 900 GeV pp collisions
Val Idate . 1318 +/- 95 ¢ candidates
Tracking Reconstruction 2008 M= (1.01937 +/- 0.00030) GeV

. . o =(1.69 +/- 0.50) MeV
Secondary Vertex Finding

100 :— Width fixed to PDG value
Magnetic Field -
Material 0- ; '1.(|)2l ' 1.(;4' ' |1.(|)6I | '1.(;8' ' '1.I1' T2
Momentum scale S (G

Validation of MC
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Trackeri Decay vertex commissioning

T{_J__ 400 CMS Preliminary 2009 - _
> F /5 = 900GeV 1 ATest of the primary
© 390F vean:1msesoimeve 1 and decay vertex
S 3000 0:2.93 + 0.08 MeV/c2 = finding
S .
% 250 =
N 1 ACheck on the tracker
52008 7 momentum scale
150[- =
3 1 ACheck on the tracker
n 1 momentum resolution
50F -
0: L | I S TR A SN ST NN AT N R .
1.08

11 112 114 116
pr invariant mass (GeV/c?)

CMS status CMS Performance C. Biinoi BEACH 2010



ATracks displaced from primary
vertex (d 55> 3 10)
ACommon displaced vertex
(Lsp> 1010)

| T T | | [ I T I | 1 I | I~

r CMS Preliminary
i Yield: 187.6 + 19.9 i
Mean: 1672.2 + 0.4 MeV/c? _|

Sigma: 2.9 + 0.3 MeV/c?
= Statistical uncertainties only|

-

=

o
|

PDG Mass:
1672.43

0.29

Candidates / 3 MeV/c?

i
=]

sk

q -

1 L

1 1

1 |. | 1 I | | I
1700 1800 1900
AY K invariant mass [MeV/c?]

Invariant mass distribution
for different combinations

( q- sK*orXt- spt)fit
to a common vertex.

600—

A

(=]

o
I

(]
O
—
=
O
=
™~
—
o
2
©
2
o
c
[1v]
@)

200

CMS Preliminary

Yield: 2344.8 + 58.2 |
Mean: 1321.92 + 0.09 MeV/c?
Sigma: 3.24 + 0.09 MeV/c®
Statistical uncertainties only|

PDG Mass:

1321.71 + 0.07

X- 8P -

1300 1350 1400 1450
A? 7 invariant mass [MeWcz]

CMS status

CMS Performance
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These nr eperer
charm decays validate the

tracker pattern
recognition, momentum
resolution and secondary
decay vertex quality.

CMS Preliminary
Ns=7TeV

‘DA K'pip*

el il

Yield =417 £ 42
Mean = 1.8708 + 0.0018
Sigma = (16.38 = 1.97) MeV/c?

b b b LT

1111 1r el el nplepng
S5 16 1.7 18 19 2

I§I O

CMS Preliminary

Mean = (1.864 = 0.001) GeVic®
Sigma = (141 1.1) MeVic®

Events / 10 MeV/é
=

|||§|||

oy 30T ARE RARE AR RARNRRRE
E - CMS Preliminary E
= 300 s =7 TeV -
o o 3
~ L Yield = 569 = 62 -
8 250 u:an-ms.az:u.m MeVic? .
§ E Sigma = (0.68 + 0.08) MeVic® B
w zm__
150 _{+ + +
1o 3T .
50— -
r D*+A DO(K—p+>p+ .
ol e e L S L =

L DOAKDY

0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158

CMS status

M(Kxr) - M(Kr) [GeVic?] M(Kx) [GeV/c]

CMS Performance

KGood agreement

it s e e With PDG values

M(Knr) [GeV/c?]

B field and p

scale well

understood
MAResolution as
expected from MC

AGood

alignment
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HeavyFlavour

> EE ECal =@ . CMS Experiment at LHC,|CERN
- =R e CMS E ata Recorded: Sat Apr 24 08:31:20 2010 CEST , — . L
- « | Lumi section: 795 i Eaas S G E EOOONCHOE 0

Ofetz | 73] -1.3] -23
O0vet3 | 45] 41| 30 L _6 2 4$|
Ot 4 | 44| -20] 10 3D— . “““ ) E N (A E [
Ofets | 43| 03] o S e Ll
Ofdets | 42| 44| 10 —_Tg G V Frovte ey e
OOkt 7 | 33| 04| 26 as%v . e * 2 ° 2 oo
OfJets | 35| 18] 15
Osets | 28| 30| 24 G % _6 3/5
DSt 10| 25| -18] 25 0'

OSset 11] 15| -0.6| 04

OfJet 12| 13| 38| 24
Ot 13| 12| 37| 20

HDJetDH A .
BElett [160] o8] 11 1 ! Jet pT:43'7 Gev : E EIIE E

CElet 14] 11| 07| 27

» E[E Tracks =@

» EE Muons = @

» E[E Electrons =@

» OE Vettices =@

» EE DT-segments =@

» EE C5C-segments = @ -

» EE Fhotons =@

» [Em MET =+ @

» (W verexTracksssigr = » @

 EI [ECOnGaVaEa — - O

» [ akSPFJets =29

» OO verexmerger =@ 1
OB voimfnis =10 jet p+~=40.3 GeV
» BN inclusiveverices & @

» B[ genParticles A @

L 5p=8.6mm(55] )
mass;,~3.1 GeV
G 2,=15.9/3

Two b-jets candida
B-tagging is being commission




ECAL Performance
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Firsto :kesonances in ECAL

F i r %eak shown already the 2% of November ! ECAL
CMS preliminary 2009, 900 GeV data ‘?9. C , CMS Preliminary 2009
/_‘5700 il | TTTT | TTTT | TTTT | T TTT | T TTT | TTTT | TTTT TTTT TTT : %60_— O V’E:QOOGEV
7 E Nsig = 3966 + 94 i S + Data
o - sig + . o [
3600:— mean = 0.13646 + 0.00037 | ] 550:_ "' E ';':ta Fit
— - sigma = 0.01550 + 0.00037 | - g - ‘ ‘ --- Background Fit
— - . [} N
_.9500:— E %40— l‘
S T . wof 1
C400- 3 : j \
L C ] 30— _
3001 " E -
- | f 20 f [Pt
2001 UF . asiadta® s e b AE : ’
j A P A :~...-r:- ! . : 4
100 O ] 10— l | .rr
E E K \aé‘g
O_I | | L1111 | L1111 | 111 | L 111 | L 111 | 1111 | 1111 | 111 | 111 I_ \:\\\\\\
0.050.10.150.20.250.30.350.40.450.5 0 005 01 015 0.2 025 03 0.35 04
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With fAOut of the boxc¢ p°withonelegreconstructeda s :
within 2% of PDG m (track-driven) as conversion !

Calibration of the calorimeters comes from test beams, cosmic rays and
then in situ reconstructions of known resonances. Later thg+ Jet
reaction will be used to transfer calibration to hadron calorimeter.
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p® andh Peaks for InteCalibration

The excellent ECAL
performance allows the
clean reconstruction of

p°and h signals.

1.46Mof p°Y g @
P.(g > 0.4 GeV,
P (pair) >1 GeV

255Kkof hY g g
P.(g > 0.5 GeV,
P (pair) > 2.5 GeV

0.43nb11.46M " ©

ANumbers refer to ~5%

of the currently available

statistics.

AVery useful data to 0.43 nb1 25.5k d
intercalibrate the crystals.

AMC based correction applied

according to cluster dDasnd MC
energy.
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