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Preparation for First Collisions

LHC and CMS operations in 2009 were
preceded by extensive preparatory work

DESY and UHH contributions

Construction and commissioning of Beam Condition Monitor and
CASTOR

BCM : measures beam halo = protection of tracker from bad beam
conditions

CASTOR : calorimeter for forward physics and QCD
Tracker alignment and development of Data Quality Monitor
Computing (Tier-2 and NAF)
Physics : Top, Higgs, SUSY, QCD
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Commissioning of CASTOR & BCM

. SIS pars
e Installation of CASTOR completed in 2009 ooy units AR/ INES 7

e Fully equipped (> 99% of channels give signal,
92% see LED)

e Taking data within the CMS data stream

e Beam condition monitor : extensively tested during LHC commissioning
Excellent time resolution allows to tag single bunches!
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LHC Run: November-December 2009

-
* Inaugural LHC run in November-December 2009

» CMS collected 10 ub™' @ 900 GeV and
0.4ub" @ 2.36 TeV

* Large fraction of operational
channels in tracker

98.4% operational for pixels

97.2% operational for strips R | s
» Valuable data for

Detector calibration e W

Validation of reconstruction tools

Monte Carlo tuning

Initial physics studies which resulted in first publication!
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Track Reconstruction

CMS Preliminary 2009

Charged tracks reconstructed with
Kalman filter technique

Difficult task in dense environment 10

—e— 900 GeV data

Algorithm shown to have high
efficiency on cosmic tracks and MC

p, distribution in agreement with MC 10?
p./o(p_)> 10, =8 tracker hits 10

— 900 GeV MC

—
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CMS Experiment at the LHC, CERN
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Data recorded: 2009-Dec-06 04:14:38.495160 GMT L L il 'F L H' L1 H' T

Run: 123592 5 10 15 20 25
Event: 2003169 Track Pt (GEV)
Lumi section: 13

Orbit: 12844863

Crossing: 51

vs=0.9 TeV
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Primary Vertex Reconsftruction
_
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Very good agreement with simulation

=> accuracy of alignment well
modeled in Monte Carlo
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dE/dx Measurements
__

» Motivation : search for heavy stable (long-lived) charged particles

* Application in analysis of first collisions : search for ¢p—K'K~

10 CMS preliminary [ ¢ — KK candidates |
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K’s and A Reconstruction

Two opposite charge tracks compatible
with common vertex (V%)

Transverse distance from V° to beam spot
> 100 to avoid fake V°'s composed from
the primary vertex tracks

™~ (Y] . .
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CMS Experiment at the LHC, CERN
Run/Event: 123596 / 12886346

Candidate KO Event
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K'(892)* and E* Signals
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Secondary Vertices (SV) in First Collisions
—
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. . . . 1200 — —]
cuts on SV indicates that inclusive SV %1000;_ IE—
finding works well for b-tagging : —e— 900 Gev MC 1
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Secondary Vertex Candidate

o
* Recorded @ vs =900 GeV

Primary

Vertex \ * Vertex belongs to jet with
' = p.=10GeVic

© n=-142, p=0.20

econdary Vertex (2+ ellipse)
with 4 attached tracks

* 18 tracks (@ primary vertex

All other tracks

Pt> 500 MeV
> e * 4 tracks (@ secondary vertex

R CMS experiment at LHC, CERN | ° 2 _
' 57 % Run 124022/ Event 13598392 ((‘ / Vertex X /IldOf 1‘67/5
~ 1 2009-12-12 00:26:16 CEST |

Four Tracks Secondary Vertex * Vertex mass = 1.64 GeV
° L3D/o=0.26/0.037 [cm] =7
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Electromagnetic Objects in First Collisions
—

* m’—(e*e )y, one photon is detected in ECal, geo_ ‘ N
o . = C 4 Data
another is reconstructed as conversion 2500 | owe
* Conversions : F10. “ | i
2 opposite charge tracks compatible with common 30 ] | | | \ J
vertex located within tracker material Jor ‘ ' l'\\\§§§ *
.. r NHHRIh

tracks are parallel at vertex position - \ NN

’°? + \\\\\\\\x Q\\x§

ECal cluster in barrel, E_> 300MeV ”"°°"e°ted"‘f e GV

CMS Preliminary 2009

No HCal activity behind ECal cluster

g —— MC truth [ - | MC pseudo-data
. o e . 3 -
Primary vertex and ECal cluster position define > 0-25¢ [ |Fakes  —— Data 900GeV
photon momentum vector s T
5,

02~ gp PXL1 PXL2

-1

0

X

e Compelling signal in the reconstructed mass
distribution, nicely reproduced by simulation

* Conversions = radiography of CMS detector /M
study of material budget distribution 0.05]

0.15—
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Particle Flow Commissioning
_

e Particle Flow concept : reconstruction of individual particles
based on complementary information from all sub-detectors

» Provides most accurate jet and Etmi”

measurements HCAL

Charged hadrons ~65% of jet energy

» signature : tracks + ECal/HCal clusters ECAL

* measured with tracker

Photons ~20% of jet energy

» signature : ECal cluster non associated with
track

* measured with ECal Y /
Neutral hadrons ~15% of jet energy | |

* signature : ECal/HCal clusters non associated N S A
with track R h e

° measured with calorimeters |

* Reconstructs/identifies isolated leptons [e, u]
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Missing E_with Particle Flow

» Minimal bias events : small ET””“

CMS Preliminary 2009

ideal sample for testing =
. miss v
resolution on E_ O
2

£

» Parameterized as function of >E \?

o(E,")=a®bV3E,

900-GeV data, PF

Simulation, PF
. . 1 o 900-GeV data, Calo
* Considerable improvement i . Simulation, Calo
° _IIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII
compared to calorimeter based % "0 20 3 a0 50 6 70 8 90
XE. [GeV]

reconstruction!
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Di-Jets in First Collisions

=900 G?v | CMS prelimina
} T I T T T T T T —
o o R . [4b] anl]-kT [R=05} PFJets —= data
* Di-jets : two jets O b plevecer g
= mjet)|<3 Dijets

= balanced inp_

Particle flow jets3
= back-to-back in azimuth ]

* Clean sample dominated by real jets

= Fakes are unlikely to have balancing counter-
part 10"

. . . . 20 40 60
= Loose jet ID compared to inclusive jet sample

jet P, [GeV]
can be used to enhance statistics VS-900GeV CMS prelimina
g 10° | anti-k; (R=0.5) PFJets — data i
. D jet)>8 GeV MG
- Selected sample verifies : G P heoi<s S

= jet modeling in Monte Carlo 10 Particle flow jets?

= jet reconstruction procedure 10F

= relative jet calibration ( p, balance of jets

w.r.t. control central region = flattened .
. 107
response in n) :

50 100

. Dijet mass [GeV]
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Candidate Di-jet Event

Anti-K; algorithm with cone size R=0.7

Jet 1 Jet 2
Corrected p, (GeV) 24 26

n 0.3 2.0
U] 2.5 0.7 < back-to-back in ¢

EM Energy Fraction 0.5 0.6

WS Experiment atthe LHC, CERNM
Crale Racorded: 2000 12-06 0713 GMT
Run/Event 123586 ) BT32TE

Canddate Dijel Colision Evenl

A CME Experiment at the LHC. CERRM
g7 Date Recorded. 2008-12-06 0718 GMT
et Run/Ewvent. 123586 ¢ BTIZTE1

Landic iale Dijet Colisian Evepl
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Muons in the CMS Detector

Barrel muon candidate

Compact Muon Solenoid — detector is cvs/| CMS Experiment at the LHC, CERN
ta recordee 2008-Dec-11 09:15:57.32 GMT

F. Ald NS COnCie

091 5,57 3258450 GN

particularly efficient in muon
reconstruction LA
Muons are objects composed of the '
following constituents

Standalone track reconstructed in the
muon system

Matched to the track in the inner
tracker

Calorimeter signal compatible with MIP
Main source of muons in the first collisions

on-flight decays of K* and =~

Cosmics in-time with collisions (tracks are
likely displaced from primary vertex)
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JY-u'u- Candidate

I3 Callection| ruons

2B CMS Experiment at the LHC, CERN

Date Recorded: 2009-12-14 12:49:33 CET

Run/Event: 124120/5686693 in LS 19

Vs =2.36 TeV

Di-Muon event candidate

= 3.04 GeV

HH
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First CMS Paper From Collision Data

_
e Kinematic properties of collision products in min bias

events => topic of the first physics CMS publication with
collision data

Measurement of inclusive charged-hadron kinematic distributions at new
physics frontier => first step towards understanding of underlying events for
hard processes at design LHC luminosity

[Transverse-momentum and pseudorapidity

distributions of charged hadrons in pp collisions at

:Il(lbl)lllllllllll |||||||||||||||| <|:r;lﬂ|s||: 06| . an — T
o i ] - (@) _ cms 7 /s =0.9 and 2.36 TeV
— 10gg E L % ISR inel. i
o L% o Data236TeV _ [ A E7SNSD
Q] 3 g 3 - B CDFNSD
Pt ] I ® CMSNSD (| |<2.4) i .
o= 1 o 05 ) 7 CMS Collaboration
o 10 ERES -
% ] [1)] - T . .
L 1 O 045+ - ABsTRACT: Measurements of inclusive charged-hadron transverse-momentum and pseudo-
—° 10 E 'K_ L ] rapidity distributions are presented for proton-proton collisions at /s = 0.9 and 2.36 TeV.
] a C ] The data were collected with the CMS detector during the LHC commissioning in Decemn-
“o 10 _: V 04 — ber 2009. For non-single-diffractive interactions, the average charged-hadron transverse
Qi_— E B ] momentum is measured to be 0.46 £ 0.01 (stat.) £ 0.01 (syst.) GeV/c at 0.9 TeV and
E S i ] 0.50 £0.01 (stat.) £ 0.01 (syst.) GeVje at 2.36 TeV, for pseudorapidities between —2.4
w0t 0.35 — and 4+2.4. At these energies, the measured pseudorapidity densities in the central region,
i = — 0.425 - 0.0197 In(s) + 0.00156 In*(s) - dNgp/df|gj<0.5, are 3.48 £0.02 (stat.) £ 0.13 (syst.) and 4.47+0.04 (stat.] + 0.16 (syst.),
i ] respectively. The results at 0.9 TeV are in agreement with previous measurements and con-
0.3 b vl ; e firm the expectation of near equal hadron production in pp and pp collisions. The results
10 10° 10 10* &t 236 eV represent the highest-energy measurements at a particle collider to date.

s [GeV]

Keyworps: Hadron-Hadron Scattering
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Summary

e First collisions at vs = 0.9 and 2.36 TeV have been collected by CMS in
the fall 2009

e Recorded data are of utmost value, allowing for:
= Commissioning of reconstruction algorithms

= Detector calibration
= Tnitial physics studies
e CMS detector, software and analysis chain are in excellent shape

* Amazingly good agreement between data and simulation
= efforts invested in development of the full detector simulation
software pay back

* First CMS publication with collision data : measurement of inclusive
kinematic distributions of charged hadrons at new energy frontier

e More papers, including physics results from first collisions, coming soon
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_ Outlook

 Prospects for 2010-2011 run (Vs = 7 TeV)

= 2010 : L ~ 10®*-10°* cm™s”
= total of 100-200 pb™

= 2011 : L ~ 1—few 10> cm?s™ = >100 pb™'/month
= total of ~ 1 fb"

m 2012 : shut-down

 Looking forward to first data @ 7 TeV and
preparing for electroweak, top and new
physics !
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Time delay scan to determine maximum charge

Silicon Strip Tracker

collection

Sensor efficiency measured with reconstructed tracks

>99.9% excluding known bad modules

Cluster Signal/Noise ratios measured
High (19-24) and in agreement with expectation

Before Calibration

1600

#APVs

1400°
1200§
10005
8005
6003—

400+

200?—
960
9/03/10

:_C'MS' prelimipary  we-scocev

—TIB (320um)
— TID @3204m) ]
— TOB (500 um]

TEC (320um) _|
— TEC {500 im)

300 400
MPY {ADCImm]

After Calibration

200007 CMS preliminary e

18000
16000-
14000;
12000
10000F

8000~
6000"
4000/
2000

Jﬂ

—TIB(320um]
— TiD{320pm)
— TOB (500 um) |

TEC {320 o)
— TEC {500 um) |

90

200

T 300

400
MPV (ADC/mm)

I B L B
- CMS 2009 preliminary ]
60 900 GeV —

a.u.)

« Data ]
= Pulse shape fit | |

- == Previous delay ||

Adjustment: 10.1ns

Amplitude (

:\ 1 1 | 1 1 Ii | 1 1 1 ‘ 1 1 1 ‘ 1 1 | | ]
0 -20 0 20 40 60
Delay (ns)

Calibration procedure

For every module: fit normalized
cluster charge distribution by Landau
(use only tracks with pT>1GeV and at
least 8 hits)

Extract MPV from the fit and
compute the gain : G = MPV/300

Conversion factor (ADC/mm
= MeV/cm ) from cosmic data
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Silicon Pixel Detector

. Little too late — getting less charge
* Charge collection must be

synchronized with bunch

Crossings §012 &' CMS Preliminary 7009 | gw“'ﬁ"'a;;.'ga;;'.;;i;;;;'.a;aaa'""
Pixel chargesampled @ 25ns = or e ‘\ Forward Pixel
o : T ~clk -6 ns
) 0.08 ' =clk 6
T1m1ng scan ocek | | ok18ns -
Optimize signal shape ke 1 o '
Avoid biased selection 0.04- 1 o4
c - N ——— 002 0.02-
S 4500F CMS 2009 — T P e 1 a
) - o DATA = 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 5C
A 4000 ., = Pixel charge [ke] Pixel charge [ke]
S 3500F =
0 o A/E} Charge corrected for 20 (e
_ — . . CMS
g 1 track incident angle  J 18}
2500F- = 2 ek i
2000E- = % clusters above red line 2 44 '
= CMS preliminary = are likely from IP; < 12/
1500 3 S
1000~ Barrel Pixel E below —background &
5001~ 39 Good agreement with *?,,j j
% 10 20 30 40 50 60 70 80 90 100 simulation O ,
Cluster charge [ke] oL
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B-Tagging Related Variables

o Very limited # of b-jets in first collisions (Anti-K_algorithm with cone size=0.7 is used)

Few well-defined jets/tracks with momenta appropriate for b-tagging @ high s

Impact parameters and secondary vertices are mainly studied to understand bkgd and
fakes

» 3-dimensional impact parameter:

First track above charm : 4-vector sum is updated by adding tracks in decreasing order of
3D IP Significance (pion mass hypothesis is assumed) until invariant mass >1.5GeV
(~2/3 of D° mass). The last track added is first track above charm

CMS Preliminary 2009 o CMS Preliminary 2009
o P T T T T 1 T T T 1 Ll T T T T T T T T T — 1 T 1 | | 1 ¥ T 1 | 1 T T T T T T 1 T T T T T
E I | I | — oATA S ghl—=paa ) e e !
E ...................................... —__ MC (light jet) g g —__ MC (light jet) ?;
E —— MC (charm jet) c Anl MC (charm jet) =
e T e I B MC (bottom jet) 10 g B MC (bottom jet) = 35
2 Y I I
10 _E 2 E_
102 ..................................................................................................................... E_
10 ......................................................................................... _E
1 .................
1 1 1 1 [ 1 I 1 1 | 1 I
80 -50 -40 -30 -20 20

. 40 60 . -10 .0 10
signed 3D IP significance first track 3D signed IP above charm



Recording Collision Data. Minimal Bias Trigger
S

» First collision data are taken with loose trigger conditions = minimal bias
events

Min bias trigger : hit in any Beam Scintillator Counters (BSC1) (inner ring) in
coincidence with a signal from the two Beam Pick-Up Timing for eXperiments
(BPTX) = two bunches crossing IP

BSC1 Tiles 1
(ex-OPAL MIP-plug) |7,

Segmentation:
* 8 x per ring {)
= 2 x per pedal (vertical split) {, il 1\

Any two hits from the BSC1 outer pedals on opposite sides of IP, consistent with the time
difference of 73 ns (twice distance from BSC1 to IP) are used as a beam halo veto
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Beam Movement Detected by BCM1F

during Collision Run
o

= Relative response of the four diamond sensors placed at ¢=0° 90°, 180°, 270°
around beam-pipe is sensitive to beam movements

-Z plane

hits
g _ 200 Equal response of all sensors
L — Above E . g
3 2000 sl E %§§§ = beam @ nominal position
b F — Outside ] I
2 1500 —msie 3 1600 (center of beam pipe)
5 5 I 1200
1000 | = | || 1000
- E E Inside Below ggg
S ousse Q20 Increased response in one of
1620 1625 1630 1635 1640 1645  16:50 roove 0 the sensors Compared to
0312 03-12 03-12 0312 0312 0312 0312 . .
others indicates movement of
2 pane beam towards this sensor
€ 2500 F— avove | T 3
8 E — Below ]
ﬁ 2000 | — Outside -
8 F — Inside 3
£ 1500 2 3
1000 |- w N Beam moved away
500 £ i 3 s W  from LHC ring center
Above

D- 1 1 1 1 D
16:20 16:25 16:30 16:35 16140 16:45 16:50

0312 0312 0312 0312 0312 0312 0312

http://www.desy.de/~rasp/bcm1{ beam movement.gif
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dE/dx Measurements

GMS prellmlnary
= 10 2
S —— Fit to reference Data
% 9 Extrapolation l
5 8
= M = P\/(dE/dx - C)/K —
g 7 w!th K= 2216 +-0.008 E
= with C = 2.825 +-0.010 _
Ll —
3 6 i
g . =
4 a2
3 1
2 1 A
1
0005 1 152253354455
p (GeV)
‘é\ 1 0 CM-r:“..InIIT‘lalll—lyl TTTT T T T T T T T T T T T T T e T
S ol '_ . Fit to reference Data
% 9 o T Extrapolation %I
= 8 [l =\ =
= X M= {dE/dx - C)}/K q 4
g 7 l' . w!th K= 2.468 +-0.009 1 4
5 JR X a with C= 2.679 +-0.011 1
L .
5 6 e
< 5 1
4 =
3 - — |
2
1
%05 1482283384455
p (GeV)

10°

10?

10

1

10°

102

10

» motivation : search for Heavy Stable (Long-lived)

Charged States

dE 2

* — =K—=+C reproduces Bethe-Bloch with accuracy

dx

better than 1% for 0.4<8<0.9

» Parameters K and C are regarded as universal
extracted from the fit to the proton line
momentum restricted to [0.7,1.0] GeV/c

CMS preliminary
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Mass reconstructed from
dE/dx measurement

p<2GeV, dE/dx>4.1 MeV/
cm

Separately fitted K and C
for data and MC

Clear peaks corresponding
to kaons and protons

Additional peak attributed
to deutrons (not visible in
Monte Carlo)



Particle Flow Commissioning
S

= Efficient track-cluster association is prerequisite to avoid
double-counting of energy!

Track-cluster distance distribution : AR =VA¢? +An’

_E 104 ................ i % 1n‘| ................... i
& ~— 900-GeV Data & —— 900-GeV Data
= =
w10 , — Simulation w 10 AU A — Simulation
g | | 2 v L
E E
=3 =3
< 40 < 10
1 1
107002 0.04 0.06 0.08 01 012 0.14 016 015 0.2 10701 02 03 04 05 08 07 08 09 1
A R (Track-ECAL) AR (Track-HCAL)

Agreement with simulation validates track cluster link efficiency, alignment between
tracker and calorimeters and energy sharing between ECal and HCal

3/09/10 Alexei Raspereza, DESY



Dimuons in First Collisions

= Expectation for dimuon events in
first collision data
Global muons alone 2 GeV < m < 4 GeV

u
" 0.07 dimuons @ 900 GeV
" 0.01 dimuons @ 2.36 TeV

= Considering only global muons,
S/B in the mass window 3.0-3.2 GeV
is 14/1

Three opposite sign muon pairs are
observed after dedicated selection

One dimuon has mass 3.04 GeV
Vertex fit probability = 57%

firstmuon  : global muon, X*/ndf=0.97
second muon : global muon, x?/ndf= 0.46

10 10
= If we see opposite g 9— CMS Preliminary 2009 g 9— CMS Preliminary 2009
sign muon pair with E = s = 900 GeV E 8 \s = 2360 GeV
3.0GeV<m <32GeVE
it is likely to be J/¥ oot or
candidate rather than . =
background muon pair 2 2
14 14
e 7 al 9 H'o'Hﬁ ) :'!il 5 6 7 z[] o 10 11
M [GeV] M [GeV]
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