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Outline

CMS Experiment at the LHC, CERN

Data recorded:2009-Dec-14 04:05:38.307318 GMT
un: 124120

vent: 9463533
LU section: 31
Orbit™ 31924351
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First collision @ 2.36 TeV

(z) CERN 2009. All rights reserved

* CMS and status at start-up

e Commissioning with LHC proton-proton collisions
e First CMS publication on LHC collision data
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Total weight 12500 t

Overall diameter 15 m The CMS de'teCtOr

Overall length 21.6 m
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Commissioning with Muons

> 1 million beam halo > 1000 beam splash (*)

Reconstructed l

muon track ]ﬂﬂ
1L

L ReconStriICted— ———

"

I1-Sep-2008 Run 62232 Event 1831882
Beam 2 captured

CMS invested maximum effort to understand detector performance before LHC start-up

e Cosmic Runs at Four Tesla (CRAFT) in Fall 2008 and Summer 2009:
two month-long cosmic data taking campaigns - 2x 300M events
with full detector and B field on

* Beam halo (mainly in September 2008) — alignment of End Caps

* Beam splash (17 in 2008, 1105 in 2009, 51in 2010) —»
synchronization of detector, uniformity of response

(*) LHC sector test dumping beam on collimator 150m away from CMS - O(100k) muons



Status in November 2009:
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LHC re-start

November 21, 2009
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First collisions 23 November
First stable beams 6 December
First 2.36 TeV collisions 14 December

Recorded 85% of delivered luminosity
Number of collected events:

3.9x10°~ 10 ub* @ 900 GeV
2.0x 104~ 0.4 yb' @ 2360 GeV
Tracker on, beam background rejected

Fully 'open’ trigger

Minimum Bias trigger rate 0.5-15 Hz

Quick analysis delivered preliminary
results within hours/days

First collision @ 900 GeV

Mon 23 Nov 19:21

Run 122314 Evt 1514552

7135



10 and n in ECAL:
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-> energy scale in data and MC agree within 2% (even at these low energies!) 8|35



More 110's
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I I SN pT(r0) > 1.5 GeV 9/35



Like photon conversions, look
more generally for neutral
particles that decay far
away (>1cmor so) from
primary vertex, to a pair of
oppositely charged tracks

e Useful to find weak decays of
Ks (and A°) to Tt (or pTT)

Track requirements: 26 hits and X?/dof < 5
d,/o(d,) > 0.5.

Vertex requirements: x?/dof < 7, >150 separation
from beam spot in radial direction. No daughter
track hits >40 inside of vertex




First K and N peaks
presented within hours
after first 900 GeV run
with magnet on!

Peak shape and S/B
agree beautifully
between data and MC

Momentum scale
correct to better than
0.1% (PDG/data and
data/MC)

—> confirms excellent
knowledge of B field
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Cascade baryon and K*(892)
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Again: excellent agreement peak
position with PDG mass

-
rimary vertex K f
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[Analysis details in backup slides] 12/35



Towards b-tagging:

: { 1cm Getting closer to the primary vertex

Primary
Vertex

Secondary vertex with 4
tracks

Vertex x}/ndf =1.67/5
Vertex mass: 1.64 GeV/c2

Transverse decay length
significance: Lxy/o =0.12/
0.019[cm] = 6.6

All other tracks

Pt > 500 MeV 3D decay length significance:

L3D/o = 0.26 [ 0.037 [cm] =
7.0

;1 CMS experiment at LHC, CERN
“ | Run 124022 / Event 13598392
2009-12-12 00:26:16 CEST

| Four Tracks Secondary Vertex
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B-tagging variables

g S Prelmnan e basic variables relevant for b-tagging
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ST Y — ty
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g ] -
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] - [ —
:::u ] | a5 IE
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5 6
no. of tracks at SV

Number of tracks in Vertex
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Kpd
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Intermediate Summary

*Good understanding Electro-Magnetic calorimeter: energy
scale for low-pT photons correct to 2% level

eBeautiful performance of the tracker - Weak decays confirm
momentum scale for low-pT tracks (B field) to 0.1% level:

Mass bias
(mass,,,, — mass,,;) — -0.37+0.07 |0.04+0.06 |0.0+0.9 |-4.0+3.1 |-0.22+0.26
(mass,,. — mass,_,) MeV MeV MeV MeV MeV

Ready for Unification...

(Rencontres the Moriond ElectroWeak
and Unified Theories)
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Unification of
calorimetry and tracking

(to further improve the capability of CMS to measure ElectroWeak processes and
detect potential new signatures of Unified Theories)

. . 7% Run 124120, 36 TeV data
*Particle Flow approach: link  EARys=es oo
tracks to calorimeter clusters % or 415 6V
to reconstruct individual mSThVol | A
photons, charged and neutral S N
hadrons — to optimize energy
resolution and particle ID

*CMS is ideally suited:
Powerful B field+ tracker

*EM calorimeter with fine
granularity

pr 21.8 GeVAe

Jet algorithm: Anti-Kt 5
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Eta-phi view

QO Q
o

Jet 1 FEH T
5 By = 22 GeVHE + o ,
e Jet 2
pr =42 GeV/c

SRPIDSEHELAR.C LHRE

Py

2 pr=38GeVic o O
MET = 1.9 GeV 258

CMS, December 2009, 2.36 TeV
Run 124120 / Event 6613074
Particle Flow Reconstruction

s<iE
-4 -2 0 2

(n,$) view of a particle-flow reconstructed event. Reconstructed particles are represented as circles

with a radius proportional to their pT. The direction of the MET computed from all particles is drawn
as a solid horizontal straight line. Particle-based jets with pT> 20 GeV/c are shown as thinner circles

representing the extension of the jet in the (n,$) coordinates.

18



Linking tracks to Calo-clusters

The goal: improved jet (and MET) resolution, especially at low pT

| CMS Preliminary |

0.45
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5 :
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= | 1
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MC and data
—a— Q0-GeV Data
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1
mdl] o1 02 ©03 04 05 06 07 08 0.9 1

A R (Track-HCAL)
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Particle Flow and HCAL calibration

a3
=

[ ]
h

=__|_IEII!IIII!IIII!IIII!IIII!IIII!

——900-GeV Data | _#i..-

—— Simulation

ka2
=

.

o E

-
h

Calibrated Calo Energy (GeV)

= Fittothe data | ..

=%
=

HCAL + 30%

h

__CMS Preliminary 2009

15 20 25 30
Track momentum [(GeV/c)

=
-
=

e Compare calorimeter cluster energy to track momentum
(integrated over full tracker acceptance |n| < 2.4)

e Calibration in simulation and data agree to 1.5 + 4%

* This implies that HCAL calibration scale agrees within ~5%, ..



g Jets EM

Using the anti-kT (R=0.5) jet algorithm Tracks

Jet 1 2 ~

Three kinds of inputs:

eCalorimeter Jets

*Inputs: Calorimeter Towers

«E; tower thresholds

run 124009: evt 10872958

Use superior resolution
of tracker (at low pT) to
improve jet resolution

Combine tracking and

calorimetry for all

particles in the event
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Calorimeter
Ve = 900 Gev CMS preliminary
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Missing E.

e Raw calorimeter missing E; is already rather stable vs time

£ RMS [GeV]

P
o

—
o

0.

3

[

5

* Investigation of outliers — identification and cleaning of 3 types of

noise: HF (particle hits PMT window), correlated HCAL noise
(specific pattern) and occasional ECAL single hot channel:

w T TTT TTTT

- CMS Preliminary 2000 = = | ] e

- \/5=000 GeV . 2

Z . w10*
N . ©

i ] 310°
N N B g

F I . e ] <102
- _ - 10
- full running period -

- ] - ] | - ] | - ] - ] ] - ] . | ] | - ] ] 1

TR R R PR TR TR TR B R R R B3,

Run Number

IIII|IIII|IIII|IIII|IIII|IIIIE

CMS Preliminary 2009 5
\/s=900 GeV

data vs data
Mo cleaning
I:l After HF noise cleaning

After HF+ECAL noise cleaning

A1

10 20 30 40 50 60 70 80

E[GeV]

<31 35>



Missing E.

Calorimeter Track-corrected MET Particle Flow

} EI TT | | | TTTT I TTTT I TTTT | TTTT | TTT IE } TTT | TTT | TTTT | TTTT | TTTT I TT I-I I.I TTT | TT IE > TTT I TTTT I TT T 1 | TTT1T | T T 11 || T 11T | TTT || TTT :
o) E CMS Prellminary 2009 3 ()] CMS Preliminary 2009 gy CMS Preliminary 2009
o ¢p \S=900 GeV (O \5=900 GeV 21 O 0! \5-900 GeV -
= 1045 = — 10 E <I E
o E & o
5103— ——Data 5103 ——Data - “; 102 ——Data
o 10E []simuaton |7 O [ simulation ‘5 I simulation
5L ° -
> 10k ] 2 o 10° E
4] E 3 [0)] L — =
et : : '
3 10g ] 57 2 1 E
Z E i Z [=
e } i =
15_ = 1 =
E | | | | | | | o 107 L L '
10“,3 5 10 15 20 925 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Calo E, [GeV] tck, [GeV] pfEE, [GeV]

Even in this early stage, without final detector calibration,
the missing E is well described in simulation, and tails are

small !
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Missing E. significance

In these events, no real MET (from neutrino's or other invisible particles) is
expected, so any observed MET is a measure of the resolution:

% 12000 CMS Preliminary 2009 S °Fems Preliminary 2009
QO Simulation, PF e C
: T e b
. 10000 900-GeV data, tc e
o Simulation, calo -
- o 900-GeV data, calo 4
é 8000 :
S 6000 o
2 -
4000 2e
| - e « 900-GeV data
| 1
2000'. i o ?ﬁ = Simulation
R R R B v v e e B e e e D)
E_I;_I"IiSS,EET EE—F [Ge
missy __
SumeE; > 3 GeV U(Ex,y )=a®db ZET
Particle-flow based MET relative le-flow based
resolution is about twice as Particle-tflow based MET:
good as for Calorimeter-only a=0.55GeV
MET b=45%
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Di-muon event in the EndCaps

T1EM CMS Experiment at the LHC, CERN

Pl

e

— Data recorded:
Run:

Event:

Lumi section:

Orhit:
Crossing:

(o) CERM 2009, Al rights reserved.
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1 event observed in mass window 2-4 GeV
S/B between 3.0 and 3.2 GeV ~ 16/1

CMS Simulation 2009
Min bias

simulation 2360 GeV



The First CMS physics paper
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distributions of charged hadrons in pp collisions atc
am = 0.9 and 2.36 TeW
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*Hadron production in soft pp “® T ems

«_ 10 E
collisions cannot be calculated L [ " Data0oTev
perturbatively and has to be & 1 7 Daaz3B TV
measured in data and modeled o o

. ge]
phenomenologically g5 |
\Eo 102 =
Important for high-luminosity LHC ~ “6 __,
runs with pile-up andrelevantas o
reference for heavy ion physics & 10%¢
10—5_ C e b b b b b L
. : . . 0,05 1 15 2 25 3 35 4
*Various processes involved: elastic, f p. [GeVie]
single-diffractive, and non-single- |
diffractive (NSD)= double very low p; = a big Cha?'e”gef_
diffractive + non-diffractive - aim for tracking: 0.1 Gev/cin a B eld
of 3.8T corresponds to a bending
to measure the NSD component radius of ~8 cm
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dN/dpT in bins of eta:

60||||||||||||||||||
~ (a) o Data 2.36 TeV CMS |
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pT[GeVIc:]

o | Inl=2.3
- ml=2.1
- Inl=1.9
1 =17
| mI=1.5
{ =13
= | Mi=1.1
=] InI=0.9

n|=0.7

=0.5

] mi=0.3
1 mi=0.1

dN/dp, results

Integral for |n|<2.4

107°

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|_
~ (b) CMS

E
."

¢ Data 09 TeV

RN O Data2.36TeV

0 05 1 15 2 25 3 35 4
P, [GeV/c]

Fitted with the empirical Tsallis function (exponential at low p;, power law at
high p;). Integral used for dN/dn particle count (5% correction at low p-)

<p;> = 0.46 = 0.01(stat) £ 0.01(syst) @0.9TeV
<p;> = 0.50 £ 0.01(stat) = 0.01(syst) @2.36TeV
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Pixel detector: 53.3cm long,

3 layers with radii: 4.4, 7.3, 10.2 cm

pixel-counting

p; > 30 MeV/c

Clusters per layer

In|<2

3 measurements of dN/dn
Immune to mis-alignment
Simplest method

Requires noise-free detector

Tracklets

p;>75 MeV/c

2 of 3 pixel layers

In|<2

3 measurements of dN/dn
Sensitive to mis-alignment

Three methods for dN/dn

Tracks

Over 50% Efficient for p; >
0.1,0.2,0.3 GeV/cform, K, p

Full tracks (pixel and strips)
In|<2.4
dN/dn and dN/dp;

Sensitive to mis-alignment
Most complex
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n

3 methods give consistent results.

Error bars show systematic errors
(ranging from 4.4% to 2.4%),
excluding common contributions

N, /chn

dN/dn Results

6 T | T T T I T ] I |
"~ (b) CMS
5 - ]
i — o o o O - 4
O O N
oL ! -
: () ﬂ.:l D|E| | | DID EF EDD Bl :
_DDD. |. .[%DID%DE.?.‘T\ o
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2- 0.9 TeV 2.36 TeV o
B ® 0 CMS NSD
1 L A ALICE NSD |
i o UAS5 NSD i
i | 1 1 1 | L 1 1 I
0
-2 0 2
M

The 3 CMS methods are averaged. Shaded
band indicates systematic error, of which
largest part is due to uncertainty in SD/DD
contamination (2%). UA5 and CMS results are
symmetrized in . UA5 and ALICE errors are

statistical only 32/35
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Variation of dN/dn with center-of-mass
energy.

dN/dn(@2.36TeV )/dN/dn(@o0.9TeV ) =
(284+1.4+£26)%

significantly larger then prediction from
PYTHIA&PHOJET tunes used in the

analysis 18.4% & 14.5% 33/35



Summary

*Many results from a small cgaﬁm”afﬂc
sample (~1oub-1) of data E—% % T F
] = Gh}? ET10 : st
*Equivalent to < 1/1000 of a k. uA4's o
1
second of LHC data at b - ©°% | | 23-Nov-09
design luminosity! oor » dﬂﬁﬁiﬂm
o = F .
-Sta.rted cc.)mmlssmnmg.key Bl /@ A 14Dec0s
ingredients for physics A -
analysis, with excellent & RS el -
©
results so far e o UA1/2 *
. — m,,.= ;':'5 GeV “”}\k : -
*But: still many orders of L oy
. I .
magnitude away from .y /@/ Spring-2010
normal physics operation . s N S
i : & =10
e Expect a million times more v . . . ; © O8R4l :mH=180 Gev
' 0.001 0.01 0.1 1.0 10 100
data (~10pb-1) very soon! 5 Ty =011




CONCLUSION

*CMS arrived prepared to first collision data and was ready to
quickly analyze the data and to produce physics results

*We understand our detector: amazing agreement with
simulation without further need of tuning, thanks to many
years of preparation with test beams and cosmic runs

First paper on collision data is published, 5 other papers are in
preparation

*Excellent detector performance shown with high data quality
*Looking forward to (lots of) 7 TeV data
*Ready to explore the Standard Model in a new energy domain

*Prepare for searches
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BACKUP SLIDES

Beam splash Event February 28, 2010

LMz Experiment at the LHG. CERN
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09-002
09-003
09-004
09-005
09-006
09-007
09-008
09-009
09-010
09-011
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09-018
09-019
09-020
09-022
09-023
09-025

More Information:

CMS overview of published and preliminary physics results:
http://cms-physics.web.cern.ch/cms-physics/CMS_Physics_Results.htm

23 CRAFT performance papers submitted to JINST:

Commissioning and Performance of the CMS Pixel Tracker with Cosmic Rays

Commissioning and Performance of the CMS Silcon Strip Tracker with Cosmic Ray Muons

Alignment of the CMS Silicon Tracker During Commissioning with Cosmic Ray Particles

Performance and Operation of the CMS Electromagnetic Calorimeter

Measurement of the muon stopping power of Lead Tungstate

Time Reconstruction and Performance of the CMS Electromagnetic Calorimeter

CMS Data Processing Workflows During an Extended Cosmic Ray Run

Commissioning of the CMS Experiment and the Cosmic Run at Four Tesla

Performance of the CMS Hadron Calorimeter with Cosmic Rays and Accelerator Produced Muons
Performance study of Barrel CMS Resistive Plate Chambers with Cosmic Rays

Performance of the CMS Cathode Strip Chambers with Cosmic Rays

Performance of the CMS Drift Tube Chambers with Cosmic Rays

Performance of the CMS Level-1 Trigger during Commissioning with Cosmic Rays

Performance of CMS Muon Reconstruction in Cosmic-Ray Events

Precise Mapping of the Magnetic Field in the CMS Barrel Yoke using Cosmic Rays

Alignment of the CMS Muon System with Cosmic-Ray and Beam-Halo Muons

Aligning the CMS Muon Chambers with the Muon Alignment System during an Extended Cosmic Ray Run
Performance of CMS Hadron Calorimeter Timing and Synchronization using Cosmic Ray and LHC Beam Data
Identification and Filtering of Uncharacteristic Noise in the CMS Hadron Calorimeter

Commissioning of the CMS High-Level Trigger with Cosmic Rays

Performance of the CMS Drift-Tube Chamber Local Trigger with Cosmic Rays

Calibration of the CMS Drift Tube Chambers and Measurement of the Drift Velocity with Cosmic Rays
Fine Synchronization of the CMS Muon Drift-Tube Local Trigger using Cosmic Rays

http://arxiv.org/abs/0911.5434
http://arxiv.org/abs/0911.4996
http://arxiv.org/abs/0910.2505
http://arxiv.org/abs/0910.3423
http://arxiv.org/abs/0911.5397
http://arxiv.org/abs/0911.4044
http://arxiv.org/abs/0911.4842
http://arxiv.org/abs/0911.4845
http://arxiv.org/abs/0911.4991
http://arxiv.org/abs/0911.4045
http://arxiv.org/abs/0911.4992
http://arxiv.org/abs/0911.4855
http://arxiv.org/abs/0911.5422
http://arxiv.org/abs/0911.4994
http://arxiv.org/abs/0910.5530
http://arxiv.org/abs/0911.4022
http://arxiv.org/abs/0911.4770
http://arxiv.org/abs/0911.4877
http://arxiv.org/abs/0911.4881
http://arxiv.org/abs/0911.4889
http://arxiv.org/abs/0911.4893
http://arxiv.org/abs/0911.4895
http://arxiv.org/abs/0911.4904
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Primary Vertexing
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Impact Parameter [cm]
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o PrimaryVertex

— Commissioned method for determination of

LHC beam spot, important for:

*Initial guess of interaction point, before
primary vertex fit

*As vertex constraint in High Level Trigger
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Lifetime Measurements

Monte Carlo is simulated with the same conditions as in data.
* Data and MC are split into bins of ¢T and a fit for the yield is performed in each bin.

* Divide MCyields by true (exponential) distribution to obtain correction factor.

* Correct data and fit for lifetime.

PDG: 89.53 + 0.05 ps PDG: 263.1 + 2.0 ps
CMS: 89.80 + 2.10 ps CMS 271 0 + 20 ps
|||||||||||||||| e T T 171 T T 11
% - (l:MS Préliminarl'y x* | ndf 8.13/8 [c CMS Prellmlnary | %;f ndf 71:(:3
> \S = 900 GeV PO 8.01%0.92 > 3 \'s = 900 GeV : s) 2714195
= t(ps)  89.8+2.1 = 10°E (ps) £19.5
)] g = _
% | ® ]
= | OE N
o w
X <
2 S S
_.Q_,') 10 - ] -'6
S T - @
£ ] =
5 : —s— Corrected data : o —s— Corrected data
O I _ O
| —— Exponential fit i 102 — —— Exponential fit -
ool v v b b v b v b g g ad _lll|||||||||III|III|III|III||||:|
0 1 2 3 4 5, 6 7 0 2 4 6 8 10 12 14 16
Ks ct (cm) A’ ct (cm)

= accurate tracking and vertex simulation, even outside the beam reglon



Cascade Baryon signal

All 3 tracks must have > 6 hits
and miss primary by 30 (in 3D).
/\° vertex must be separated by
100 radially from beam spot,
have X?< 7, and track hits no
more than 40 inside.

/\° candidates must be within 8
MeV of PDG mass.

Constrain A% mass in vertex fit.
Fit probability > 1%.

Candidates / 5 MeV/c?

—
o
| I

w
o
| |

20

O | | |

: I | I T T T | T T T T
| Yield: 49.7 + 9.0
il Mean: 1322.8 + 0.8 MeV/c?

Width: 4.0 + 0.8 MeV/c?

:| PDGZ" mass: 1321.71+ 0.07 MeV/c?

CMS Preliminary

Vs = 900 GeV and 2360 GeV |

| | | |§ |
1300
A’ (+ c.c.) invariant mass

1350

Data mass 1322.8 £ 0.8 MeV is consistent with PDG value

(1321.71 £ 0.07 MeV).

Data width 4.0 £ 0.8 MeV similar to MC (3.6 £ 0.1 MeV).
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K*(892) signal

Basic idea: combine K, candidates with
charged tracks from the primary vertex.

K, requirements:
*Tracks have = 6 hits, normalized x?< 5, d_/o(d,) > 2.

*Vertex is > 150 from beam spot (radially), does not have
track hits > 40 inside of position, has x°< 7.

K. 3D momentum vector passes < 2 mm of primary.

e[nvariant mass within 20 MeV/c2 of PDG value.

Pion requirements:
*Normalized X? < 2 with > 7 hits and > 2 pixel hits.

*p; > 0.5 GeV/c, |n|<2, d,<2mm, [d,|<3mm.
4235



The K*(892) resonance

data MC

E}4u[}?llI|tI:HSI|PIrI.EI-IIir!r:i;1;r|¥.IIII|||||||||| TTTTTTTTI II_I; Edﬂu?llléﬁsllpllllelllll!r.ll;llall;l||||||||||||| TTTTTTTTT IL;
o 350E o o 350 =
i i :
= 250— — = 250— —
= — — c - -
W 200E- 5 Y00 =
150 :_ Data 900GeV and E.WEV_: 150 :_ . MC 300GeV and 2.36TeV _:
= K*(892)* — Kln* = = K*(892)" — Klnt =
100 N =780 +68 = 100 N=697 + 16 =
505 m = 888 + 3 MeV E = m=8919+09MeV =
le l |||||||||||||||1-|"l-lmleﬁ}ll?crllll||||||||: E| I |||||||||||||||‘ Ieﬁllllqllllllllllll:
6 065 07 075 08 085 09 095 1.05 B_E 065 07 075 08 ﬂﬂﬁ 09 095 1.05
Km invanant mass [GeV] Kr invariant mass [GeV]
*Relativistic Breit-Wigner for signal 1
) 1\ )
. . . - +
with the width fixed to PDG value. (m I ) o
*Background function: U am, +m, - n 0ol

ﬁl'”pﬁ
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Photon Conversions

CMS Preliminary

:

=

# of Conversions
3
=

400

200

10
Radius (cm)

CMS Preliminary

y (cm)

IIIIIIIIIIIIII-IIIIIlIIIIIIIIIII

18-fold structure is from cooling pipes
Smeared by radial resolution ~ 0.5cm
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Nuclear Interactions

E :IIII TTTT TTTT IIII|IIII|IIII|IIII|IIII|IIII:—8_||J||._|||||||||.|.||j||||||||-| |_|||_
S CMS Preliminary |5 ECMS Preliminary - Pixel Barrel Map-
2 12I'.'I_— — > 6~ . T . —
S - ] - ]
E 100l Tracker EndCaps Map_— 4l =
& - « Data . - -
3-; 80 Emc 1 % E
E - 1 ob =
= 60— 7] N ]
- 1 20 .

“r 14 ]
20~ 1 e -

: -8:| [ B .| L1 | ] .| Ll .[-- PPN ISR I |.-| 1

O 40 20 30 40 50 60 70 80 90 B8 -6 4 2 0 2 4 6 8

|z] [em] X [em]

Resolution of the vertex ~ 500 um

Good agreement between data and MC
means a good understanding of the material budget
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Electrons

0 T T
=160
% C
Msc| CMS Experiment at the LHC, CERN (i o 140~
- Data recorded: 2009 Dec-11.23.26:16 323226 GMT = - C
Fvent 8325178 A B 120

100

o
o

Lumi section 71
Orbit 73894545
Crossing 51
/
/
/
f

~
o

Nb. of ele. candidate
S S8

T T T = g T T T T T T T T
CMS Preliminary 2009 =) = CMS Preliminary 2009
Vs = 900 GeV 2 gof- < = 900 GeV 3
EhDdéga ] na C —&— Data 3
Sk, 4 S =,
] 2 6o} =
7 1] o ]
© 50F =
1 ot z
] o 40 3
] Y— - .
© 30f =
1 a - ]
4 20:— E
E 10f- =
P IR RN I B -+
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(e}
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2.5 GeV eIectron candldate Wlth
bremsstrahlung

Low statistics for signal in these data

Comparison with MC performed mainly for
background (only 1/3 of electron candidates
are electrons, mostly from conversions)

Commissioning will continue in the next run
Agreement with MCis promising

O L TR B
GeV/c 0 0.5 1 1.5 2 25 3 35 4
\ P ( ) N 2

low pT Good agreement
Track and
Calorimeter cluster

Reconstructed electrons candidates
combining two seeding algorithms
« “ecal driven” optimized for W/Z
electrons, starting from clusters of
energy > 4 GeV
“tracker driven” more suitable for
low prelectron and electrons in jets
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Jet Corrections

*Derived from Pythia QCD simulation @ 900 GeV and 2360 GeV

*Derived for and applied to calorimeter jets & particle-flow jets

Jet Energy correction factor is function of jet pT and n:

Calorimeter jets Particle Flow jets
6 L L I LI | T T T 1T I T T 1T 1 I T T T T | T T T 171 ] B LI I LI I LI I T T T T I LI I L
[3) CMS preliminary \'s =000 GeV/ i L) 5 M5 preliminary \'S =900 GeV .
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D - o Rawjetp =13 GeV ] ° i - Rawjetp =13 GeV i
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Jetn Jetn
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Fraction of tracks

Tracking Quality dN/dn
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Event Selection dN/dn

*Aimed at selecting NonSingleDiffractive events with high
efficiency (rejecting a large fraction of SingleDiffractive).

Efficiencies:

*NSD: = 86% NSD are chosen to minimize effect of model dependence
. of the corrections and allow comparison with previous
*SD: =19% experiments

*DD: = 34%
* = 10 Hz collision rate (pile-up probability < 2 x 104)

*Event selection common to the 3 methods requiring: BRSC

*Trigger level: at least 1 hit in Beam scintillation e _
counters AND coincidence with beam
pickups (BPTX)

*>3GeV total energy on both sides
Forward calorimeter (HF)

*Beam halo rejection
*Beam background rejection
*A collision vertex




dN/dn: systematic uncertainties

Table 3: Summary of systematic uncertainties. While the various sources of uncertainties are
largely independent, most of the uncertainties are correlated between data points and between
the analysis methods. The event selection and acceptance uncertainty is common to the three
methods and affects them in the same way. The values in parentheses apply to the (pr) mea-
surement.

Source Pixel Counting [%] Tracklet [%] Tracking [%]
Correction on event selection 3.0 3.0 3.0 (1.0)
Acceptance uncertainty 1.0 1.0 1.0
Pixel hit efficiency 0.5 1.0 0.3
Pixel cluster splitting 1.0 0.4 0.2
Tracklet and cluster selection 3.0 0.5 -
Etficiency of the reconstruction - 3.0 2.0
Correction of looper hits 2.0 1.0 -
Correction of secondary particles 2.0 1.0 1.0
Misalignment, different scenarios - 1.0 0.1
Random hits from beam halo 1.0 0.2 0.1
Multiple track counting - - 0.1
Fake track rate - - 0.5
pt extrapolation 0.2 0.3 0.5
Total, excl. common uncertainties 44 3.7 2.4
Total, incl. common uncert. of 3.2% 5.4 4.9 4.0 (2.8)
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dN/dn: DD/SD/NSD fractions

Table 2: Expected fractions of SD, DD, ND and NSD processes (“Frac.”) obtained from the

PYTHIA and PHOJET event generators before any selection and the corresponding selection ef-
ficiencies (“Sel. Eff.”) determined from the MC simulation.

PYTHIA PHOJET
Energy 0.9 TeV 2.36 TeV 0.9 TeV 2.36 TeV
Frac. Sel. Eff. | Frac. Sel. Eff. | Frac. Sel. Eff. | Frac. Sel. Eff.
SD 225% 16.1% | 21.0% 21.8% | 18.9% 20.1% | 16.2% 25.1%
DD 12.3%  35.0% | 12.8% 33.8% | 84%  53.8% | 7.3%  50.0%
ND 65.2% 95.2% | 66.2% 964% || 72.7% 947% | 76.5%  96.5%
NSD 77.5%  85.6% | 79.0% 86.2% || 81.1% 90.5% | 83.8% 92.4%
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dN/dn: Tsallis Function

E

3 2
/ Ngh = L EdNay =C(n,T, m)dNth 13 E1 @
dp 2rtpT pdnydpr dy !

S
Limits: /
* exponential at low p;

* power-law at high p+
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dN/dn: Model Dependence
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Corrections based either on PYTHIA or on PHOJET event
generators yield the same final result
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Differential yield of charged hadrons in
different n bins (vertically shifted by 4
units). Points fitted with the empirical
Tsallis function (exponential at low pT,

Tracking Method

*

Tracks

Use all pixel & strip layers
Acceptance (|n|<2.4, >50% for
p.=0.1,0.2,0.3 for 1T,K,p)

Compatibility with beam spot and
primary vertex is required

Low fake rate (<1%) achieved with
additional cleaning on cluster
shapes

Immune to beam background
More sensitive to beam spot &
alignment

power law at high pT) ———® Integral gives hadron count (a 5% correction)

57 /35



Tracking Method: efficiency

Algorithmic efficiency
Algorithmic efficiency
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Pixel Cluster Counting

P e B L R .
@ L CME pixel-counting
L R Counting clusters of pixel hits in pixel
S i barrel layers (acceptance p.>30 MeV/c
ag[aerene- . P I T
_----I|]|]|I][||1 ----------- S - S s ||]E]]||---_ |r]|<2)
e HI']EE}E”' '::.—'\ Applying a cut on cluster length = |
e L sinh(n)| to eliminate loopers and
el il secondaries (shorter clusters)
| - o somcone oo e T T 0o T ese oo moeacimco- Corrections for |00pe rs. weak decays
|- sonpgmgno g oot s O [T sousocosuncd o 0 e | . ! !
Lt e secondaries

L S L N T = +

-3 -2 -1 0 1 2 3

Independent results for the 3 layers
agree

Insensitive to detector misalignment,
sensitive to beam background
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Tracklets Method

1__IIII IIII|IIII|I

E (b) cms 7
® Data0.9TeV ]| Tracklets
O Data2.36 TeV 1 ] ' )
—epymiinostev 1 | racklets: pairs of clusters in 2
o' T Friazss eV different pixel barrel layers
a === Primaries in MC 7

(acceptance p>75 MeV/c |n|<2)

\An| and |Aop| between clusters
are used to select signal from
primaries

Combinatorial background is
subtracted using Ao sidebands
Corrections are applied for
efficiency, secondaries, weak
decays

Less sensitive to beam
background

Fraction of tracklets
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CRAFT: Calibration

An excellent understanding of muon response in calorimeters

*Hadronic calorimeter: good agreement  eCrystal calorimeter: first

data and simulation over large measurement of muon critical
momentum range energy in Lead Tungstate:
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CRAFT: Muons

http://arxiv.org/abs/0911.4994
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CRAFT: Alignment =

http://arxiv.org/abs/0910.2505 tOp
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CRAFT: Magnetic Field
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CRAFT: Muons
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