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The CERN Large Hadron Collider

9300 Superconductor magnets

1232 Dipoles (15m,1.99K) 8.4Tesla 11700 A
448 Main Quads, 6618 Correctors.
Circonference 26.7 m

= ATLAS ALICE
. Point 1 == Point 2

Collisions at LHC

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10% eV)
Luminosity 10* cm?s™

¢ st
Bunch %:f Crossing rate 40 MHz
Proton Collisions rate ~ 107- 10°Hz
Parton

{quark, gluon)

New physics rate ~ .00001 Hz

Partkcle) 4 LS ' Event selection:
= 1in 10,000,000,000,000




pp cross-sections and minimum bias

# of interactions/crossing:

Interactions/s: Ginel (pp)=80 Mb@14TeV

P R LA LA AL IR WA WAL IR IR
Lum = 1034 cm2s1=10’mb-1Hz [ S S :

Ginetl(PP) = 80 mb
Interaction Rate, R = 8x108 Hz
Events/beam crossing:
At = 25 ns = 2.5x108 s
Interactions/crossing=20
Not all p bunches are full “
2835 out of 3564 only T BT T M W e T SO e ey
Interactions/"active” crossing = A A

-
<
N

Cross section (mb)

= 20 x 3564/2835 = 25 T T T T

192 30 i i’ 10
Center of mass energy (Ge\J




Impact on detector design

CMS detectors must have fast response
Otherwise will integrate over many bunch crossings
— large "pile-up”
Typical response time : 20-50 ns
—integrate over 1-2 bunch crossings
— pile-up of 25-50 min-bias
— very challenging readout electronics
CMS detectors must be highly granular
Minimize probability that pile-up particles be in the
same detector element as interesting object
— large number of electronic channels
— high cost
CMS detectors must be radiation resistant:
high flux of particles from pp collisions
— high radiation environment



CMS,/!
| Signal and background > £=103% cms!

Fermilab &SC
CERN l LHGl

Cross sections for various physics processes

vary over many orders of magnitude i

Higgs (600 GeV/c?): 1pb @1034 2102 Hz  1mol

Higgs (100 GeV/c?): 10pb @1034>0.1 Hz -

t t production: >10Hz _ |

W- /v >102 Hz ¢'"°

Inelastic: >100Hz 5 |

Selection needed: 1:1010-11 Mb:

Before branchmg frac'rlons... B
mio-z 0.0017 0.01 V%I Te\:.D 10 100
"o e = Needle in a Hay Stack

W_"ZTWW

vy |

Events/s for &= 10%* cm2 s~



CMS: Detector Requirements

> Excellent muon identification with precise
momentum reconstruction

> Efficient and high-resolution tracking for particle
momentum measurements, b-quark and t tagging,
vertexing (primary and secondary vertex)

> Very good electromagnetic calorimetry for
electron and photon identification

> Ermetic hadronic calorimeter jet reconstruction
and missing transverse energy measurement



CMS (Compact Muon Solenoid)

The CMS magnet is a superconducting solenoid around which the full detector has been
built. The coil has an overall length of 13m and a diameter of 7m, and a magnetic field
about 100,000 times stronger than that of the Earth. The magnet stores enough
energy to melt 18 tons of gold and has the largest coil of its type ever constructed
and allows the tracker and calorimeter detectors to be placed inside the coil, resulting
in a detector that is, overall, "compact”, compared to detectors of similar weight.
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Total weight
Overall diameter
Overall length

Pixel
Tracker
ECAL

HCAL
Muons
Solenoid coil

15 m 76k scintillating
21.6 m ECAL PbWO, crystals

HCAL Scintilator/brass
interleaved

AT Solenoid

Muon
End-Caps

Pixels & Tracker

* Pixels (100x150 um?)
~ 1 m? 66M channels
« Silicon Microstrips
~ 210 m? 9.6M channels

MUON BARREL
Drift Tubes (DT) and
Resistive Plate Chambers (RPC)
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CMS ready to take data

10/09/2008



v Alignements
v’ Calibrations

v Timing

~ 600 M events

x10°

250; Dataset: /Cosmics/Commissioning08-v1/RAW
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v Studies of magnetic field
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efficiency

Normalised VPT response
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CRAFT :Solenoid Field MAP

2010 J. Inst. 5 TO3021
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CMS 2008 ]

* [ata
— Simulation

2010 J. Inst. 5 TO3022

Good understanding of
muon reconstruction

l and resolution
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2010 J. Inst. 5 PO3007

CRAFT: other performance plots

2010 J. Inst. 5 TO3015
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CRAFT: Physics with Cosmics

arXiv:1005.5332

CMS 2006-2008 preliminary R‘Nu+/Np- CMS 2006-2008 preliminary
18— 18—

i - —4- CMS

-+ MINOS

| 4 Utah

| —+ OPERA

L < L3+C

- --- Schreiner et al

1.4 —- CMS Fit

n 1.6

1.2

10 102 10° 10 102 10°
p (GeV/c) p - cost, (GeV/c)
Measurement of the Charge Ratio of

Atmospheric Muons with the CMS Detector.
Submitted to Physics Letters B



Commissioning with Collisions

CMS Experiment at LHC, CERN

~ Data recorded: Tue Mar 30 12:58:48 2010 CEST
< Run/Event: 132440 / 2738170

\ Lumi section: 124

Orbit/Crossing: 32326252 / 1

CMS,

J23/11/2009
Vs = 0.9 TeV

014/12/2009
Vs =2.36 TeV

Vs =7 Tev 30/03/2010 first collision at y's = 7 TeV



Tracker Performance at /s = 900 GeV

Pixel: Charge Distribution Si-Strip: Charge Distribution o dE/dx
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Tracker Performance at Vs = 900 GeV

Primary Vertex
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K%, candidate event at /s 2.36 TeV

\

- _88Pixel module
- N

Secondary vertex

{ CMS experiment at LHC, CERN
4 Run 124120 / Event 7247137
K"5 Candidate at 2.36 TeV




Resonances @ /s = 900 GeV

(o]
o - : CMS Preliminary 2009 ] L) ST 8.13/8
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- - — = s= e
O 1 2; Mean: 497.58 + 0.07 MeV/c2 7| H; = © (ps) 90+ 21
S r 01:474+016 MeV/2 ] @ -
2 4 0, 1157057 MeV/c2 ] e | |
S " —1-(07+14)10™ A 3’
‘T 0.8 Mppg —
s K% 1 S K
L 0.6 Lifetime: ] 3 -
o CMS: 90.00 + 2.10 ps 1 ‘5 F e Corrected data
04K PDG: 89.53 + 0.05 ps O i
i i | — Exponential fit |
0.2 -
: : _IIII|IIII|IIII|IIII|IIII|IIII|IIII_
] 0 1 2 3 4 5 6

0 | | | | | | Iil | | | | | | | | | | | 0 7
0.4 05 06 0.7 Ks ct (cm)
' invariant mass (GeV/c?)

Excellent understanding of the momentum scale for low mass resonances

—> Accurate tracking, vertexing, alignment, magnetic field, ...



Resonances @ /s = 900 GeV
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Excellent understanding of the momentum scale for low mass resonances

—> Accurate tracking, vertexing, alignment, magnetic field, ...



CMS Experiment at LHC/CERN
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¢ — K*K~ using dE/dx

Entries 176229
Mean x 1.504

FS . - 7 “-|meany 2844
T RMSx 117 120

e e [s = 900 GeV

—100

- |l 8o

| ¢ »KKcandidates

—~ 600

-
="
y -
-
-
.

CMS Preliminary
900 GeV pp collisions

= Rejection of low P tracks (< 1GeV)
with dE/dx incompatible with the
hypothesis of a charged K (light

‘II'||¢II‘IIII‘III\|I

1318 +/- 95 ¢ candidates
M =(1.01937 +/- 0.00030) GeV
o =(1.69 +/- 0.50) MeV

band). 100 :_ Width fixed to PDG value
= |nvariant mass reconstruction for -
events passing the dE/dx cut 0 ; E (l)zl 1.(;4' 1(|)6 |1.68| — 1.I1 T2
KK mass (GeV)
0
K s 3 .A.’ ¢ mEn

> Validate Tracking, Reconstruction, Secondary Vertex Finding,
Magnetic Field, Material, Momentum scale
> Validation of MC



CMS preliminary 2009, 900 GeV data
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CMS experiment at the LHC, CERN

2, Date Recorded: 2009-12-12 16:58 CET
; Run/Event: 124024/1 4608879
Conversion candidate event

Vs =900 GeV

~ Electrons produced
at the same vertex.
Candidate properties
confirm the electron
hypothesis.

Electron tracks are shown in purple, and their superclusters in pink in the ECAL.
General tracks are in blue and tracker clusters (silicon strips) are shown by small squares.
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= 1 yield scale as expected versus =°



Transverse slice of CMS
Key:
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Electron

Charged Hadron (e.g.Pion)

— — — - Neutral Hadron (e.g. Neutron)
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CMS@LHC

Muons

Muon Detector

— | |

M CMS Experiment at the LHC, CERN |
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Pr(y) = 3.6 GeV, pr(p,) = 2.6 GeV, m(up)= 3.03 GeV
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Electron Particle Flow supercluster algorithm

ECAL
surface

_ Extrapolated
- track tangents

/

The GSF track extrapolation
is used to recover the electron

cluster

At each tracker layer a tangent
is extrapolated to the ECAL,
PreShower and HCAL surface

ECAL cluster associated

to KF tracks non identified

from converted brems are vetoed to
the PFlow SuperCluster

The PE S | i

region _is driven by the gsf

track

v' PF supercluster works better than the e/y supercluster for electron in jets.

v It works also at very low P;: with 4T magnetic field of CMS the radius of curvature is

~1m/GeV P; (supercluster extend in ¢ for 0.3 rad).




Electron candidates in Particle Flow

tracking algorithm: Gaussian-Sum Filter (6SF)

900 GeV data

- CMS Experiment at the LHC, CERN

1 Datarecorded  2009-Dec-11 2326 16 323226 GMT
Run 124022

Event B325178
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Orbit 73894545
Crossing 51
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Reconstructed e candidates combines two seeding algorithms:
* “ecal driven” optimized for high E; isolated clusters (W/Z .. H)
“tracker driven” bringing more for electrons at low pyor in jets



Electron reconstruction in Particle Flow
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—— 900-GeV Data
+ —— Simulation

CMS Preliminary 2009

Candidates

Tracker-ECAL energy matching
variables E, ,/p;, and E..../Pout 30
after identification selection cut.
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The Particle Flow Algorithm

Particles <-> clusters and tracks

L HCAL

oy | Clusters
hadron | : detector

§
Q

o. K3

< / photon

charged . x
ot Qartlcle-flow ‘H"

The list of individual particles is then used to build jets, to determine the
missing transverse energy, to reconstruct and identify taus from their decay
products, to tag b jets ...



Jet energy response and resolution
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CMS

MultiJet event at 2.36 TeV

Run 124120, Jet algorithm: Anti-Kt 5

: /,/ Event 6613074 PFJets with (uncorrected) pr>20 GeV/c

PFJet 1
pr 41.5 GeV/c

Particle inside the jet:
- Charged hadrons
- Photons

- Neutral hadrons

Particles outside the jet:
- Charged hadrons

- Photons

- Neutral hadrons

=0

PFJet 3

1 21.8 GeV/c : SumE;: 178 GeV




Run 124120,

Jet algorithm: Anti-Kt 5
¢ & 2.36 TeV data Event 6613074

PFJet 1 Q
2 ot 41.5 GeV
PFJet 2 Q
0 BB E AN e
PFJet 3
, or 21.8 GeV/

=4 -2 0 2 4 N

PFMET (1.9 GeV)




Linking tracks to the calorimeter cells

ECAL View HCAL View
T.0.65F S0 650
E 0.65 (] E-ﬂ'EEI - HCAL nrm'ancal
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hd r ] [ % ECAL Entrance d r
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n

* * ¥

A not-linked ecal cluster gives birth to a photon
A not-linked hcal cluster gives birth to a neutral hadron
A track (not already considered as a muon or an electron) gives birth to a

charged hadron

Any other combination, i.e. blocks formed by more than one object, is
analyzed in order to give the complete list of particles




Calibration coefficients from Simulation

* The algorithm needs a calibrated response of the calorimeter
* So far a Monte Carlo based calibration has been used
* it works very well also with data! (see next slide)

Ecaiv = a(E,n) + b(E,n)EgcaL + ¢(E, 1) EucaL

[ CMS Preliminary | | CMS Preliminary |
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| oE=104%NE+67% |
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e s s T P
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Coefficient for HCAL with particles not interacting in ECAL
Coefficient for ECAL / HCAL with particles interacting in any calorimeter



Calorimeter / Tracker response
as a function of the track momentum
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Jets/(1 GeVic)

Inclusive Jet analyses

CMS Preliminary 2009

= Data
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Jet-Particle content

Data/MC:
Neutral Hadrons (20%)

Photons (15%)
Charged Hadrons (65%)



E.Miss and ZE; at /s 900 GeV
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first CMS paper on pp data:
“EP PunLisHED For SISSA By &) SPRINGER

Recewen: February §, 2010
Accepren: February T, 2010
PuprEnen: February 10, 2010

Transverse-momentum and pseudorapidity
distributions of charged hadrons in pp collisions at
v5 = 0.9 and 2.36 TeV

CMS Collaboration

ABSTRACT: Measurements of inclusive charged-hadron transverse-momentum and pseudo-
rapidity distributions are presented for proton-proton collisions at /5 = 0.9 and 2.36 TeV.
The data were collected with the CMS detector during the LHC commissioning in Decem-
ber 2000, For non-single-diffractive interactions, the average charged-hadron transverse
momentum is messured to be 0.46 £ 0.01 (stat.) £ 0.01 (syst.) GeV/e at 0.9 TeV and
0.50 £ 0.01 (stat.) £ 0.01 (syst.) GeVie at 2.36 TeV, for pseudorapidities between —2.4
and +2.4. At these energies, the measured psendorapidity densities in the central region,
ANz /01| <05, are 3.48 + 0.02 (stat.) £ 0.13 (syst.) and 4.47 £ 0.04 (stat.) + 0.16 (syst.),
respectively. The results at 0.9 TeV are in agreement with previons measurements and con-
firm the expectation of near equal hadron production in pp and pp collisions. The results
at 2.36 TeV reprosent the highest-onergy measurements at a particle collider to date,


http://arxiv.org/abs/1002.0621

Spectra of charged hadrons: methods

Y —

*—

Tracks

Tracklets

;

O

pixel-counting

Uses all Tracker (pixel+strip)
reconstructing particle trajectories
pr-reach: down to 100 MeV/c

Tracklets: pairs of clusters on
different pixel barrel layers
pr-reach: down to 50 MeV/c

Counting hits (clusters of pixels) in
the pixel barrel layers
pr-reach: down to 30 MeV/c



Spectra of charged hadrons

first CMS paper on pp data (http://arxiv.ora/abs/1002.0621 )
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http://arxiv.org/abs/1002.0621

Charged hadrons p,-distributions
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Spectra of charged hadrons up to 7 TeVv
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Underlying Event Studies @ /s = 0.9 TeV
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Underlying Event Studies @ /s = 0.9 TeV

MinBias event selection, with additional requirement of a ‘hard’ scattering via
a leading track-jet with p>3 GeV.

P+ dlstrlbuhon of charged particles in transverse reglon
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Inclusive two-particle correlations

Signal distribution: Background distribution:
(correlated+uncorrelated pairs) (uncorrelated pairs)
; 2 sigmal
S, (An.Ag) =t N B, (An.Ag

An=mn,—-n,, ot o mix events with
Ap =@, — ¢, : : similar vertex and
) multiplicity

N: total multiplicity

Event 1 Event 2
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Inclusive two-particle correlations

(a) pp 0.9TeV (b) pp 2.36TeV (c) pp 7TV
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= B(Amn) 46° - Isotropic decay in their c.m.s into
T T hadrons
: : « On average, every 2-3 charged
Effective cluster size Cluster width particles are produced correlated
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Inclusive two-particle correlations
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Bose Einstein Correlations  anxiv:1005.3204

During high-energy collisions, bosons are created at small distance, their wave functions overlap

and the Bose-Einstein statistics may change their dynamics

When identical bosons have comparable four-momenta the global wave function reach the
maximum value and enhancement of the correlation function should be observed

This is essentially the only way to measure the size of a source at the Fermi scale

We need to study the ratio between the P(p,.p,)

joint probability of emission of a pair of R=
bosons, and the individual probabilities P(p)P(p,)

Experimentally, we have to produce the N | dQ
distributions of a “proximity” quantity in = ———=daia
the data and in a reference sample dN 1dQ,,

The proximity in phase space can be quantified
(assuming all pions) as: Q2=-(p;-p2)?=m;,2-4m 2

Correlation function used to perform the fit to the data:

R(Q)=C[1+102Qr))(1+5Q)

C(Qr) function is interpreted as the Fourier transform of the
emission region, whose effective size is measured by r.
Usually it is parametrized as:

C(Qr) = exp(-Qr) - Exponential, CMS default.
Q(Qr) = exp(-Q?r2) - Gaussian, widely used.

r:source size

A :strenght (0 + 1)

C : normalization (~1)

3 : long range effects (~0)



Bose Einstein Correlations

arXiv:1005.3294
To calculate R: 5 18T
1. Take all (charged) tracks. € 17 CMS \/s = 0.9 TeV

2. Construct Q. 16

3. Repeat for the
reference sample

4. Evaluate the ratio: R =

R (Q) Ref.: Opposite hem. same charge

I
i

+ Data

dN/deam 1.4 MC

dN /dQ,., 1.3

"

E 3

Pairs from 7 reference samples:

o
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Bose Einstein Correlations

arXiv:1005.3294
Correlations between identical bosons (pions) @ /s = 0.9 and 2.36 TeV

_ _Plpupa) _ dN/dQ
P(p1) P(p2) AN/ dQuey

Q=1/-(n-p2=/m, -4 Several reference samples for normalization:

opposite charge pairs, rotated particles,

_ , ) — @ . h .
R(Q) =C1+AQ(Qn)]-(1+4Q)  Q(Qr) =e™™" obposite hemisphere. mixed events
o T T T T T T T T o 2 T S B B DL B DL LA B
E i CMS preliminary \/s = 0.9 TeV | [ CMS preliminary \/s = 2.36 TeV |
o 1g . o 18 ]
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o - N o - §
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Q (GeW) Q (GeV)
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Ve =236 Tey =199 +0.18 (stat.) £0.24 (syst.) fm and A = 0.663 £ 0.073 (stat.) +0.048 (syst.)
= AT T T,
Results of fits to 0.9 TeV data = 55F CMS Preliminary W= 0.9 TeV 3
Multiplicity range | Povalue C A r (fm) ¢ Ref. Combined sample 3
2-9 97107 | 090001 | 089 £0.05 | 1.00= 0.07 (stat)L0.05 (syst) &3 + E
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| S =
° ° ° 353
Multiplicity dependence *}, T
o 5 10 15 20 25 a0 as
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0 Select minimum bias events with a good
primary vertex having at least 4 tracks

O Measure ratio of uncorrected energy through
HF (3<In|25) for different LHC energies:

R‘\/’Epﬁz —

’Eflow

A
o

CME Preliminary

_ == MinBias Data: 2.36 TeV / 0.9 TeV
| — Pythia DGT: 2.36 Tel / 0.9 Tel

Uncorrected Energy = 4 GeW
Mo Systematics are Included
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> Stronger rise with
collision energy in
data than what

foreseen in Pythia
(as seen in dN/dn analysis)
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Observation of SD events

Variable used: X(E+p,) = ZE(1+cos0)
(the sum runs over the full calorimeter acceptance)

——

CMS Preliminary 2009

[ Emergy scale+10%

p+p (0.9 TeV) BSC OR and Vertex
PYTHIA D6T

PYTHIA Non-diffractive
PHOJET Non-diffractive

_!-ilII|IIII|IIII|IIII|IIII|IIII_|
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I:I'.J 350 " s PYTHIA D6T =
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200F- -
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1006 i........ =
1] I =
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10°
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2 120 . -
0} i CMS Preliminary 2009 ]
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40 el ]
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PYTHIA describes the ND Z(E+pz) (GeV)

part better than PHOJET

Enhancing SD events:
Er.<8 GeV was required (LRG over HF.)

_-PHOJET agrees better with the data

(for high-mass SD)



Prospects For Physics Run 1
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Multi Jet Event at 7 TeV



CMS Integrated Luminosity

Collected so far in 2010:
CMS: Integrated Luminosity 2010

©[" CMS Preliminary

—— Delivered 20.52 nb™

Recorded 18.67 nb™

F  VdM Scan: Fill 1058

Li(11.12) (@.u)
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= I}

 L=10¥ cm?2 !
as ...E OETEITET) .......ﬁ.ﬁ.é.1.0286m.—2. .§-..]: T ...........i.......................

L1 em?st y—

MeanX = 0.0035 +- 0.0002
hX = 0.971 +/-0.005

sigX1 = 0.0536 +/- 0.0002
sigX2 = 0.117 +- 0.006
Chi2/dof = 2.5

. VDM scan
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-0.1 0 01 0.2
Oy = 0.05445 + 0.00013 (stat)

2010/05/27 08.08
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CMS

Events with two primary vertices start to occur

X cmsShow: EVDISPSM_1270550752.root

File Edit View Window Hel

. ‘i - » |a . DCelay
3.0s

P

T o z m =
wn.lluannnn EE
P00 0000006

It will be an issue for high intensity beams. CMS will be ready for it



events with four primary vertices

: ‘. » Delay Run Event Sat May 15 23:23:34 2010 CEST
. 3.0s | Event filtering is OFF Lumi block id: 285

Views I
3D

xError| vy _ zEm:nr chiz| ni
0.09530|0.00315)|0.01418|0.00321| 1.53059|0.00424 36.630

ID 03070 0.01831({0.00722|-4.96111)0.00984 3|17.066

Rho Phi

It will be an issue for high intensity beams. CMS will be ready for it
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Number of clusters / 1[ke]

7 TeV Data: Tracker Performance
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¢ — K*K~ using dE/dx

Entries 176229
Mean x  1.504 [
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> Validate Tracking, Reconstruction, Secondary Vertex Finding,
Magnetic Field, Material, Momentum scale
> Validation of MC



Bt —» Ant

A= or anti-An* invariant mass

o))
o
o

Candidates / 2 MeV/c?
P
o
o

200

7 TeV Data: Resonances

CMS Preliminary

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

1300 1350 1400 1450
A® 7 invariant mass [MeV/c?]
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Candidates / 3 MeV/c?

n
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Qr 5 AK*?

AK- or anti-AK™* invariant mass

I CMS Preliminary

Yield: 187.6 + 19.9
Mean: 1672.2+ 0.4 MeV/c® _
Sigma: 2.9 + 0.3 MeV/c?
Statistical uncertainties onlyj
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A% K invariant mass [MeV/c?]



Charm Production 7 TeV DATA
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L>1nb!: beginning to use n°s and n's in ECAL calibration.

Photon Pairs / 0.005 GeV
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» ~10pb-! needed to determine energy scale
using iso-tracks with p>40 GeV.

> Studies at lower p; allow comparison to MC
and may provide an initial correction.

| Momenta of isolated tracks (MIPs in ECAL) | hMC
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> HB and HE response to
isolated minimum ionizing
particles integrated over
all track momenta.



Calorimeter calibration

* The PF algorithm needs a calibrated response of the calorimeter
* So far a Monte Carlo based calibration has been used

* it has shown to work very well also with data!

Ecaib = a(E,n) + b(E,n)EgcaL + ¢(E, 1) EucaL
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Particle Flow E;™'sS resolution vs ZE;

5 10
@ gl 9!‘.".'?._F'_FF_'__'_P_'_'!_.'I?F}’_?919 ____________________
i ;f 7 TeVdata | Calorimeter onl
buf‘ 8 3 :
T
6
3 = 5040 -30 20 10 0 10 20 30 40'50
- e — . . PIE., [GeV]
4 =5 o E., in a Di-Jet selection
3 R SRR SRR NN NN S S S
2 ;_ .................................................................................. . Simulation % 10* :EM::;:I‘iImiwyzm,
1 ' .......................................................................................... Q 7-TeV dﬂtﬂ, calo 9 lsimulatinn
o Simulation, calo % 10° o
u | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | I | | | 11 | | 11 Lq>|j
0 20 40 60 80 100 120 140 160 180 200 5. i
YE;[GeV] %
_ . S . Z 10 .
o(E") = \/0_41 +0.492% E, +0.008(> E;)
1 —

Cl ]
0 20 40 60 80 100 120 140

¢T in a Di-Jet sete&tibV!



N
=
S
@
o
‘=
pd
c
w

7 TeV Data: Muons

Good data-MC agreement
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Di-muon resonances: Jiy2uu
7/TeV data from L =15 nb

250 CMS PrellmlFary,\E 7TeV
200 + data L, =15 nb’!

— total fit

-=- background fit

150

100

Events / (18 MeV/c?)

151
o

Signal events: 1230 * 47
Sigma: (42.7 £ 1.9) MeV
M,: 3.092 + 0.001 GeV
S/B =5.4 (M, * 2.50)
x2/ndof = 1.1
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;1 Looking for higher mass di-muon resonances:

— You'u
M=9.35GeV; p,=8.41GeV

wpT| global) fracker| SA[ calo| trpt ta | phi | matches| d0 d0 / dOErr| charge
6.0 true true| true| falsel EB.0] 0.462]-1.559 4] -0.038 -26.336 1
2.0 frue true| true| false| 2.6|-1.527|-1.135 2| -0.0% -13.627 -1

CMS simulation
E,=TTeV, L=1pt'

WY(S)

Wy(2s)
my(@3s)

85 9 9.5 10 105 1 115 12
uu invariant mass [GeV/c?]

Expecting a few thousand
Y(nS) 2u*win CMS per pb-!



] CMS Experiment at LHC, CERN
{{Run 133450 Event 16358963

‘| Lumi section: 285

=\ Sat Apr 17 2010, 12:25:05 CEST
Jet1 pr: 2563 GeV

Jet2 p; : 244 GeV
Dijet Mass : 764 GeV

E,(GeV)
- Jet 1

-




File Edit

ouble b-jet candidate
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CMS Experiment at LHC,
Data Recorded: Sat Apr 24 08:31:20 2010 CEST
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» EE Electrons
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Jets: pr = 43.7 GeV (top right) / 40.3 GeV (bottom left)

Secondary vertices

top-right: 3D flight distance (value/ significance) = 6.2 mm / 43 mg, = 2.9 GeV, p; = 25.7 GeV
bottom left: 3D flight distance (value / significance) = 8.6mm / 55 mg, = 3.1 GeV, p; = 17.2 GeV



Validation at 7 TeV: b-tagging

<
) M.
interaction primary vertex

CMS Preliminary 2010 CMS Preliminary 2010
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0 [ EMC (light) 81200_— L BMC (light) ]
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© S - i
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Q. | 1 o I i
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1
———-m.. ‘m._
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3D IP significance 3D IP significance

O Left: Significance of the signed 3D impact parameter for all tracks selected
for b-tagging, for jets with pr > 40 GeV and |n| < 1.5
0 Right: zoom in the region close to O.
> Good agreement between data and MC



W->uv candidate

CMS Experiment at LHC, CERN

; Run 133875, Event 1228182 ET
Lumi section: 16

Sat Apr 24 2010, 09:08:46 CEST

MEr= 37.9 GeV [ | —

M;=75.3 GeV/cz/—i =




> 1 Looking for Vector Bosons: W->puv M; distribution
e 7/TeV data from L= 16 nb

W—uv candidates extracted on the single muon triggers (p+>9 GeV non isolated):

- CMS Preliminary 2010 2UE CMS Preliminary 2010
i L, =16nb" \s=7TeV 22 :_ L.,=16nb" Vs=7TeV
10 o 200 . Daa

- 1 oo Wopvex 18 [ peo> Wy

rj;- : pp—u+X ‘3_1 16 :_ PPoR+X

4 % - ] other (EWK)

o i ] other (EWK) S 14

e =) :
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& I @ 8-
- 6

107" =— A
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eIVIT [GeV /c?] M, [GeV /c?]

Linear scale

Logarithmic scal

In the plot: 70 events With M, > 50 GeV: 57 events



W=>ev candidate

CMS Experiment at LHC, CERN
Run 133874, Event 21466935 electron

CMS.
| Lumi section: 301

| Sat Apr 242010, 05:19:21 CEST

1

Co(npam Muon Solenoid

Electron p;=35.6 GeV/c
ME; = 36.9 GeV
M+ =71.1 GeV/c?

electron




Looking for Vector Bosons: W—->ev M, distribution

7/TeV data from L, = 12 nb
W—ev candidates extracted on the single photon trigger (E+>10 GeV non isolated):

S

[ = |

: - —#— data Q01203 pb”

250 =

-b = [ athers bkg

oo r In the plot: 94 events
40 With M;>50 GeV: 37 events
30

0 20 40 60 80 100 120
pfMT [GeV] 85




Looking for Z candidates:
Loty Z>e*e"

CMS Experiment at LHC, CERN
Run 133877, Event 28405693

Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

CMS Experiment at LHC, CERN e

Run 135149, Event 125426133 —
Lumi section: 1345 /

- Sun May 09 2010, 05:24:09
Muon p=67.3, 50.6 GeV/c
Inv. mass = 93.2 GeV/c?

/ endcap electron

\ Electrons p;=34.0,31.9 GeV/c 4
Inv. mass =91.2 GeV/c2

L

86
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CMS Experiment at the LHC, CERN
Run 135149, Event 125426133
Sunday May 9 2010, 05:24:09

Z+jets candidate
M =93.2 GeV/c?
pT =97.0 GeV/c

MET=15.1 GeV

Tha
pT = 67.3 GeV/c pT = 50.6 GeV/c




MS PhXS|cs Ob ectives for LHC Run I
21C2 nn C

CIACD |

WW Measurements !
EPS HEP
2011

Di-top Observation
W/Z Measurements

Moriond
W (& Z) Observation 2011

Min. bias

1 pbl
Integrate



Higgs Production and Decay @ 7 TeV

Higgs—strahlung Vector boson fusion

100 . . ;
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As at Tevatron, gg -> H is the dominant przaductlon mode at LHC

Fbb

H->WW dominant decay mode for m,>140 GeV
(BR # 1 at my = 160 GeV)

v bb suffers from the huge QCD background

v 1+1- is promising at low m, values

v yy is relatively easy to detect, but very low BR

v' ZZ has a lower BR than WW, but a clearer signature
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SM Higgs Boson

Inclusive Channels for 7 TeV, 1fb-!

CMS Preliminary: projection for 7 TeV, 1 ' Mar 17 2010

H—syy [no photon categaries)

= G5% CL exdusion: mean

W 95% CL exclusion: 68% band
95% CL exclusion: 95% band

----- 95% CL exdusion: mean {no sys)

—

CMS Preliminary: projection for 7 TeV, 1 fb’’ Mar 17 2010
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x2:
= SM Higgs expected excluded range approx: 140-200 GeV
= Discovery range approx: 160-170 GeV
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CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010
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VBF H - t*t"

H — t*1~ is promising at low m, values

Q 3 final states: lepton-lepton, lepton-hadron,

hadron-hadron
O Signature:

v' 2 leptons or t-jets in the central region
v MET

v' 2 forward tag jets in opposite hemispheres
(used as tag)

0 The invariant mass M(tt) can be calculated in
the collinear approximation: v's collinear to t's

O Backgrounds:

v QCD, reduced with the Central Jet Veto
v W/Z + jets

v Z/y*>1 "1, estimated from Z —» prp-
v' tt suppressed by performing b-jet ID

WW, ZX Imion:

e B 2 B 2 FE B &
dzmprpo T




SM Higgs Boson at Tevatron

Tevatron Run Il Preliminary, L=2.0-5.4 !
TR T T AN L

LEP Excluamnk_______,___,*____Ie_uatrun* _________ |
o Exclusmn

95% CL Limit/SM
=

.......................

T e
100 110 120 130 140 150 160 170 180 190 200
mH(GeWc)

arX1v:1001.4162



LHC & Tevatron : A Comparison

For My > 140 GeV: 1000 p—————""
Q gg - Hat 7 TeV > x15 that at Tevatron E ratios of parton luminosities
» Higher rate for Higgs production L at 7 TeV LHC and Tevatron

O Irreducible Higgs background (WW,
ZZ) originate from gqgbar which rises
relatively slowly

= S/N rises , LHC competitive @ 1fb!

WJS 2010

100 |

For M, < 140: slow rise in qqgbar

O Higgstrahlung (pp — VH) rate at 7 TeV
not much larger than Tevatron

0 Major backgrounds are W/Zbbbar & [ -
ttbar which rise sharply due to rapid E’______,_h.,#--"‘"'_ )_*qa
rise in gg = smaller rate & S/N

U gg > H — yy favored in production but MSTW2008NLO
Br(H—>vyy)~0.2% 1 S

=> tiny signal over large QCD yy 10° 10°
M, (GeV)

luminosity ratio

—
o
LB |




Conclusions

* The full CMS Detector was operational for the first LHC beams in 2008

« CMS could profit from extensive Cosmic Data taking campaigns in 2008
and 2009 for commissioning

 Data taking with LHC pilot runs in December 2009 was a great success,
with performances validated within hours, and extensive analyses
performed within one day !

* The experiment currently runs with LHC collisions at /s = 7 TeV at a
peck luminosity of ~ 2x102° cm2sec-! with 13 bunches...
and # 100 EWK Boson candidates observed !

* A first production of physics results (EWK, QCD, ..) is expected by
ICHEP 2010 ( with 1-10 pb-! integrated luminosity ?)

 Di-boson observation and first significant constraints (or hints) on the
SM Higgs boson are expected in 2011

Special thanks to Simone Gennai for providing me some very useful
slides on Particle Flow.
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High mass dilepton resonances

50 discovery reach as a function of mass
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Already sensitivity at 1 TeV with ~ 100 pb-!



g MSSM Higgs Boson: pp —» bb®, ® —»11

CMS Preliminary: projection for 7 TeV, 1 fb Mar 22 2010
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Supersymmetry - Jets + MET

200 CNIS profiminary T I o 5 2 s, i
450 \s=7 TeV [ ] DO g, 9 2.1 fb", tanf=3, u<0
Hadronic search, 95% C.L. curves B LEP2 ?fj
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95% exclusion limits for inclusive searches with jets and missing energy
expressed in the mSugra parameter space
assumes 50% syst. uncertainty on backgrounds



