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The CMS Tracker

The largest silicon tracking detector ever built!
+ must provide low occupancy for LHC high luminosity
« high-precision tracking for heavy flavour identification
* coverage up o n| <25 01 03 05

1 0 07 0.9 1.1 13 15
A A A A A
17
Sfrips 1200 _—
* 9.3M channels “T6B— || |l '|| ||”|| ||' || ||" ||' "
+ ~ 200 m? sensor area |' |‘ || _"_ I e
I gcl | .l .1 23
« 10 barrel layers [ e e o IR BN B ﬁ 25
- 9 (+3) endcap disks Eﬁl :, :, MLJ i
e Double-sided-modules
Pixels ‘ Single-sided:modules
' 1200 1600 2000 ' 24")0 2800
* 66M channels
+ ~ 1.1 m? sensor area . .
- 3 barrel layers Operational fractions
+ 2 endcap disks strips: 98.1%
" . c
+ innermost layer at r = 4.3 cm pixels: 98.3%
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Alignment

Track-based alignment algorithms e CMS 2008
o [ T T T T
* global method "Millipede IT" B o4 ]
> real module positions from residual minimization ° b o
2 matrix size reduction without loss of correlations € F DATA local mein
L N > = -———- DATA before align.
or precision -> O(10"5) global parameters R o 1
2 only a few iterations necessary E
* local method "Hit and Impact Point (HIP)" ol E
2 local solution for each module, so no correlations £ Y ]
A" large number of iTer‘f]’rions for- large misalignment R Y
. 1 I ] .
final results from running both in sequence \npu‘r to MC
« first alignment campaign with cosmics
) ) Data7TeV MCstartup  MC
2 tracks mostly vertical, best results in barrel Subdetector Dl"lle [:m] o miul_"nfm]
? results already close to ideal geometry Pixel Barrel U 6 31 09
. . . . ». PixelBamelv 55 89 18
alignment update with collisions P el Forward U 57 07 25
2 using high-quality tracks from minimum bias collisions %'Eewwwafd" ;? m g;
2 further improvement, most pronounced in forward region TOB 75 11 75
TID 4 104 24
Alignment outlook TEC 1o 2129
RMS of median of residuals
* inclusion of beam halo, isolated muons, laser alignment data
+ use mass constraints from resonances See poster by Jula Draeger

The Alignment of the CMS Silicon Tracker

ICHEP 2010 - Paris - 22 July 2010 12/17 Steven Lowette - UCSB
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Search for Heavy Stable Charged Particles

» Attempt to identify the HSCP as it moves through the detector
» Looking for an excess of tracks with high pt, high dE/dx

» HSCP will be highly penetrating and identified as a muon
» R-hadrons undergo nuclear interactions, and may change charge/flavour
» Some models of R-hadron interactions predict they become neutral and remain so

» Perform two analyses referred to later as
» Track+muon - for muon-like HSCP “Neutral R-baryon” model
» Track-only - for non muon-like HSCP

» Benchmark signals
» Track+muon => mGMSB stau (100-300 GeV)
» Track only => stop & gluino R-hadron (130-900 GeV), with “Cloud model” of R-hadron
interactions

» Triggers
» For muon-like HSCP, use muon triggers (muon > 3 GeV, double muon > 0 GeV)
» For non muon-like HSCP, trigger on other products of the event (jet > 50 GeV, Ei™ss > 45
GeV)

Jim Brooke (Univ. of Bristol) - ICHEP 2010, Paris 3
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Mass Reconstruction

dE/dx estimator (MeV/cm)

a4 N WA OO N ®© O

CMS Preliminary 2010 \'s =7 TeV

—— Fit to reference Data

= Extrapolation
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min-bias data

» Mass reconstruction

eV 198 nb”

U
dE/dx estimator (MeV/cm)

CMS Preliminary 2010\'s = 7T
¥ T T T

Tracker - Only

Discovery of
the deuteron!

I
400

1
200

...and stop MC

» Approximate Bethe-Bloch formula before minimum

I Km2+C
=K
pZ

» Extract parameters K, C by fitting to the proton line

» Reverse to compute higher masses

Jim Brooke (Univ. of Bristol) - ICHEP 2010, Paris

asz Friboes (SINS)

CMS@ICHEP2010

Y Il
600

800 1000
P (GeVic)
CMS Preliminary 2010 \s =7 TeV
§1@ AN IARAA RN R AR
£ i mwvc

2 25
Mass (GeV/c?)

8/66



Search Results

» Null result in signal region and full mass spectrum

TIGHT - Exp. Obs. | Exp. in full spectrum | Obs. in full épectrum
Muon-like | 0.153 £ 0.061 0 0.249 £ 0.050 0
Tk-only 0.060 + 0.021 0 0.060 + 0.011 0

» 95% CL limits on the production cross-section for stau, stop and gluino
» Track-only analysis => exclude m3 < 271 GeV/c?
» Track+muon analysis => exclude mg < 284 GeV/c?

CMS Preliminary 2010 \'s =7TeV 198 nb™' CMS Preliminary 2010 \'s =7TeV 198 nb™'
— 77— 3  —~ — T 3
@ [ Tracker + Muon Theoretical Prediction | % [__ Tracker - Only Thlouiiclsl‘Pve;iLicol;on m
—=— Exclusion Sta 3 —=— Exclusion St o E|
5 e ot R ErAr W I - B
:}8) [ —e— Exclusion Gluino Th. Uncertainty ; § [__ —e— Exclusion Gluin Th. Uncertainty ;
] 3 @ 3
© —F ©° \\.‘. E
3 10g E
200 400 600 800 200 400 600 800

HSCP Mass ( GeV/c? ) HSCP Mass ( GeV/c? )

Jim Brooke (Univ. of Bristol) - ICHEP 2010, Paris 8
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Tracking Efficiency for muons

o

S2000F
S1800F L = 125007

Probes
passing the
matching

T T T T
CMS Preliminary, \'s = 7 TeV.
passing probe:

C‘MS Prelirrl|inary, \E‘: 7TeV ' 1
Probes
failing the
matching

I
35

2 25 3 35 4 2 25 3 4
dimuon mass (GeV/c?) dimuon mass (GeV/c?)
Reconstruction efficiency in the Tracker - - -
is estimated from the ratio of the yields Region Data Eff. (%) SimEff. (%) Data/Sim
of propes that either pass or fail the 00< || <11 1000799 1000739 1.000 300
matching with a Tracker track. 11< || <16 992708 99.801  0994+0009
€ — e 16 < || <21 976709 993731 0.983100%
€7€p = —— ~~random 21< g <24 98571 976782 1010733
1—e€p| matching CCombined 98,8703 992701 09967055
Tracking
efficiency

ICHEP - Paris - 22/7/2010

Tomasz Frilboes (SINS)

Pag.3

CMS@ICHEP2010

B.Mangano - UCSD

11/66



’%i Estimate of Transverse Momentum=<
resolution from J/y width

CMS Preliminary (7 TeV, ~ 40 nb")

UCSD

. . 0.06
A set of functions describes g.'_

the expected dependence of z'— 0.05
the p; resolution on track T resolution fitted on data

kinematics.

0.04 - —s— resolution from MC truth -

—=— resolution fitted on MC

J/¥Y width expressed as a
function of the kinematics of
the 2 tracks.

The best estimate of the p;
resolution is then determined
through an unbinned
likelihood fit of data.

ICHEP - Paris - 22/7/2010 Pag.5 B.Mangano - UCSD
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ZPrlmary Vertex: Position Resolution =<

CSD

CMS preliminary 2010 Ns=7TeV
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Repeating for many events, the intrinsic resolution of
the primary vertex fitter is estimated directly from data.
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. | Primary Vertex (11) =
o Reconstruction Efficiency

. CMS preliminary 2010 Ns=7TeV

Same technique also used to > 1.0l e

estimate, from DATA, the PV 2 : e Data 1

reconstruction efficiency. :8 1.005[ -

E E -= Simulation 1

E‘, 1:— .'--'--I'.------E

] c. 1

Tag Vertex \/ = 0.995F B

> r 1
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PV efficiency = #probes / #tags Number of Tracks
ICHEP - Paris - 22/7/2010 Pag.12 B.Mangano - UCSD
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[CMZ Main Observables used by =%

B B-tagging algorithms

Signed decay length of

secondary vertexes
Secondary
Vertex

Y
‘\\

Signs of Impact parameter and of
vertex decay length are defined . )
Signed impact
parameter of

according to jet direction
- tracks in the jet

impact )"’

parameter *
+ -

jet direction

sV
(wrong side)

B.Mangano - UCSD
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Data/MC comparison for B-Tagging

observables eemmmes e

£
DATA/MC ratio is
close to 1 for all
observables
(including those
not shown) 5

Data/Sim
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Ratio to Inclusive Jet Cross Section

+ Inclusive jet cross section measurement

- Talk b
[CMS PA!

M. Voutilainen
QCD-10-011]

+ Measurement of ratio reduces experimental uncertainty from
jet energy reconstruction and luminosity

+ Fit of measured ratio of data and PYTHIA for 30 < p; < 150 GeV
and |y| < 2 yields scale factor of 0.99 + 0.02(stat) & 0.21(syst)

- CMS pre‘limin‘ary,‘ Gq nt?" —— \s=7 Tey 80, CMS preliminary, 60 nb’ \s=7TeV
Q [ = MC@NLO ; ] @ F Tt;tal ulnce‘rta‘int‘y Tl ‘
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= Hadronic calorimeter, HCAL:

CMS

= Electromagnetic calorimeter, ECAL:
Homogeneous PbWO, crystal calorimeter

= Barrel (EB): PbWO,
= 26X, AnxA¢ =0.0174x0.0174
= Endcap (EE):PbWO,
= 25X, AnxA¢ =0.021x0.021~0.050x0.050
= Preshower in endcap (ES): 3X lead with 2 planes of

61mm x 1.9mm Si strips
= Target resolution: 0.5% at high energy
= >99% working channels (EB: 99.3, EE: 98.94, ES: 99.8)
= stable conditions: temp. RMS 0.003°C (EE: 0.015°C).
Laser response stability < 0.02%.

Barrel (HB): Brass + Scintillators

= AnxAg = 0.087x0.087
Barrel tail catcher (HO): Scintillators
Endcap (HE): Brass + Scintillators

= AnxA@ = 0.087x0.087...0.35x0.087

Forward (HF): Steel + quartz fibre (Cerenkov)
= AnxA¢ = 0.349x(0.175 or 0.35)
> 99.75% working channels (100% in HB/HE/HF)

Philippe Gras CEA/IRFU - ICHEP 2010 3
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ECAL start-up conditions

= Synchronization ‘
= All channels synchronized. %10° _CMS preliminary Data\'s = 7 TeV
= Providing a time measurement precision better than 1ns. ECAL Barrel

¢6=10.0%

= Calibration SIB.,.,=0.80

= Start-up calibration uses results from a 10-year campaign of
test-beam and cosmics rays precalibation, in-situ “splash” events

and 7° calibration.
= Precision of start-up calibration:

= EB:0.5% ~ 2.2% (1.2% in central region with first 120 nb") %%}
= EE: 5% X o5 02 28 9
= ES:2.2% (better than design goal) Yy invariant mass (GeV/c’)

= Target with 10 pb™': 0.5% in EB; 1%~2% in EE

)
i
i}

y pairs / 0.005 GeV/c?
o o
S b

o
7]

°

start-up ]
0.31nb™

10° _CMS preliminary Data\s = 7 TeV.
T
4f- ECAL Barrel ;,

35
| M

= Alignment
= ESvsEE:
= misalignment < 0.5mm (+/- 0.2mm)
= Tracker vs ES/EE:
= Ay = 7~8mm for + and — side
= Ax ~ 5mm for + side

6=60%
SB., =044

vy pairs / 0.010 GeV/c?
N
o

start-up
= Possible small displacement in EB. Will be 0.31 nb™
measured with the increased integrated luminosity

a0 N

o
o

03 04 05 06 07 08
vy invariant mass (Gevlcz)

More details in posters #824 (Y. Yang), #507 (Z.-K. Liu), #477 (Y.-M. Tzeng)
Philippe Gras CEA/IRFU - ICHEP 2010 4
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CMS preliminary 2010
T

] CMS Experiment at LHC, CERN
Run 133877, Event 28405693

/ NS, |
Lumi section: 387
)

> T
82 | . ,Jm:m ' Sat Apr 24 2010, 14:00:54 CEST / /\
Q [zoee Electrons p, = 34.0,31.9 GeV/c [ / \\
£ 15 Inv. mass =91.2 GeV/c2
5 ) !
2 It
ol /
S 19 %
b} v 74
€ B -
2 7 1
1
%o %0 100 120
M(ee) [GeV]
Distribution of M, of selected 7
{a e+e- candidates / K ’ <=t /
See J. Mans' talk and M. Cepeda'’s talk
Philippe Gras CEA/IRFU - ICHEP 2010 7
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HCAL start-up conditions

All channels synchronized
= Providing a time measurement precision in HB and HE better than 2ns.

Precalibration
= Absolute scale set in test beam
= Intercalibration made in-situ with Co® source
= Cosmic rays and “splash” events (beam dumped on a collimator 150 m from IP)

Data-driven calibrations
= Target: 5% on absolute scale, 0.5% (2%) on relative scale for barrel (endcap)
= Requires ~10 pb™'. With available data, set limit on systematic

uncertainties. S T TBSiduals not cofrected
) . E=1 Corrected CaloJets
= Single particle response: E_, /P, S 145 L o se <scey 7
« barrel: agreement with Monte Carlo within 3% E [ TRl
* endcap: response < 8% higher than Monte Carlo. It — | <y <10 cey
will be adjusted with more data when performing the § 1.2~ —
actual calibration. a 4 1
= Jet energy scale: from dijet balance
= Uncertainties currently used in analyses,
10% + 2% n| [ .
is confirmed within the statistics errors (71 nb™', but CMS Preliminary
i i P IR | . . 1
with trigger prescale) 0.8, | 5 3 4 s
. . Inl
More details in P. De Barbaro's poster #854 Data/MC ratio of relative !
Philippe Gras CEA/IRFU - ICHEP 2010 response from dijet balance 5
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Detector response comprehension, HCAL

§ CMS Preliminary :;as" z:g:‘:‘: $ s000f VS Praiminary Mean 0.5565
= 500[\E=7TeV L =84 nb" Mean 0.6628] 2 - i RMS _0.3656
. . N&=7TeV L,=8.4 nb Mean 0.5212
= Single particle response 3 RMS_0.3117 2500~ RMS 03307
measurement as function of a00f -
the track momentum. ; Ve s Endeap
Selecti isolated ch d 3001 ekt 3 Py %11 GeVie
electing isolated charge 3 oatn 1500 S
. . g - '+ 1€
particles with low deposit in 200f — mc
< r 10001~
ECAL (< 500MeV). ool “ Il <1.131 i 1.653 < | <2.172
E 001 s
1050 05 1 15 2 25.3 35 T
Ecaio/Praci EcaidPr

Agt cmspPreimnay - Barrel p En'dcap'
9'5 -IE s=7TeV L,=84nb"" ~nl<1431 9 -1.653 < || <2.172
uf : e ] v 0:55
0.6
0.55 e
—e— Data g;?' —e— Data
= MC 0.2f e MC
o 15 20 25 30 o 1015 20 25 30
Pr ek (GEV/C) P, (GeVic)
Philippe Gras CEA/IRFU - ICHEP 2010 8
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Jet measurement resolution

= Position resolution estimated by iﬁ

CMS Preliminary L=8.4nb" ;_:E' CMS Preliminary L=8.4 nb"
: 0<n <05 's 0<[n<0.5
comparing tracker and « data (Calo-Track) == « data (Calo-Track)
calorimeter based [ e (alo-Track) © [ MC (Calo-Track)
measurements o\ - \s=7 TeV
// Ga‘\o/i ’ e o T
Q(\ % e
- I
Y L
\_—
- oot 20 30 4050 [ééQ/] 0.01 20 30 4050 700
. . . . e
- P, resolution estimated with dijet asymmetry method: Proe Pr V]
\s=7 TeV L=73 nb" CMS preliminary \'s=7 TeV L=73 nb’ CMS preliminary
03 } g:k’);]{els (Anti-} kR =0.5) E 03 } gF(J;]?s( (Anti-} k R=0.5) { Partide flow
& Traditional calo method & Particle FIoW'method | technique strongly
ey 1 ool Ay 1 improves resolution
1 = 6 ] in low P range
g ]
4 ol TR 4
4 °© i S—
] r e ] Already better than
) E ) 1 design resolution
; 3 : ( 100%/NE®5%)
160 200 300 400 1000 1(')0 200 300 400 1700
See J. Weng's talk Py [GeV] PrlGeV]
Philippe Gras CEA/IRFU - ICHEP 2010 9
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Missing Et measurement performance

Missing E_ for Dijet events

measured with two methods.
p;> 25 GeV/c

% AF. CcmMs IFreIiminaryZDw
o10 *-\\ \5=7 TeV 3
N — Data
Ll - ] simutation

2 - IEL — 3
w % | Traditional Calo
510° 7, =
3 ! ]
E 10

z

© rrar i rr
il

wW"

il
40 60

3 I L .
80 100 120 140
Calo E; [GeV]

n
S.

% 10¢ CMS Preliminary 2010:
o 5T TeV

o ——Data
210° [l simuiaton
9

w Part. Flow

= 10°

S

3

£

5 10

z

80 100 120 140

Monte Carlo describes the data well over 3 orders of magnitude

Missing Et Gaussian core resolution:
= <10 GeV on whole Y E, range up to

350GeV.

= Factor 2 improvement from Particle Flow

technique.

without tuning.

o(Eyy [GeV]

See particle flow algorithm F. Beaudette's talk this afternoon

masz Friboes (SINS)

Philippe Gras CEA/IRFU - ICHEP 2010

CMS@ICHEP2010

PfE; [GeV]
[ cMs Preliminary 2010
: .y
y e
o0
28
ro a T
g it
e *
Didjetevents
i i H
00 150 200 250 300 350

TE, [GeV]

26 /66



Jets@CMS

° Dijet mass measurement is sensitive to JEC and luminosity, but doubles as a
bump-hunt for new physics (talk by K. Kousouris)
® Theory sensitivity to PDFs and scale similar to inclusive jets
—~ 10" T g~ p T T T T
% E \s=7TeV 3 > AR ——Data(120nb)  CMS Preliminary |
(0] 10° anti-k; R = 0.7 CaloJets | 910 E — Fit 3
B M“>354 GeV El -8_ E ———ExFited quark E
9/_ In,m,1<1.3 1= .0 - - - String \s=7 TeV 7
1025 1’2 <4 E10 E Jetmi<t3 3
£ E —e— Data(L=120nb") 3 % £ 807 Tev) M;>354 GeV 7
E r ——— QCD Pythia + CMS simulation ] O ; ' Anti-kt R=0.7 CaloJe\s;
-8 10? ] 10% JES uncertainty E 10; E
1 1 -
107 ER 4
10—2; CMS Preliminary ,; E E
E 2 107 3
10—3"\‘ Ll L T S I IR AN AR
500 1000 1500 2000 500 1000 1500 2000 2500
DiJet Mass (GeV) Dijet Mass (GeV)

£6 2n1n A tAFNAS 1R.9A 1R.Am 12 1 21
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[cms

® Inclusive jet pr spectra
are in good agreement
with NLO theory for all
reconstruction types

® Past Tevatron published
(0.7 fb™Y) record of
624 GeV jet at high pr

® Extending below TeV's
50 GeV at low pt thanks
to novel reconstruction
methods (Particle Flow)

° Extending up to |y|<3.0
(P. Bartadlini: 3<|y|<4.7)

°® Low pr reach limited
from theory side by non-
perturbative corrections

® Systematic uncertainty
is centered around PF
ansatz

—
> o
© —_

d20/dydpT (pb/GeV)
o

10

10"

Inclusive jet cross section (&)

CMS preliminary, 60 nb1 \s =7 TeV

lyl<0.5 (x1024)
0.5<lyl<1.0 (x256)
1.0<lyl<1.5 (x64)
1.5<lyl<2.0 (x16)
2.0<lyl<2.5 (x4)
2.5<lyl<3.0 (x1)

vud vl

O = o e

- NLO pQCD+NP =
e [ Exp. uncertainty -
;Antu k; R=0.5 PF ao-toan =
20 30 100 200 1000

p, (GeV)

x7=p7//5=0.005

CMS jet results, ICHEP 2010, July 24 (QCDO3, 15:20-15:40) 10 / 21
Friday, July 23, 2010

Tomasz Frilboes (SINS)

CMS@ICHEP2010

Mikko Voutilainen, CERN
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Isolated Photons at CMS

cMms

Introduction

® Study of single isolated q Y q AAAASY
photon production gives a
. . & 000D 7T
good test and information o T y &

on pQCD as well as PDFs.

JetPhox 7TeV -

S 10
® Provide basic understanding %104; s e 10 oh
s >6x photons irf

of photons in CMS o wp | Opb-! in CMS 3

- ;o 10k —_— fiducial 4

® Foundation of photon+X ® oL N 3
analyses, such as photon 3 e

+jet or Higgs to 2 photons.
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Photon |ID Variables

CMS PAS EGM 10- 005
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® Use 74 nb"! data for the following
results, MC distributions are
normalized to data observed.

§
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X Event Display

® This event shows a photon+jet event with good
balance on Er and ¢.

® Photon is isolated with energy spread (shower
shape) match expectation of a photon.

CMS PAS EGM-10-005

Er=65.7 Gel'/ S

\ Er=72.6 GeV

’
-04 e

’

-04

-08

ICHE? ICHEP2010, Paris Rong-Shyang Lu / NTU July 24,2010 10

Tomasz Frilboes (SINS) CMS@ICHEP2010

32/66



prompt isolated photons can be seen.

® Purity is estimated between 40 to 100%
depending@gg\sphoton Er

EGM-10-005

\s=7TeV
L=74nb"
Inl < 1.4442

y candidates /5GeV

50

* MC normalized to data

IcHE® |CHEP2010, Paris

Tomasz Frilboes (SINS)

CMS Preliminary 2010  —— Data

1 MC other

CMS PAS EGM-10-005

Isolated Photons

With photon ID applied, clear component from

\s=7TeV
L=74nb"

1.566 < Il < 2.5
Barrel

y candidates /5GeV
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“Measurement of the Isolated Prompt Photon Production Cross Section in pp

Collisions at sqrt(s) = 7 TeV”
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LU .
o Electron reconstruction

Energy clustering to recover bremsstrahlung

* Superclusters are built by collecting clusters of
crystals within in ¢ window

Electron seeding two complementary algorithms

o Start from ECAL superclusters and search for
compatible hits in the tracker inner layers (ECAL driven)
o Start from tracks (Tracker driven)

Electrons tracking
* Bremsstrahlung energy loss modeled with a mixture of
Gaussians (Gaussian Sum Filter)

BremCluster

Electrons preselection
* Track Supercluster position matching cuts
* Multivariate analysis

ICHEP
Roberto Salerno, ICHEP July 22-28,2010, Paris .me, 6
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Electron commissioning at high pT

with more statistics use electrons from W/Z

W and Z selections are used to commission reconstruction and
measure efficiencies

W Selection: Z Selection:
* high MET * Tag: identified/isolated electron
* | high energy ECAL supercluster * Probe: | ECAL supercluster
¢ little hadronic activity * Invariant mass
CMS preliminary 2010 Ns =7 TeV
% T ARaRsEssEmES T IRRaREi % r T T ]
120 CMS Preliminary 2010 —| 20 - -
o \5=TTeV L, =198nb" ] o I -+ data _[L de=198nb" ]
NS | 1 N [zoee 1
[ h 2 450 1
'.E 80 —— Data E S F ]
0o [ ] s | 1
60 [ = bickgrounds "é 10| 4
r [ aco+7jet q 8 ]
sf 3 E I 1
[ ] 3 sl ]
201~ - F ]
G: | Lo %’ t 1 i ]
0 20 40 60 80 100 120 140 160 180 200 0 80 100 120
M; (GeV) M(ee) [GeV]

Z peak out of the box shift within 1%

Figures are for selected electrons scite
Roberto Salerno, ICHEP July 22-28,2010, Paris #aizoo. 8
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Electron reconstruction

ECAL barrel W Tag

—_fm«=19s"h’

ECAL driven seeding

]
3

T =
CMS Preliminary 2010
Ns=7TeV

—e- Data
mw
@ aco

3
8

e Start by high ET ECAL supercluster and
extrapolate toward innermost tracker layers

g
T

3
8

* Pair of hits are selected within a window around
the expected position (r-phi and r-z planes)

a
8

Nb. of ele. candidates/0.006 cm

97008 006 004 0.02 0 002 004 006 008 0.1

. . . . lectron A
Electron reconstruction efficiencies electron Az, (em)

ol2
& CMS Preliminary 2010
Tz [ \EETTevL,=198nb! 1
§ 1A » crecolDatalleecoMC) -
+ 16 2 methods combined
[ l 7 Detector Method Data MC
1 + ¢ * \ Barrel | ZTag&Probe | 0.993 +0.014 [ 0.985
r b Endcap | ZTag&Probe | 0.968 + 0.034 0.961
09~ -
I Barrel Endcap i
0.8 z s z F
z " = -

N N
Electron reconstruction efficiency ratio between data and MC

The shaded region is the combined efficiency data/MC ratio ICHEP
Roberto Salerno, ICHEP July 22-28,2010, Paris sewian. 9
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2% Recent progress: invariant masslif
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- CMS Preliminary 2010
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G. TONELLI, CERN/INFN/UNIPISA RRB_31 OCTOBER 12, 2010
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e Miony
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%%  Hereis the Compact Muon Solencicdilill

—anb p
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Invariant mass resolution at the Z peak ~ 1%
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CMS Muon System and Tracker

Muon system:

* Drift Tubes (DT)

* Cathode Strip
Chambers (CSC)

* Resistive Plate
Chambers (RPC)

Silicon Tracker:
* Pixels (3 layers)

Magnet:B=3.8T

ICHEP 2010 G. Petrucciani (UCSD) - CMS Collaboration 4
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Soft muons: kinematics

Soft muons
w A L A L N N
g F CMS Preliminary [ —— Data, 0.47 nt'
> T Ns=7TeV [ muons from heavy flavours
E 105 E. I muons from light hadrons

ICHEP 2010

Tomasz Frilboes (SINS)

[ duplicates
I hadron punch-through

~ 25
P, (GeV/

O ol el v vvd il ol ]

~3

Data collected with a
minimum bias trigger
compared to
Simulation of min. bias
events; muons separated
according to their origin:
* 84% from nt/K decays
* 9% from b/c decays
*4.4% from hadron
punch-through
* 2.8% duplicates (1 sim.
particle giving >1
reco. muons)

G. Petrucciani (UCSD) - CMS Collaboration

CMS@ICHEP2010
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Other muon observables

Other data/sim. comparisons, with different sensitivities to
the performance of the identification algorithms, the
modelling of the detector, and to the sample composition.

Tight Muon, p;> 3 GeV

(2] QtE T e ey @ e [T T
g CMS Preliminary [—— Data, 0.47 nt/ g 104 E CMS Prellmlnary —+— Data, 0.47 nb‘ E
> \Ns=7TeV [ muons from heavy flavours =1 ENs=7TeV [ muons from heavy flavours | ]
E uons from light hadrons E C [ muons from light hadrons | ]
uplicates - [ duplicates 4

103 L B hadron punch-through 4 03 B hadron punch-through u

| 1 =t
0 12 3 456 7 8 9 10 0 10 20 30 40 50 60 70
transverse i.p. signif. global track hits

ICHEP 2010 G. Petrucciani (UCSD) - CMS Collaboration 10
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|dentification efficiency from J/W

Results from data
in agreement with
expectations from
simulation at the
5-10% level almost
everywhere

... just a few months
after the startup!

Soft Muon Tight Muon
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ICHEP 2010 G. Petrucciani (UCSD) - CMS Collaboration
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Momentum scale and resolution

* The momentum measurement for muons is
dominated by the silicon tracker for p; < 200 GeV/c
* Measurement on data using muons from J/W

— momentum scale bias: (2+1) x 103

— momentum resolution agrees with expectations from
simulation within 5%

* More details in the CMS tracking performance talk
by B. Mangano in this morning’s session, or in the
CMS Physics Analysis Summary TRK-10-004

ICHEP 2010 G. Petrucciani (UCSD) - CMS Collaboration 19
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W — v and Z — pp - 35pb~!

CMS prellmlnary 2010

° CMS preliminary 2010
ém 35p5" @ ve 7TeV§ Em‘* ‘
%104 %103
%103 2102
2 —_
'5102 'é 10}

=}
g 10 2

Tomasz Friiboes (SINS)
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"W and Z @ CMS*

Full Results

CMS preliminary ICHEP2010 Ns= 7 TeV
T

CMS

ICHEP2010 Ne=7Tev
T T
. NNLO, MSTWos 68% CL pledlclmn NNLO, MSTW08 68% CL pmdll:!mn 50-120 Gev
Ldt=198nb" 10.44+0.52nb JLdI=196nb" 097 +0.04 nb
W — uv I Ziy* —pup ———
9.14£033,,£058_,+1.00,, nb 088+0.10,,,+0.04,,,+0.10,, nb
W —ev . ——— Ziy* —> ee L ek
9.34+036,, +0.70 +1.03, nb 088 £0.12 +0.08 +o0.10,,.. nb
syst st oyt
W — Iv (combined) e Z/y* — 1l (combined) ——
9221024, 1047, £1.01,,nb 0.88£0.08,,,,+0.04,,, +0.10,,,, nb
1 L L L L L L . L L
2 4 6 8 10 12 0 0.5 1 1.5
o pp = W+X — v+X) [nb] o(pp = Zy"+X = 1I+X) [nb]
CMS preliminary ICHEP2010 Ns=7TeV
T T T
NNLO, MSTWO08 68% CL prediction
Ldt=198 nb™ 10.74 + 0.04
W —uv, Z/y* —>up —
1038134, +078,
W —>ev, Z/v* —ee ——
1057 £154,, 120,
W — v, Z/y* = Il (combined) ——
10.46 £ 0.99 ., £ 0.65 .,
L " L

0 5 10 15
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W charge Asymmetry

W — ) — W — )

IR R L R LR LR
CMS Preliminary|
Simulation (10 TeV)

t

dy
A(n) = :
L (WT — jrv) + S (W — o)
a 0.3
‘g [
g oxf
g
o 02
=]
s
04 CTEQ6.6 O o135

0.35- Q=91 GeV

L B B

p:>?5 GeV, p:>20 GeV
[ pp—>W(uv)+X (Pythia 6.0+CTEQEM)

. CMS simulation (uncorrected)
Statistical error

s e b L Ly

Systematic error

[

Tomasz Frilboes (SINS) CMS@ICHEP2010
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"Measurements of Inclusive W and Z Cross Sections in pp Collisions at

/5 = TTeV*

14

cMS . . . . Im pb” at I\JZ= 7TV cus 29pb"at VE=7TeV
NNLO, FEWZ+MSTWOB prediction luml. unaeriainiy: + 11%
[with PDF4LHC §8% CL uncertainty] axB(W) 0.953 + 0.028 o 0.048 e
10.74 + 0.04
oxB(W') bt 0.953+0.029,,, +0.045
W ev, Zoee e i
10.47%0.42,_ +0.47 axB(W) =T 0.954 £ 0.034 , +0.051,
stat syst
W o pv, Z—pup oxB(2Z) H—e—H 0.960 + 0.036,,, + 0.040,,
10.74£ 0.37,,,+ 0.33,,
Ryz e 0.990 + 0.038,,, + 0.004,,
W > lv, Z- 1l (combined) i
10.64+ 028, + 029 R,. H—a—H 1.002+0.038,,, £ 0.028,,
0 2 4 6 8 10 12 14 o5 0.8
Ruz=[6xBlW)/[cxB](Z)

1 1.2
Ratio (CMS/Theory)

arXiv:1012.2466, submitted to the Journal of High Energy Physics
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@ Algorytm rekonstrukcji "Particle Flow”
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Overview: the Particle Flow algorithm | =8 %

%

; in
" M HCAL
d g Clusters
neutral | .
hadron | g A III] detector
S
: S o
i
.. ECAL i
i Clustérs

e particle-flow ||

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 ...

Florian Beaudette — CERN/LLR 221
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Track-cluster link

ECAL surface HCAL surface
E—O.SS ;— Iaal “ E-D.ES - “
0.7 I = .0 [ .
O e o = ‘
0.75- < -0.75 -w -
080 | B 08 ‘
‘ 0 f
-0.855— O -0.85 i
09 o 09 - ‘i
005t O L — 095
E L L _n ance
-1’.@[.”.I...ﬁ....l....l----l- - @|||HCALE"|
0.9 095 1 105 11 115 1.2 0.9 095 1 105 11 115 1.2
n n
* Two photons (ECAL clusters not linked to any track)
plus a n—and a n+
Florian Beaudette — CERN/LLR 321
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Event Display, transverse view (2.36 TeV data)

Charged hadron

Florian Beaudette — CERN/LLR 421
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Event Display, transverse view (2.36 TeV data)

Charged hadron
Photon (dashed line)

Florian Beaudette — CERN/LLR 521
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Event Display, transverse view (2.36 TeV data)

Charged hadron
Photon (dashed line)
Neutral hadron (dotted line)

Florian Beaudette — CERN/LLR 6/21
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Event Display, transverse view (2.36 TeV data)

Charged hadron
Photon (dashed line)
Neutral hadron (dotted line)

SumE; : 178 GeV
MET : 1.9 GeV

Florian Beaudette — CERN/LLR =0 7121
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Event Display, transverse view (2.36 TeV data)

Particles clustered in jets

Jet 1 p;y=22 GeVic Jet2

pr=42 GeV/c
+Jet

Charged hadron
Photon (dashed line)
Neutral hadron (dotted line)

pr=38 GeV/c

SumE; : 178 GeV

MET : 1.9 GeV

Jet Algo: anti-Kt R=0.5
Three jets with p;> ZOGe\?{/Z(l:

Florian Beaudette — CERN/LLR
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Jet energy response & resolution

simulated QCD-multijets events

barrel: |n| < 1.5

95-97% of the p; reconstructed,
over the whole range

CMS Preliminary /
0. c 045

< / s
o E v g 04 —E Corrected Caloets

0 = E
2 g o i
O -02 — ® 035
Qv = > E o<hicts
0 F 7 3 0250
O 04 = 3 E
o / c 02F ™
D - == 8 0455 S\ﬂ\,
D 06F - & 045y .

@ E —

a [ ko E — S

F = Calovets 0.1E T T

S T ; ;o E —

F fo<mets | 0.05F

L E

A 100 200 300 400 500 600

Florian Beaudette — CERN/LLR

Tomasz Frilboes (SINS)

~N

P, (GeV/c) P [GeVic]
Very large improvement
at low pT, thanks to the

tracks

10/21

CMS@ICHEP2010

58 /66



@ Fizyka kwarku top
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Dilepton+X Selection

= Dilepton channels: ee, uu, e

+ Triggers: u+X (p; > 9 GeVic) or
e/yX (E; > 15 GeV)

« 2 isolated, prompt, oppositely
charged leptons (I = e,p) of
good quality

= p(l) > 20 GeV/c
" |nl<25,|nl<24

= Relative isolation: * Z-boson veto:
Detected energy around lepton " 76 < M, < 106 GeV/c?
Zp;mk + Zp;m + Zp;m « Count additional jets:
Rel.isol. = #=es £<03 2<03 = anti-k; jets, R=0.5
P, (lepton ) . . R
<15 % = using calorimeter®tracking info
- Missing transverse energy * 171 <24, pr > 30 Gevic
(MET) > 2 jets typical for ttbar

= using calorimeter®tracking
= MET > 30 (20) GeV (in ep+X) ‘

ICHEP

PARiS/2010\ .

T. Christiansen, CERN - Top-Quark Studies at CMS - ICHEP 2010 - Paris, 23-July-2010
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Top physics - candiate event

CMS Experiment at LHC, CERN
Data recorded: Wed Aug 4 09:44:37 2010 ppT I NN EENN———
Run/Event: 142305 / 15915819

Lumi secton: 22 —

C
I
/ Jet pr= ﬁuq n=0.2, = 0.9 \\
m l / = Fr= 49 GeV/c, = 0.8

e pr= 80 GeV/c, n= 0.5, 9= -2.9 - IJ
/ /.

I l I I
b-tagged jet

Dilepton mass 88 GeV/c?, pr=138 GeV/c
= 89 GeV/c, N= 0.5, o= -0.7

5
Sy e fmegery g
==

masz Friboes (SINS) CMS®@ICHEP2010
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"First Measurement of the Cross Section for Top-Quark Pair Production in

Proton-Proton Collisions at /s = 7TeV*“

T~ Ty
] F T T T T L e[ com: 3
g Focms ® Data > F 31pblat s =7TeV ]
S 12F a1putatys=7Tev| EEENsignal h o [ Events with eefuujey ]
o i y"I'l prediction o f q
Events with ee/pji/ey cai i a 5k A Data MWT
ror't =
10l [ Single top p s [ @ DataKIN
CJw § e I Signalsbkgd. MWT
L [ Non-W/Z prediction F B
L . woor X
af EZpcky. ticattinty b Signal+bkgd. KIN
L al Background MWT
L F I Background KIN
ok [ T | J
>4 100 150 200 250 300 350 400
2.
Number of jets Reconstructed top mass [GeV/c“]
Fig. 2. Distribution of the top-quark mass using two different reconstruction
Fig. 1. Number of jets in events passing all dilepton selection criteria before the  methods [35.36]. compared with the expected yields from simulated signal-plus-
2-jet requirement for all three dilepton modes combined, compared to signal and  packground and background-only hypotheses. The points in each bin for the two
background predictions. The hatched bands reflect the uncertainties on the back-  yethods are slightly offset in reconstructed mass to allow coincident points to be
ground predictions. visible. The last bin contains the overflow.

o(pp — tt+ X) = 194 + 72(stat.) £ 24(syst.) & 21(lumi.)pb
3.1 pb-1 of data, 11 candidate events.
arXiv:1010.5994

Submitted to the Physics Letters B
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© zamiast podsumowania
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3D view,

CMS Experiment at LHC, CERN : i

Data recorded: Fri Sep 24 02:29:58 2010 CEST
Run/Event: 146511 / 504867308

No explicit cut on tracks pr

15
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R~ ViEW,

W\

P
A e

 ga

CMS Experiment at LHC, CERN

Data recorded: Fri Sep 24 02:29:58 2010 CEST Bl
Run/Event: 148511 / 504867308

Only tracks with pr>1 GeV are displayed

18
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N2

Event: Details

CMS Experiment at LHC, CERN
Data recorded: Fri Sep 24 02:29:58 2010 CEST
Run/Event 146511/504867308

Muons (pr[GeV], n, @ [rad])

o (48.1422, -0.412532,-1.92555)
wi(43.4421, 0.204654, 1.79493)

ud(25.8769, -0.782084, 0.774588)

113 (19.5646, 2.01112, -0.980597)

Invariant Masses

Mo + p1
M2 + i3
Lo + 2
3+

1 92.15 GeV (total(Z) pr 26.5 GeV, ¢ -3.03),
: 92.24 GeV (total(Z) pr 29.4 GeV, ¢ +.00),
: 70.12 GeV (total py 27 GeV),

: 83.1 GeV (total pr 26.1 GeV).

Invariant Mass of 4u: 201 GeV

Tomasz Frilboes (SINS)
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